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Journal publisher
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Editor-in-chief

YBaxkaemu Koneru,

CnuncaHune “TopakanHa meguumHa” — HayuYHo-
TO u3gaHue Ha bbnrapckoTo apy»ecTBo no be-
noapo6HN bonecTu, ce 3aBpblua Npu Bac obHo-
BEHO 1 CbMPOBOAEHO OT ENEKTPOHHO M3[aHMe.
HoBUWAT ekun Ha CnvcaHUeTo, BOAEH OT Mpood.
BeHuwncnasa lNeHueBa, Ha konto YC Ha bbb
rnacysa fjoBepue, npoAb/ixXaBa Aa ro Crnvcea
KaTto TpMOyHa 3a HayyHWUTe MOCTUXKEHMA Ha
6bArapcKkmTe NYIMONIO3N.

BbB BpemeTo Ha NPUHYAUTENTHOTO OTCHCTBUE
Ha CMMCaAHNETO, KOraTo Hue ce 6AxXme NoCBeTUN
M3UA70 Ha HallaTa MUCKSA la cnacaBame YoBelLl-
K1 XXMBOTW MO BPeme Ha NaHaemusita, belue
HaTpynaH 6e3LeHeH NnpodecroHaneH onuT, Kon-
TO Cera HawuTe KoJiern n3cnegoBaTtenu cnope-
NAT B CBOUTE Ny6nmKaLmm.

OyvakBame BaluvTe HOBY Hay4YH CbObLLEHNS,
KOWTO He Ce CbMHsIBaM, Lie 6baaT MPUHOC KaKTo
KbM Obnrapckata nynmMonorus, Taka u Kbm r3-
cneaBaHeTo U NNeYeHneTo Ha benoapobHuTe 60-
NecTn B KOHTEKCTa Ha CBETOBHaTa MeAULMHCKA
npakTrKa.

Heka cnogename Ha CTpaHMUUTE Ha HaleTo
CrvcaHne CBouUTe NMOCTUXKEHUSA, fa ce oboraTa-
BaMe B3aMMHO U Aa rfiejame Harnpepn B pasBu-
TUETO CM KaTo CreumnanncT B HOBUTE YC/I0BUA
Ha HeMpecTaHHU MPOMEHU B MeAVLIMHCKaTa Hay-
Ka 1 B 00LLeCcTBOTO.

bnaropaps Bu, ue cme 3aegHo!

3npaBenTe Koneru,

B pbLeTe cu obpKute HoBUS BPOoIi Ha cnnca-
Hne TOPAKAJTHA MEONUMHA. Cnep npekbcBa-
He, NpUYHeHo oT KoBua MaHAemuATa, Korato
6s5XMe Ha MbpBa NMHUA, BOpPUXMe Ce 3a KMBOTa
Ha HallnTe NauMeHTn N HAMaxme Bpeme 3a Hay-
Ka, OTHOBO Ce Bpbllame B Pyc/oTo Ha obuvan-
HUA XXMBOT. Bpeme e fa cnogenvm HayueHoTo, Aa
NMoKaem KakBO HOBO CMe OTKPUIIN U KaKBO CTa-
po cme npomMeHuny. Xy6aBo e ia neKyBame, HO e
nobpe 1 ga cnogename Kak 1 3awo. CnncaHneTo
€ efjHa uyJecHa Bb3MOXHOCT, Ype3 KoATO Aa
NoKa<em Ha AipyrrTe KakBO HOBO MOXeM, a 3aLLo
He 1 ja CBEPMM CBOA YaCOBHMK Ha HALMOHANTHO 1
MeXAyHapoaHO HMBO. B nocnegHute rogmHu
nynMonoruaTa 6enexu 3Ha4YnTesTHO Pa3BUTHE, A
Hue TpsabBa a ro Nonynsapusripame U NPUIoXUM
Ha MeCTHO HMBO.

Halwa e oTroBOpHOCTTa 1a Hakapame obuie-
CTBOTO [ia HW LieHW 1 YBaXKaBa, 3aLloTO MOXEM U
3Haem!

Dear colleagues,

Thoracic Medicine Journal, the scientific pe-
riodical of the Bulgarian Respiratory Society,
returns to you updated and accompanied by an
electronic edition. The new team of the journal
led by Prof. Ventsislava Pencheva, MD, PhD that
has been given a vote of confidence by the
Management Board of the Bulgarian Respiratory
Society, continues to edit it as a tribune for the
scientific achievements of Bulgarian pulmono-
logists.

In the time of the journal's necessary absen-
ce, when we had dedicated ourselves entirely to
our mission to save lives during the pandemic,
invaluable professional experience was gained,
which our fellow researchers now share in their
publications.

We look forward to your new scientific com-
munications, which | have no doubt will be a
contribution both to Bulgarian pulmonology
and to the study and treatment of lung diseases
in the context of global medical practice.

Let us share our achievements on the pages
of our journal, enrich each other and look ahead
in our development as specialists in the new
conditions of continuous changes in medical
scienceand society.

Thankyou for being together!

Dear colleagues,

You are holding the latest THORACIC MEDICI-
NE. After a hiatus caused by the COVID pande-
mic, when we were on the front lines fighting for
the lives of our patients and having no time for
science, we are back to business as usual. It'stime
to share what we've learned, to show what new
things we've discovered and what old things
we've changed. It's good to heal, but it's also
good to share how and why.The journal is a great
opportunity to show others what new things we
can do, and why not to compare notes on a
national and international level. Pulmonology
has seen significant developments in recent
years, and we need to promote and apply this
locally.

It is our responsibility to make the public
appreciate and respect us because we can and
we know!



Bbnrapckaranynamonorusa ocupoTs.
HanycHa Hu gou. A-p loHKa CtedaHoBa.

Jlekap, yuuTten, MeHTOp, NPUATEN U YOBEK,
oThaN MBOTa CY 3a nobefaTa Ha *KUBOTA Hapg
CMBPTTA.

Xunagu ca naymeHTWTe, NEKYBaHU OT Hes
npes abnrua i npodecroHaneH nbt. Crotnym ca
nekapwvTe, NMoyepnuan OT HelHWA npodecno-
HasneH OnuT, BeLMHa B IEUYNTENCKOTO U3KYCTBO U
OHas eHCKa TOMIoTa ¥ emnaTus, C KOSTo ce
rpvixeLue 3a 6oHUTE. BabxBalle M CUrypHoCT u
HajeXnaa, a Ha MnaguTe Kosery faBalle camo-
YyBCTBUE N YBEPEHOCT.

B HelHO nuue 6bnrapckata nyamonorus
MMmalle CBOA nuaep B obnacTTa Ha ¢Tm3maTpus-
Ta.Jlngep, KOMTO fa CToM AOCTOMHO U CTabUSIHO
Ha eBPOMeNCKNA HayyeH Noguym 1 C pyTUHa 1
rMbBKABOCT, @ MOHAKOra 1 C XapaKTep Aa HaloXu
NPOMEHNTE 1 BbBeAe CbBPEMEHHUTE METOAM 3a
neyeHuneTto Ha TybepKynosata. [log HelHOTO
BELLO 1 YMeNo pbKOBOACTBO HOBUTE CTpaTernu
ce BbBeX/axa IecHo, a PTU3MATPUUHNTE 3BEHA
MMaxa B HEMHO NMLE CbBETHMK N KOHCYNTAHT B
TPYOHUTE KAWHUYHW PEeLleHnAa U NpuATen, Ha
YreTo paMo MoraT fja ce obnerHar.

Hou. CrepaHoBa 06yun n ksanuduumpa cto-
TMUM 6bArapCKM Nekapu B obnactTta Ha pTm3mnaT-
puATa, Npenofage 3HaHWATa CY Ha XUnagu cTy-
geHtn ot MY Codwus, cTaHa pa3no3HaBaeMoTo
NuLe B CBETOBHATa HayKa 3a 6opba ¢ TybepKyno-
3aTa.B3ena akTVBHO yyacTve B ynpaBneHMeTo Ha
bbb kaTo uneH Ha YC 3a gbnbr nepuog ot
Bpeme, gou. CtedpaHoBa Ao NocnegHNTe Meceun
OT CBOS XMBOT Ce BbJIHYBalle, MPeXnBsBaLle U1
aKTMBHO yyacTBalle B HayyHuTe $opymn Ha
LPY»KeCTBOTO 1 00yunTenHuTe My mogynu. MNna-
HMpaLLE 1 YYacTUETO CU B NMPeLCTOALMA KypC 3a
MJIaAN NYSIMONIO031 MPEe3 HOEMBPW.

Ta3u nekuus Wwe NpoyeTe U Lie NPoAb/IXKaBa
[la yeTe 3a BCMYUKW Hac OT HebecHaTa KaTeapa, a
HMe e A MOMHVM 1 Ma3uMm B CbpuaTa Cu C Hel-
HaTa HeXKHa YyCMMBKa, 611arocTTa, YOBEYHOCTTa 1
J[O6GPOTO CbpLe, KOUTO WEeApOo pa3gaBalle He
CaMo 3a CEMeNCTBOTO U AeLaTa Ci, HO U Ha BCUY-
KU HAC, KOUTO UMaxme YecTTa 1 NpuBUIErnaTa 4a
Ano3HaBame 1 fja paboTnM C Hesl.

O6unyame Bu!
LLle B nomHum!

[aecBeTbn nbraT Bu!

YCHa bbb

Bulgarian pulmonology
has become orphaned.
Assoc.Prof.Donka Stefanova, MD left us.

Doctor, teacher, mentor, friend and a person
who gave her life for the victory of life over death.

Thousands of patients were treated by her
during her long professional career. Hundreds
are the doctors who have benefited from her
professional experience, her skill in the art of
healing and that feminine warmth and empathy
with which she cared for patients. She made
them feel safe and gave them hope, and also
inspired self-esteem and confidence in her
young colleagues.

In her person Bulgarian pulmonology had its
leader in the field of phthisiology. A leader who
could stand worthy and steady on the European
scientific podium and with routine and flexibility,
and sometimes with character, impose changes
and introduce modern methods for the treat-
ment of tuberculosis. Under her able and skillful
leadership, new strategies were easily introdu-
ced, and the chest departments had in her per-
son an adviser and consultant in difficult clinical
decisionsand afriend with ashouldertoleanon.

Assoc. Prof. Stefanova has trained and quali-
fied hundreds of Bulgarian doctors in the field of
phthisiology, taught her knowledge to thou-
sands of students at the Medical University of
Sofia, and has become the most recognizable
facein the global science of tuberculosis control.
Having taken an active part in the management
of Bulgarian Respiratory Society as a Board mem-
ber for a long period of time, Assoc. Prof. Stefa-
nova was excited, experienced and actively par-
ticipated in the scientific forums of the Society
and its training modules until the last months of
her life. She was also planning her participation
in the upcoming course for young pulmonolo-
gistsin November.

She will give that lecture and will continue to
do so for all of us in the heavenly cathedral, and
we will remember and hold her in our hearts for
her gentle smile, herkindness, her humanity, and
the good heart she generously gave not only to
her family and children, but to all of us who had
the honor and privilege of knowing and working
with her.

We love youl!
We will rememberyou!
May your path be bright!

Management Board of the Bulgarian Respiratory
Society

In memoriam

[Jou. [lonka CrepanoBa
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Pesiome

3abonaaHeTo COVID-19 6e o6aBeHo oT C30 B Hayanoto Ha MapT 2020 I. 3a NaHAemusa 1 ce
npeBbpHa B rnobaneH 3gpaBeH Npobnem CbC CEPUO3HU MKOHOMUYECKN nocneunum 3a noseye ot 200
ObPXKaBU Ha LIeCTTe KOHTUHeHTa. ETnonornyHmat areHT SARS-CoV-2 e BMpYC C 06BMBKA U MONIOXKUTENTHO
opueHTupaHa egHoBepuxHa PHK (+ssRNA), KOMTO e CUTHO KOHTarnmoseH 1 ce npegasa OCHOBHO MO
Bb3JYLIHO-KaNKoB MbT, KaTO HE CaMO CUMMTOMATUYHUTE, HO 1 6E3CMMMNTOMHIKTE XOpa Ca U3TOYHNK 3a
pa3npocTpaHeHue Ha MHpeKLusTa. NMoHacToAwem Hag 60 MITH. AiyLIM Ca 3apa3eHin B CBETOBEH Mallab, a
Hag 1,4 mnH. ca 3arybunn 6mutkaTa C BUpYyca. 3a CbXaNeHue, pa3npoCcTpaHEeHNeTO U CMbPTHOCTTA
HapacTBaT eKCMOHEHLUMASTHO, KOETO Hafara pefjoBHO 1 MacOBO MPOBeXAaHe Ha HafeXaHN TeCcToBe 3a
naeHTUdrLMpaHe 1 n3onmpaHe Ha nuua, 3apaseHn ¢ COVID-19. CekBeHMpaHeTO Ha BMpYyca NO3BONU
pa3paboTBaHeTO Ha HafeXAHW KWTOBE 3a MOJMeKynspHa AMAarHOCTUKa, 6asnpaHn Ha MonMmepasHa
BEPVXKHA peakumsa ¢ obpaTHa TpaHcKpunTasa B peanHo Bpeme (RT-gqPCR). OT HayyHO 3HauyeHue ca 1
JOMbAHUTENHO pa3paboTeHnTe NO-TOYHN MONEKYNIAPHO-OMONOrMYHN METOAM KaTo AUTMTaNHA KarnkoBa
PCR - ddPCR, meTareHomeH aHanu3 1 ap. PaspaboTteHun ca n peavua 6bp3n aHTUIeHHU TeCToBe 3a
[lOKa3BaHe HanMuneTo Ha BMPYCHWU YacTuLUM, a Cb3[afleHNTe CepOolorMYHN TecToBe NOTBbPXAaBaT
HaIMuMeTo Ha aHTWTena y npebonefyBanuTe nauMeHTU. PonsitTa U NPUIOXKEHMETO Ha Te3N TecToBe
HapacTBa Bce N0-6bp30 1 Te Le 6baT OT pellaBallio 3HaUYeHMe 3a OrpaHMYaBaHe Pa3npoCTPAHEHNETO 1
nocTuMraHe Ha ycrnewieH OTroBOp B NMosn3a Ha obLiecTBeHOTO 3apaBe. [paBunHaTa AnarHosa cnefBa fa
6be MoCTaBeHa CaMO C KOMMJIEKCEH MOAXOA W AaHANU3 HA AaHHUTE OT Pa3fIYHU OUArHOCTUYHMU
nnatdopmmn — aHaMHe3a 1 KNUHUYHKU cumnTtomin, RT-gPCR, aHTUreHHN TecToBe, 06pa3Ha fMarHocTmka
(komnioTbpHa TOMOrpadus) n gp.



NEW DIAGNOSTIC APPROACHES
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Abstract

The COVID-19 outbreak was announced by WHO at the beginning of March 2020 as a pandemic
asfarasbecomingaglobal health problem and serious economic burden in more than 200 countries over
the six continents. The etiological agent SARS-CoV-2 is an enveloped, positive-sense, single-stranded
RNA (+ssRNA) virus which is highly contagious being transmitted mainly by airborne droplets, whereby
not only symptomatic but also asymptomatic people are a source of the infection spreading. Currently,
more than 60 million people are infected worldwide, whereby more than 1.4 million lost the battle with
the virus. Unfortunately, the dissemination and mortality rates increase exponentially every day which
requires regular and mass testing for identification and isolation of infected individuals. The sequencing
of the virus allowed the development of reliable molecular diagnostic tools based on the real-time
reverse transcriptase polymerase chain reaction (RT-gPCR). Of scientific interest are the more accurate
molecular biology methods such as digital droplet PCR (ddPCR), metagenomic analysis, etc. Rapid
antigen tests are developed too for proving the presence of viral particles, and the established serological
tests for checking the antibody response in the patients. The role and application of these tests are
growing rapidly and they will be crucial for reducing the transmission of COVID-19 and achieving a
successful public health response. The correct diagnosis should be made only with a comprehensive
approach and analysis of data from different diagnostic platforms - history and clinical symptoms, RT-
gPCR, antigen tests, imaging (computed tomography), etc.
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BbBeageHne

MNaHgemnyHoTO pasnpoctpaHeHune Ha,COro-
naVlrus Disease 2019" (COVID-19) ce npeBbpHa B
rnobaneH 3gpaBeH Npobiem 1 cepro3Ha MKOHO-
MUuyecka TexecT B noseye ot 200 gbpkasu OT
LWeCTTe KOHTUHEeHTa. ETMONOrnyHmnAT areHT Ha
COVID-19, Taka HapeueHuAT SARS-CoV-2 (Texxbk
OCTbp pecnupaTopeH CUHAPOM — KOPOHAaBUPYC
2), e HOB MHOTO 3apa3eH 6eTa KOpOHaBUpYC
(bCoV), kolTO ce nosBABa 3a MbPBYU MbT B YXaH,
Kutannpe32019rogunHal1-3].Ha 11 mapT2020T.
CBeToBHaTa 3gpaBHa opraHu3auus (C30) obssu
3abonABaHeTo 3a MaHAemusA. Kbm 26 HoemBpu
2020r. B cBeTOBEH MaLlab ca AoKnagsaHu Hag 60
MJTH. ciyyas Ha COVID-19, ot kouto Hag 1,4 MAH.
CMBPTHU cnyyas [4].

SARS-CoV-2 BupycbT nputexaBa 0OBMBKa 1
NONIOXKMTENIHO OpUeHTUpPaHa egHoBepurxkHa PHK
(+ssRNA). Ton BepoATHO BOAM HayanoTo cu OT
npunenu n nMa 300HO3€eH XapaKTep, MPON3XO0X-
JanKn OT >KUBOTUHCKM KOPOHaBupyc [2, 3, 5]. Ton
MOXe Aa ce npefaBa OT XUBOTHO Ha YOBEK, OT
YOBEK Ha »KMBOTHO 1 OT YOBEK Ha YOBEK, Npu KO-
€TO He CamMO CMMMNTOMATUYHUTE, HO 1 Gescmn-
TOMHUTE XOpa Ca U3TOYHMK Ha pa3npocTpaHe-
Hue Ha COVID-19. HabnopgaBaHuAT MHKyba-
umoHeH nepuog 3a COVID-19 Bapupa mexxay 2 n
14 oHn (cpegHo 4-5 OHKN) OT MOMEHTa Ha eKCrno-
3numATta [6]. MoHacToAweM TepaneBTUYHUTE
cTpaTterum 3a cnpaesaHe ¢ UHdeKuMaATa ca camo
nogabprkawu. LLlo ce oTHaca oo npefaBaHeTo Ha
SARS-CoV-2 rnaBHO No Bb3AylEH MbT U B MO-
Masika CTerneH Ype3 3aMbpCeHU MOBbPXHOCTY,
NpeBaHTVBHUTE MEPKM KaTo COLManHO AUCTaH-
LmpaHe, N3rnon3BaHe Ha Macku, CanyHu 1 fe3VH-
beKTaHTV n3rnexgaTt Han-gobpoTo opbXKKMe 3a
orpaHnyaBaHe naHgemuATta [2]. B Ta3u Bpb3ka
PefoBHO MPOBEXAAHUTE U HafEXOHWU TeCToBe
3a maeHTudMLUMpaHe 1 M3oNMpaHe Ha Nnua,
3apaseHun ¢ COVID-19, nsrnexpgat oT peluaBaLlo
3HayeHne 3a HamanABaHe Ha pa3npocTpaHe-
HWETO M NOCTWraHe Ha ycrelleH OTroBOp B Mon3a
Ha obLecTBeHOTO 37paBe. CeKBeHNpPAHETO Ha
BMIpYCa NO3BONU pa3paboTBaHETO HA HAfEXOHM
WHCTPYMEHTU 32 MOMEKYNApHa AMarHoCTuKa,
6a3npaHy Ha NoNIMMepPa3Ha BePUKHaA peaKkLms C
obpaTHa TpaHcKpunTasa B peanHo Bpeme (RT-
gPCR) n 3apgeiicTBa TbpPCEHETO Ha MO-TOYHU
MOJIEKYIAPHO-OMOIOrMYHM METOAM, OTKPMBALLY
eflHa UM noBeYye NpULENHN CTPYKTYpU BbB BU-
pycHata PHK (aurutanHa kankosa PCR - ddPCR,
MeTareHoMeH aHanu3 n ap.). B gonbnHexne, opy-
M ANarHoCTUYHU NaTGopmMm KaTo KOMNIOTbPHa
ToMorpadusa n ceponormyHn TeCcToBe Cbllo Mo-
rat fa 6baT M3non3BaHW NPM 3apaseHn NmLa 3a
NOTBbPKAABAHE Ha KINMHUYHMTE CUMMNTOMM U 3a
npoBepKa Ha OTroBOpa Ha aHTWTenaTta. TecTBa-
HeTo TpsibBa fla 6bJe CBbP3aHO 1 ja Ce OCHOBaBa
Ha TeXecCTTa Ha BCEKMW OTAEeNeH ciyyam M fda
BKJIIOYBa He camo mbpBoHavanHuAa RT-qPCRTecr,
HO 1 OOMbAHUTENIHA MUKPOOKOSOrMYHa Aumar-
HOCTMKA, KIIMHUYHO 1 BUPYCONOTMYHO Habnope-
HWe, M 06pa3Ha AnarHocTrKa.

TpabBa pa ce otbenexu, Ye HUTO eVH OT
pa3paboTeHnTe TectoBe He e 100% uvyBCTBUTE-
neH n cneunduryeH. Hanpumep AMarHOCTUYHUAT

Introduction

The pandemic outbreak “COronaVlrus Disea-
se 2019” (COVID-19) has become a global health
problem and serious economic burden in more
than 200 countries across the six continents. The
etiological agent of COVID-19, the so-called
SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2), is a novel very contagious beta
coronavirus (bCoV) that emerged first in Wuhan,
China in 2019 [1-3]. On March 11th, 2020 The
World Health Organization (WHO) announced
the outbreak as a pandemic. As of November 22,
2020, more than 60 million cases of COVID-19
have been reported globally, including more
than 1.4 million deaths [4].

SARS-CoV-2 is an enveloped, positive-sense,
single-stranded RNA (+ssRNA) virus that most
probably originates from a zoonotic coronavirus
spread in bats [2, 3, 5]. The virus could be trans-
mitted from animal to human, human to animal,
and human-to-human, whereby not only symp-
tomatic but also asymptomatic people are the
source of COVID-19 spread. The estimated incu-
bation period for COVID-19 varies between 2 and
14 days (median 4-5 days) from the time of expo-
sure [6]. Currently, the therapeutic strategies to
deal with the infection are only supportive. As far
as transmission of SARS-CoV-2 occurs mainly
through an airborne route, and, to a lesser ex-
tent, through contaminated surfaces, preventive
measures such as social distancing, use of masks,
soaps, and disinfectants seem to be the best
weapon to limit the pandemic [2]. In this regard,
regular and accurate testing for the identifi-
cation and isolation of individuals infected with
COVID-19 appears to be crucial for reducing the
transmission and achieving a successful public
health response. The sequencing of the virus
allowed the development of reliable molecular
diagnostic tools based on the real-time reverse
transcriptase polymerase chain reaction (RT-
gPCR) and triggered the research of more
accurate molecular biology methods detecting
one or more targets in the viral RNA (ddPCR,
metagenomic analysis, etc.). In addition, other
diagnostic platforms such as computation tomo-
graphy and serological tests could be used in
infected persons to confirm the clinical symp-
toms and to check on the antibody response.
Testing should be related to and based on the
case severity and should include not only the
initial RT-gPCR test but also additional micro-
biology diagnostics, clinical and virological
monitoring, and imaging diagnostics.

It has to be noted that no test is 100% sensiti-
ve and specific. For example, the diagnostic test
may be less accurate in asymptomatic or low-risk



TecT MoXe fla 6bAie No-Masnko ToOYeH Npu acumn-
TOMaTUUYHU UK HACKOPWCKOBU NLa, KOUTO OT-
[OenAaT Manko BMPYCK B OKOJNHaTa cpefa. TouHo-
CTTa 3aBUCY 1 OT CTafnA Ha MHpeEKLMATA — PaHO
U KbCHO B XOZa Ha 3a00/sIBAaHETO NauneHTuTe
pa3npocTpaHABaT MO-MaNko BMPYCHM YacTuLm
BbB Bb3yxa. [lokazaHuTe panumso oTpumuaten-
HW pe3ynTaTy we 6baat ¢ yectoTa 2 Ha 100 TecT-
BaHW NHAVBUAA Jopy Npuy TecToBe ¢ 98% cneuun-
duryHM 1 99% uysctBuTenHocT [7]. Cnopep Shu-
ren n cbTp. [7], ako 5 M1nMoHa AyLumn ca TeCTBaHM
n 1% ca nonoxutenHm 3a COVID-19, 1000 we
nmart GanlmBo oTpuLaTeNTHN Pe3ynTaTu, a 4pyru
49 500 we nonyyaT GanvBO MONOXUTENHU
pesyntatu. OT efHa CTpaHa nponycHaTuTe nmua
e yBenuMuaT pucka OT npepaBaHe, OT Apyra
cTpaHa $anwmBo NONIOKMTENHNUTE N1La, 0cobe-
HO aKO Ca CIY>KUTENN Ha OOLLECTBEHOTO 34 paBe-
onasBaHe, MoraT fla 6bJaT N3MMLLIHO MOCTABEHU
nof kapaHTuHa. CrnefoBaTeIHO BCUYKM pesynTa-
TW OT pa3peleHn TectoBe 3a COVID-19 Tpabea
Ja ce Tb/IKyBaT CaMO OT KNIMHULUCTH, KaTo ce MMa
npeasua obLOTO CbCTOAHWE Ha MauMeHTUTe,
pesyntatnte OT APYrv KAVHUYHW NoKasaTenn u
LONBAHUTENTHUTE MUKPOOUONOrMYHN TeCToBe
n36poeHu no-rope.

N3cnepBaHe 3a nHpeKyma cbc SARS-CoV-2

B3semaHe Hanpo6u

MbpBaTa 1 MHOFO BaXKHa CTbMKa OT TecTa 3a
SARS-CoV-2 ce oTHacA [o NPaBUTHOTO CbOMpa-
He Ha NpobuTe. HenpaBUIHOTO B3emMaHe Ha Npo-
6uUTe, BKJ. HEMOAXOASL, MOMEHT, HenpaBUIHO
cbbpaHn Npobu, NOWO CbXpaHEHME U TPaHC-
nopT Morart fja yBenuuat 6pos Ha banimso otpu-
LaTenHuTe pe3yntatu ot Tecta 3a COVID-19 n an-
PEKTHO Aia MOBNUAST HAa MEPKINTE, HACOUEHN Cpe-
Ly NpefaBaHEeTo 1 Pa3npoCTPaHEHNETO Ha WH-
dekuyusita B obuwectsoto [6, 8, 9]. OdnumanHo
opobpeHaTa focera AUarHoCTMYHa CTpaTerns 3a
naeHTndnumnpaHe Ha nauymeHtn ¢ COVID-19 e pa
ce obpaboTeaT NPoby OT ANXaTeNHUTE MNBTULIA,
3apace Tbpcm HannumeTo Ha SARS-CoV-2 cneun-
bUYHM PparmeHTN OT HyKNenHoBa KncenuHa [3].
HannuyHuTe noHacTosieM KIMHUYHW HAacoKM 3a
AnarHoctuka u nevexuve [6, 10] npenopbysat
Ha3odaprHreanHMTe TaMMoOHM 3a MoJslyyaBaHe
Ha npoba ¢ fobpo KauecTBO, Tbil KaTo OTAENA-
HeTO Ha BUpYyca BbB papuHKCa € MHOro BMCOKO
npe3 nbpeaTta cegmuua OT NnosBaTa Ha CUMMTO-
muTe [11]. MpaBunHaTa TexHMKa 3a NpoboB3e-
MaHe M3NCKBa oOyuyeHVie U ONuT, JOKOMKOTO
TaMMOHBT TPsIbBa Aa 6bae NoCTaBeH B 3aAHaTa
YyacT Ha Ha3odapUHKCa, Ha AbN6oYMHA NPUGIK-
3UTENTHO 7 CM C HeobXoAMMO 3aBbpTaHe npeau
n3ternaHeTo Ha TamnoHa [9]. Npruemnusa antep-
HaTMBa Ca Ha3anHUTe MM opodapuHreanHu
TamnoHu [12]. 3a UHTYbrpaHN N MEXaHNYHO BeH-
TUIMPaHU Bb3PACTHK, 38 KOUTO Ce MOA03MPa, Ye
mmat COVID-19, Ho HAMAT NoTBbpAEHA ANarHo-
3a, NpobuTe OT AOMIHUTE AMXaTeNHW MbTMLa
(eHOoOTpaxeanHW acnupaT oT BPOHXMANHA UK
6poHxoanBeonapHa NpommuBKa) TpsibBa da ce
npegnoynTaT Npes Te3un oT ropHUTe ANXaTeNHN
nbTUWa (HasopapuHreanHyn nam opodapuH-
reanHu) [6]. B Tabnuua 1 ca npepcraBeHU

persons who shed little virus in the environment.
The accuracy depends also on the stage of the
infection —early or late in the course of the iliness
the patients spread fewer virus particles in the
air. A false negative result should occur even if a
test is more than 98% specific and 99% sensitive
with an incidence of 2 per 100 tested individuals
[7]. According to Shuren et al. [7], if 5 million
people are tested and 1% are positive for COVID-
19, 1000 will have false-negative and other 49
500 will receive false-positive results. On one
hand, missed persons will increase the risk of
transmission, on the other hand, false-positive
persons, especially if they are public health
officials, could be unnecessarily quarantined.
Therefore, all results from authorized COVID-19
tests should be interpreted only by clinicians
considering the general condition of the pati-
ents and the results from other clinical indicators
and additional microbiological tests as listed
above.

Testing for SARS-CoV-2 Infection

Sampling

The firstand very important step of the SARS-
CoV-2 testing refers to the proper specimen col-
lection. Improper sampling, incl. wrong timing,
incorrectly collected specimen, bad storage, and
transport could increase the number of false-
negative COVID-19 test results and directly
influence the management of the infection
transmission within the society [6, 8, 9]. The
officially approved diagnostic strategy up to now
for identifying patients with COVID-19 is to pro-
cess samples from the respiratory tract in order
to search for the presence of SARS-CoV-2 specific
nucleic acid targets [3]. The currently available
clinical guidelines for diagnostics and treatment
[6, 10] recommend the nasopharyngeal swabs
for the collection of a high-quality specimen be-
cause pharyngeal virus shedding was shown to
be very high during the first week of symptoms
[11]. The right technique requires training and
expertise as far as the swab should be inserted
into the posterior nasopharynx, at a depth of
approx. 7 cm, and rotated before withdrawing
[9]. Nasal swabs or oropharyngeal swabs are
acceptable alternatives [12]. For intubated and
mechanically ventilated adults who are suspec-
ted to have COVID-19 but do not have a confir-
med diagnosis, lower respiratory tract samples
(endotracheal aspirates from a bronchial wash or
bronchoalveolar lavage) should be preferred
over upper respiratory tract (nasopharyngeal or
oropharyngeal) samples [6]. In Table 1 are pre-
sented the recommendations of ECDC (Europe-
an Centre for Disease Control and Prevention) for
specimens[13].
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npenopbkuTe Ha ECDC (EBponeickn LeHTbp 3a
KOHTPON 1 MpeBeHUMs Ha 3abonaBaHusATa) 3a
npo6m [13].

Ta6n. 1. Bugose npobu.

NPOW3X0A HA NPOBATA  |FOMUCAHUE

TopHu duxamenHu - Ha30(apuHreanHa HaTpuBKa
nemuwa - 0poapuHreanta HaTpuBka
- Ha3odapuHreaneH acnupar uam
Ha3anHa TeyHoCT

JlonHu duxamentu
nsmuwa (camo 3a
Xocnumanusupasu
nayueHmu unu maxuea
8 UHMeH3UBHU
omoesieHus)

- bpoHxoanBeonapeH nasax (BAL)

- eHpjoTpaxeaneH acnupar (ETA)

- eKCMeKTopariHa Xpauka (3a nauueHTn
CNIPOAYKTUBHA KALLINLA, He Ce NPenopbyBa
WHAYLMPaHE Ha Xpauka)

JHonsanumentu npo6u

- CEpyM, OCTBP U PEKOHBANECLIEHTEH
(npubnu3wTenHo 2 o 4 ceamuun

cnep ocTpata asa), KoraTo CTaHaT HalnyHm
BaNMANPAHM CEPONOTUYHM TECTOBE

- deuec

Bcnukmn npobu Tpabea fa ce cbxpaHABaT npu
Temnepatypa 2-8 °C go 48 yaca cnep nonyyasa-
HeTo. 3a paboTa unu nsnpawlaHe cneq 48 yaca ce
npenopbyBa TAXHOTO CbxpaHeHue npu -70 °C.
[JocTtaBkaTta npes HowTa TpA6GBa Aa ce M3BbPLLUBA
B OMaKOBKa C Niefl, CbXpaHABaHa Ha Temnepartypa
2-8 °C. B cnyyanTe Ha TpaHCrpaHUYHN JOCTaBKN,
npobute Tpabea fa ce cbxpaHagat npu -70 °C
(cyx nen) n pa otroBapAT Ha TnoBuTte npasuna
Ha OOH 1 BCMYKM Jpyrv NPUIoXKUmmn pasnopes-
6V B 3aBWCUMOCT OT W3MOJN3BaHWA BUL TPaHC-
nopt[14,15].

MonekynapHu mecmoee

3aSARS-CoV-2 ungpekyus

Kbm Hauanoto Ha anpun 2020 r., npubnamsu-
TenHuAT 6pori Ha COVID-19 TecToBeTe 3a EBpona
ca onpepeneHun, cbrnacHo JupekTtnsa 98/79/
EC7: 78 3a gqRTPCR TecToBe, 13 TecTa 3a 6bp3
aHTureH, 101 TecTa 3a aHTUTENA, KaToO NOBEYETO
OT TsX ca 6bp3m [13]. KonnuecTBeHaTa nonvme-
pa3Ho BepuKHa peakLuusa C 0bpaTHa TPaHCKpWI-
Ta3a B peanHo Bpeme (qRTPCR) e HacTtoAwmAT
3/1aTeH CTaHZapT 3a OTKPMBAHE Ha aKTUBHM
nHdekumn Ha SARS-CoV-2 [16]. AMepuKaHcKute
n eBponenckmTe areHumm, FDA (Food & Drug Ad-
ministration, USA) n ECDC cboTBeTHO, 0fobpuixa
HAakonko qRTPCR TecTa 3a ugeHTndMKaumsa Ha
SARS-CoV-2 Bb3 ocHOBa Ha rpyna npanmepu/
COHAN, HacoyeHn KbM BUpYcHN PHK nocneposa-
TESIHOCTY, KoAMpaLy n3bpaHn BUPYCHU CTPYK-
Typu. Hali-uecTo cpellaHnTe reHOMHU PErvoHn
npeactasnseat reHute "N, ORF1b, ORF1a n "E"
CDC n AnoHuna npenopbuBat “N” reHHUA pervoH
3a AMArHOCTUKA 1 N3MNON3BaHETO Ha MOHe efyH
KOMMAEKT OoT npanmMepwu/conga. CDC pa3pabotun
naHen 3a oTkpueaHe Ha SARS-CoV-2, cbeToAuy ce
OT TPV rpynu nNpaiMepu/CoOHAN 3a TO3U PernoH
(epuH 3a SARS 6eTa-KopoHaBUpYyc/ U ABa 3a
SARS-CoV-2), nokato ®paHums paspaboTty ABa
MeToAa 3a upaeHTuoumumpaHe Ha reHa RARP
(ORF1a n ORF1b). lepmaHusa paspabotn gse
COHJIM 3a €[JMH 1 CblL FeH - efiHa cneundryHa 3a
SARS-CoV-2 n gpyra cneyundunuHa 3a SARS-CoV-
2, SARS-CoV 1 KopoHaBMpyc, cBbp3aH cbc SARS.
MeTopgbT, paspaboteH B epmaHus, € HacoveH
KbMreHa,E” v eTecTBaH cbwwo BbB OpaHuma[17].

Table 1. Types of specimens.

ORIGIN OF THE SPECIMEN |"DESCRIPTION

Upper respiratory tract - nasopharyngeal swab
- oropharyngeal (throat) swab
- nasopharyngeal aspirate or nasal wash

Lower respiratory tract
(only for hospitalised
or in intensive care
patients)

- bronchoalveolar lavage (BAL)

- endotracheal aspirate (ETA)

- expectorated sputum (for patients
with productive cough, no induction
of sputum is recommended)

- serum, acute and convalescent
(possibly 2 to 4 weeks after acute phase)
for when validated serological tests
become available

- feces

Additional specimens

All specimens should be stored at temperatu-
re 2-8°C for up to 48 hours after collection. For
handling or shipping after 48 hours, storage at -
70°C is recommended. Overnight shipment
should be performedin anice pack (temp 2-8°C).
During international shipping, samples should
be stored at -70°C (dry ice) and comply with the
UN Model Regulations, and any other applicable
regulations depending on the mode of transport
beingused[14,15].

Molecular Tests

for SARS-CoV-2 Infection

As of early April 2020, the following approxi-
mate numbers of COVID-19 devices have been
CE-marked under Directive 98/79/EC7: 78 for
gRTPCR tests, 13 rapid antigen tests, 101 anti-
body tests, most of them rapid [13]. The quanti-
tative real-time reverse transcription polymerase
chain reaction (qRTPCR) is the current golden
standard for the detection of active SARS-CoV-2
infections [16]. The American and European
agencies, FDA (U.S. Food & Drug Administration)
and ECDC, respectively, have approved several
qRTPCR tests for SARS-CoV-2 identification
based on primers/probes sets which target viral
RNA sequences encoding selected viral structu-
res. The most common genomic regions repre-
sent the genes “N’, ORF1b, ORF1a, and “E". The
CDC and Japan recommend the “N” gene region
for diagnosis and the use of at least one set of
primers/probe. CDC developed a SARS-CoV-2
Detection Panel consisting of three sets of pri-
mers/probes for that region (one for SARS beta-
coronaviruses and two for SARS-CoV-2), whereas
France developed two assays for identification of
the RARP gene (ORF1a and ORF1b) and Germany
developed two probes for the same gene - one
specific for SARS-CoV-2 and another specific for
SARS-CoV-2, SARS-CoV, and bat SARS-related
coronavirus. The assay developed in Germany
targets the gene“E”"and was tested also in France
[17]. Astudy analysed the sensitivity and efficien-
cy of four gPCR primer-probe sets developed by
the China CDC, US CDC, Charité Institute of



Jpyro n3cnepBaHe aHanu3npa 4YyBCTBUTEN-
HOCTTa 1 epeKTUBHOCTTA Ha YETUPU KOMIJIEKTA
npanmepun gPCR, paspaboteHu ot Kutanckus
CDC, CDC Ha CALL, NHcTrTyTa No Bupyconorua
Charité, Universitatsmedizin bepnuH 1 yHnBep-
cuTeTa B XOHKOHT. Pe3yntatuTe nokasaxa, uye
BCUYKMU Habopwn oT npanmepn oTkpusaT SARS-
CoV-2 npu 500 BrupycHn PHK Konua Ha peakuus.
Camo RdRp-SARSr (PHK-3aBucrma PHK nonume-
pa3a) noTBbpAMTeNieH npariMep-coHda Habop
MMa H/CKa YyBCTBUTENHOCT[16].

M3BecTHO e 1 e fokasaHo nabopaTopHo, ye
npobuTe C HUCKO BMPYCHO HaTOBapBaHe YecTo
ce AMarHocTmumpat norpewHo Kato ¢anwmso
oTpuuatenHu [18, 19]. Hanocneabk, KakTo beLle
CMOMEHATO BbB BbBEAEHMETO, NPOOIEMBT C He-
TOYHOCTTA, BoAela fo 1-2% danwmso oTpuua-
TenHn pesyntatu ot RT-qPCR, ctaBa Bce no-
KPUTWYEH, TbiA KaTo BpoAT Ha 3apa3eHunTe xopa
ce yBennyaea. ToBa He caMO KOMMpOMeTMpa
HaBpeMeHHaTa AMarHo3a U PaHHOTO NeyveHue,
HO CbLJO Taka AOMNPUHAcCA M 3a MOBULIEHOTO
npefaBaHe Ha MHPEKUMATA, [OKOSTIKOTO YOBEKBT
C GanwmBo oTpuLATENHN pe3ynTaTy, KOWTO ce
CuyunTa 3a oTpuLaTeNieH 1 He3apas3eH, NPoabIiKa-
Ba [a OTAena BUPYCHM yacTiuy B 06LLecTBOTO
[20]. HoBaTa TexHMKa 3a gurnuTanHa kankosa PCR
(digital droplet PCR, ddPCR) moxe gpacTnyHo aa
Hamanu pesyntatute ¢ GpanwmBo OTpULATENHN
RT-qPCRs, KaTo No TO31 HauVH LWe gonpuHece 3a
orpaHnyaBaHe Ha naHgemwusaTa. ddPCR npeg-
CTaBNiiBa METOA 3a AUPEKTHO KOJMYECTBEHO
onpepensHe Ha BUPYcHMA ToBap. BaxHo npe-
anmcteo Ha ddPCR npepn qRTPCR e, ye He
M3MCKBa CTaHAAPTHU KannbpaLVoHHN KPUBY C
MONOXNUTENIHAa KOHTPONa 1 ce XxapakTepu3unpa ¢
Mo-HKCKa YyBCTBUTENHOCT KbM PCR MHX1GUTOPU
B MaTpuLaTa Ha npobata. MHOrobpoHU TekyLLm
n3cnefBaHuA, CpaBHABaWM TOYHOCTTa Ha RT-
PCR n ddPCR pa3kpugart, ue ddPCR ocurypsisa
MHOrO no-gobpa YyBCTBUTENIHOCT 3a Npobu ¢
HMCKO BMPYCHO HaTOBapBaHe (Manbk 6pol re-
HOMHM KOMKA) C OTHOCUTENTHO NO-HUCKM CTOMHO-
CTn B cpaBHeHue ¢ Te3n Ha RT-qPCR [18-22]. Ha-
npumep, Lui n cbTp. cpaBHABAT YyBCTBUTEN-
HocTTa Ha RT-qPCR n ddPCR ¢ nomouita Ha 8
KoMMeKTa npanmep-coHAa M YCTaHOBABAT, e
HUTO efH OT HabopuTe, n3nonseaHu B RT-qPCR,
He MOXe 3HAauUMUTEeNIHO Ja Pa3rpaHuyn UCTUHC-
KUTe HEraTUBHU 1 MOJIOXUTENHUN NPOOY C HACKO
BMPYCHO HaTOBapBaHe (pa3pexpgaHe 10-4), no-
kato ddPCR noctura 3HauntenHo no-gobpa ge-
TekumA npu cblymTe ycnosusa [20].

Opyrn MonekynsapHO-6MONIOrMYHN MeToaN,
6a3vpaHn Ha naeHTUdUKaLMATa Ha BUpPYCHA
HyKfenHoBa KucenuHa, sBkntouysat RT-LAMP
(loop mediated isothermal amplification), 6a3u-
paHa Ha CRISPR LAMP (DETECTR), mNGS (RNA
MeTareHOMHO CEKBEHUPaHe OT c/lefBalLlo NoKo-
nexue) n gp. Komnanusta Abbot paspa6otu ID
NOW POC nnatdopmaTa 3a COVID-19, KosiTo ce
OCHOBaBa Ha MPVYMKOBO MefinvipaHa u3oTepmarn-
Ha amnIMduKaLmsa 1 UMa Hal-KpaTKoTO Bpeme
3a N3NbJIHEHUe cpepf paspelweHnte ot FDA
AVArHOCTUYHU npogyktu [23]. KombuHauusa
mexay LAMP metopa u 6asunpaHata Ha CRISPR

Virology, Universitatsmedizin Berlin, and Hong
Kong University. The results showed that all sets
detected SARS-CoV-2 at 500 viral RNA copies per
reaction. Only the RARp-SARSr (RNA-dependent
RNA polymerase) confirmatory primer—probe
sethad low sensitivity [16].

It is well known and laboratory proven that
samples with low viral load are often misdiagno-
sed as false-negative [18, 19]. Recently, as men-
tioned in the introduction, the problem with the
inaccuracy leading to 1-2% of false-negative
results of gRTPCR becomes increasingly critical
as the number of infected people increases. It
not only compromises the timely diagnosis and
early treatment but also contributes to increased
transmission as far as the person with false-
negative results which is considered negative
and not contagious continuesto shed virus parti-
cles in the society [20]. The new droplet digital
PCR (ddPCR) technique can drastically reduce
false-negative gRTPCR results, thus contributing
to limiting the pandemic. ddPCR represents
endpoint amplification for direct quantification
of viral load. An important advantage of ddPCR
over gRTPCR is that it does not require standard
calibration curves with the positive control and is
characterized by a lower susceptibility to PCR
inhibitors in the sample matrix. Numerous cur-
rent studies comparing the accuracy of qRTPCR
and ddPCR revealed that ddPCR provides much
better sensitivity for low viral load samples with
relatively lower background readouts qRTPCR
[18-22]. For example, Lui et al. compared the
sensitivity of gRTPCR and ddPCR using 8 primer-
probe sets and found out that none of the sets
used in qRTPCR could significantly distinguish
true negatives and positives with low viral load
(10—4dilution), whereas ddPCR achieved a signi-
ficantly better performance under the same
conditions[20].

Other molecular biology methods based on
the viral nucleic acid identification includes RT-
LAMP (loop-mediated isothermal amplification),
CRISPR-based LAMP (DETECTR), mNGS (RNA
metagenomic next generation sequencing), etc.
The company Abbot has developed an ID NOW
POC platform for COVID-19 which is based on
loop-mediated isothermal amplification and has
the shortest turnaround time among FDA-
authorized diagnostic products [23]. A combina-
tion of LAMP and CRISPR-based diagnostics
suggested that Cas12 bystander nuclease activa-
tion by amplicon targeting ribonucleoprotein
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HOBW AVATHOCTUYHIA NOAXOAK
N TAXHOTO Bb3ZEMCTBIE BHPXY
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ArarHocTuKa npegnonara, ye Cas12 aktmBrpaHe
Ha HyKfiea3aTta ype3 pUOOHYKNIeONpPOTEUHOBH
KOMMJIEKCU HACOYEHM KbM aMIMJIMKOHA, NONyYeH
cnep LAMP peakuusaTa, MoXe aa 6bae no-6bpsa
1 eBTVHa anTepHaTnBa Ha RT-qPCR, 6e3 ga ce Ha-
MansABa YyBCTBUTENHOCTTA M cneumdryHoOCTTa
[24]. N Hakpas, HO He Ha NocnegHo MACTO, Me-
TareHOMHUAT aHasM3 CbLLO HAMePU CBOETO MAC-
TO cpef MeToauTe 3a MONeKynApHa AMarHoc-
TUKa, KOUTO 65Xa U3MOoN3BaHM B MPOYYBaHUA 3a
onpefenAaHe Ha yecToTaTa Ha anTepPHATUBHMU
BUPYCHU MHeKUUn npu nscnefnBaHu oTpu-
uatenHm 3a SARS-CoV-2 gRTPCR nmauueHTn un
BUpYcHU KouHbekumm npu SARS-CoV-RT-qPCR
nonoXuTenHn nuamemugmn [25]. Mpes toHn 2020 T.
FDA npepgoctaBu paspeLlleHume 3a cnelHa ynot-
peba (EUA) Ha lllumina NGS (next generation
sequencing) Tect 3a COVID-19, KoeTo e NbpBOTO
nofobHO pa3pelleHVe 3a AMArHOCTMKa Ypes
NGS. Tectbtr COVIDSeq moxe ga ce Npuioxu 3a
CKPUHUHT € ronsam obem npobu, KaTo ce oyakBa
HapacTBaLLo TbpceHe oT centempu 2020 rogu-
Ha [26].

Ceponio2uyHa OuazHOCMUKa Ha UH(heKYus-
macecSARS-CoV-2

CeponornyHnTe UMyHOAHaNM3n 3a UHOeK-
uma ¢ COVID-19 npenctaBnsiBaT TectoBe, Oa-
3UpaHn Ha aHTUTeNa, KOWUTO Ca NpefHa3HauYeHu
Ja v3mepBaT MIMYHHMA OTFOBOP Ha roctonpu-
eMHMKa cpely MHpeKTUpawmnTe natoreHn. B
HacToAWaTa NaHAEMMYHa CUTYaUma Te Morart Ja
ocurypaT 6bp3 pesynTart, noseseH 3a agantmpa-
He Ha KapaHTUHHUTE MepPKY (eNaeMMoNIorMyHM
Lenu), oLeHKa Ha BakCMHanHMA OTTOBOP 1 OLeH-
Ka Ha peKoHBasecLeHTHaTa JOHOpPHa nna3ma
[27, 28]. MNMoHakora pe3syntatnte oT qPCR Ha
npoobuTe OT rOpHUTE ANXATENHY MbTHLLA OCTaBaT
OTpULaTeNHN, BbMNPEKN PEHTreHONOornYHuTe
JaHHU 3a NHeBMOHWUA. MNpUUnHATE ca pasnnyHu
1 MOraT a BKJIOUBaT HNCKO BMPYCHO HaToOBap-
BaHe, TEXHUYECKM NPobemMu C TeCTOBETE, HNCKO
KauecTBO Ha mpobaTa u Ap. B TakmBa cnyvam
CEepONOrMyHNTE TECTOBE MOraT a CMOMOrHaT 3a
npeofonABaHe Ha Bb3MOXKHWUTE HECHOTBETCT-
BMA MeXAy CWIHO npegnoniaraemarta KnvMH1WYHa
N PEHTreHONOrMYHa Haxofka 1 oTpuLuaTenHua
RT-gPCR TecT, u noctaBAHeETO Ha npaBuHaTa
anarHosa [13, 29, 30]. Te ce pa3BmBaT MHOro
6bp30 Npe3 nocsiefHNTe MeceL U B MOMEHTa OT
FDA ca onobpeHu okono 55 ceponiornyHm Tecta
[31]. Te3n TecToBe obave He ce NpenopbYBAT 3a
naeHTUdMLUMpaHe Ha aKTUBHU cilyyam Ha SARS-
CoV-2 [6] nopaan orpaHnyeHaTa UM YyBCTBUTEN-
HOCT B paHHaTa ¢a3a Ha UHeKumATa, JOKaTo
UMYHHUAT OTFOBOP Ha rOCTONMPUEMHMKA BCE OLLe
ce nsrpaxga [30]. None3HocTTa UM 3a CKPUHWNHT
Ha acMMNTOMATMYHM MAUMEHTU CbLUO OCTaBa
HeAcHa [28].

MybnunkyBaHW OaHHM pa3KpuBaT, Ye Npoms-
BOZCTBOTO Ha aHTUTeNa oT knacosete lgM nlgGe
cnyyanm Ha COVID-19 3anouBa egHa cegmumua
cnepl HayanoTto Ha uMHdekumATa, NpU KoeTo
OTKpMBaemMuTe TUTPU ce JOCTUraT 0OMKHOBEHO
npes BTopaTta ceamuua [27, 30-33]. Mpwn HAKOM
nauveHT e HabnogasaH 3abaBeH aHTUTANIOB

complexes following the LAMP reaction could be
a faster and cheaper alternative to qRT-PCR
without sacrificing sensitivity/specificity [24].
Last, but not least the metagenomic analysis has
also found its place among the molecular diag-
nostic tools which was used in a study to deter-
mine the frequencies of alternative viral infecti-
onsin SARS-CoV-2 gRTPCR negative patients un-
der investigation and viral co-infections in SARS-
CoV-gqRTPCR positive individuals [25]. In June
2020, FDA granted Emergency Use Authoriza-
tion (EUA) approved for lllumina's next-genera-
tion sequencing (NGS) test for COVID-19, which
is the first such authorization foran NGS diagnos-
tic. The COVIDSeq test can be applied for high-
volume screening, anticipating the increasing
demand ince September2020[26].

Serological Testing for Diagnosis of SARS-
CoV-2Infection

Serological immunoassays for COVID-19 in-
fection represent antibody-based tests intended
to measure the protective host immune respon-
se against the invading pathogens. In the current
pandemic situation, they may provide a quick
result useful for adaptation of quarantine measu-
res (epidemiological purposes), assessment of
vaccination responses, and evaluation of conval-
escent donor plasma [27, 28]. Sometimes qPCR
results from upper respiratory tract samples
remain negative despite radiological findings for
pneumonia. The reasons are different and could
include low viral load, technical problems with
the tests, low quality of the sample, etc. In such
cases, serological assays may help to solve possi-
ble discrepancies between a highly suggestive
clinical and radiological presentation and nega-
tive RT-PCR and make the right diagnosis [13, 29,
30]. They are being very rapidly developed du-
ring the last months and currently, around 55
serological assays are approved by the FDA [31].
However, they are not recommended for the
identification of active cases of SARS-CoV-2 [6]
because of limited sensitivity in the early phase
of the infection while the immune response of
the host is still building [30]. Their usefulness for
screening asymptomatic patients remains also
unclear[28].

Published data revealed that production of
IgM and IgG in the case of COVID-19 starts one
week after the beginning of the infection where-
by detectable levels are usually reached in the
second week [27, 30-33]. Delayed antibody res-
ponse against SARS-CoV-2 has been observed in
some patients as proven previously also for



otroBop cpetly SARS-CoV-2, KakTo 6e foKa3zaHo
no-paHo 1 3a MERS-CoV [34]. MNoBeueTo TeKyLn
CeposiorMyHM TeCTOBE Ce XapaKTepusumpar C
noeeye oT 98% cneynduYHOCT N YyBCTBUTEN-
HocT [31]. EAHO OT MbpBUTE CEPONOTUYHM
n3cnefBaHuA, nposegeHo B Kutam ot Xiang u
cbTp. [35] paskpumBa, ye lgM nlgG ELISA ca mHoro
cneundryHU 1 MoraT Aa ce npwunarat 3a cepo-
AvarHoctuka Ha COVID-19 3aegHo ¢ gpyru meTto-
an. CbwoTto e gokasaHo ot Pieri n cbTp. [29].
ABTOpMUTE NOKasBaT, Ye YyBCTBUTENHOCTTA U
cneundrUYHOCTTa ca CboTBETHO 87,5% 11 100% 3a
IgM 1 70,8% pecn. 96,6% 3a IgG npu CbMHeHMA
3a vHobekumna. OcobeHO BaXKHO 3a creunduny-
HOCTTa Ha CepONIOrMYHNTE aHaNM3M e InncaTa Ha
KpbCTOCaHa PeakTUBHOCT MexAy aHTuTenaTta
CpeLly BMPYCK OT €4HO M CbLLO WA OT Pa3fiNyHU
cemencrtsa [30]. YoBeluKnTe KOPOHaBNPYCH MO-
Ka3BaT NPWINKKX MO OTHOLLEHME Ha aHTUTeNaTa,
KaTo To3u npobsiem mMoxe Aa 6bhe pa3pelleH
ypes AOMbHUTENHO M3BbPLUBAHE Ha TeCT 3a
HeyTpann3auma Ha BUpYca, KakTo belle npeano-
»eHo ot C30 npe3 2004 r. no Bpeme Ha enuge-
muATa oT SARS-CoV [36]. HanuuHnTe ogobpeHn
TeCTOBe 3a aHTWTeNa Ce OCHOBaBaT Ha OTKPKBa-
HEeTO Ha aHTWTeNa, HaCoOYeHN cpeLly ABa OCHOB-
HW NpoTerHa Ha MOBbPXHOCTTa Ha Bupyca SARS-
CoV-2 - HykneonpotenHoBua (N) npotenH u
spike (S) npotenHa. M3non3saHnuTe meTogono-
rmyHu nnatdopmu ca npeaumHo ELISA (eH3nmHOo
CBbP3aHU UMYyHOCOPOEHTHU aHanu3u), ECLIA
(eNeKTPOXEMUNYMUHECLIEHTEH MYHOAHaNn3) n
CLIA (xeMynymMUHeCLeHTEH UMyHOaHaNMs), pas-
paboTeHN OT pa3nnYHUTE KOMNaHWK 3a OTKPBa-
He Ha aHTKU-SARS-CoV-2 aHTuTena. Te3n aHanu3n
ca no-HafiexxaHu oT 6bp3rTe aHTUTEHHY TeCToBe
(B>k. CnepBaliaTta TOUKa) M MpepnoyYmTaHn [o
n3pectHa cteneH npep RT-qPCR TexHukarta,
npeasua Ha ob6CTOATENCTBOTO, Ye TA M3NCKBa
BMCOKO CreLuanv3upaHu nabopatopum u cne-
uuanuctu [27]. Te obaye Bce olle He ca agek-
BaTHO OLEHEHU U Ca MO-MaJiIKko YyBCTBUTENHU OT
RT-qPCR; eto 3awo NIH (National Institute of
Health, USA) He npenopbuBa Te fa ce n3non3sat
3a AnarHocTtuka Ha COVID-19 [6]. U3cnepBaHeTo
Ha Pieri n cbTp. [29] cpaBHABa YUyBCTBMTEIHOCTTA
M cneundUUYHOCTTa Ha YeTUPW HaNUYHU B
TbProBcKaTa Mpexa 1 olo6peHm KnTa U JEeMOH-
cTpunpa, Ye kakTo CLIA, Taka n ELISA aHanu3uTe
MMaT onTUMasnHa cneundryHoOCT 1 YyBCTBUTEN-
HocT. TectbT ECLIA, TecTBaH B CbLOTO MPOYU-
BaHe, € HaN-NoAXOAAL 338 CKPUHUHT 1 Ce XapakK-
Tepusmpa C OT/INYHA Bb3NPOU3BOAUMOCT U
HMCKa LieHa Ha eauHMYHa npoba. ABTopuTe Cb-
L0 TaKa yCTaHOBABaT, ye IgA aHTUTEeNnaTa, KouTo
ce oTKpumBaT no-paHo oT IgM 1 IgG, ca no-gobbp
BapWaHT 3a paHHa AnarHocTurka. IlgG aHTuTenaTta
morart fia 6bJaT 13Mon3BaHN 3a NOTBbPXKAEHUE,
[JOKONKOTO Te NpoAb/ixKasaT fa nepcuctnpat no-
Abnro ot IgM 1 ca HannMyHN B NO-BUCOKN TUTPU
[29]. Hakonko ppyrn npoyyBaHWA MOTBbPK-
[JaBaT, Ye BCUYKU BapUaHTN Ha CEpPOSNIOrnYHMK
nscneaBaHus 6uxa pabotunu gobpe 3a enupe-
MUONOrNYHK Lenn (NpoyyBaHUA 3a cepopas-
NPOCTPaHeHMe), HO He 1 3a ANarHOCTMKa nopaaun
No-HMCKaTa YyBCTBUTENIHOCT B CPaBHeEHUE C

MERS-CoV [34]. Most current serological tests are
characterized by more than 98% specificity and
sensitivity [31]. One of the first studies on
serology conducted in China by Xiang et al. [35]
revealed that IgM and IgG ELISA are highly
specific and could be applied for serodiagnosis
of COVID-19 along with other methods. The
same was proven by Pieri et al. [29]. The authors
showed that sensitivity and specificity were
respectively 87.5% and 100% for IgM and 70.8%
& 96.6% for IgG in suspected cases. Especially
important for the specificity of the serological
assays is the lack of cross-reactivity between
antibodies against viruses from the same or
different families [30]. Human coronaviruses
show similarities concerning the antibodies
which problem can be solved by adding a virus
neutralization test as suggested by WHO in 2004
during the SARS-CoV epidemic [36]. The availa-
ble approved antibody tests are based on the
detection of antibodies directed against two
main proteins on the surface of the SARS-CoV-2
virus — the nucleoprotein (N) protein and the
spike (S) protein. The methodological platforms
used are mostly enzyme-linked immunosorbent
assays (ELISA), ECLIA (electrochemiluminescent
immunoassay), and CLIA (chemiluminescent
immunoassay) developed by the different com-
panies for the anti-SARS-CoV-2 antibody detec-
tion. These assays are more robust than the rapid
antigen tests (see next point) but as the gPCR
technique require highly specialized laborato-
ries and specialists [27]. They are still not adequa-
tely evaluated and less sensitive than the qPCR;
that's why NIH recommends against their use for
diagnosis of COVID-19 [6]. The study of Pieri et al.
[29] compared the sensitivity and specificity of
four commercially available and approved assays
and demonstrated that both CLIA and ELISA
assays have optimal specificity and sensitivity.
The ECLIA assay tested in the same study was
best for screening being characterized by
excellent performance and low cost per single
sample. The authors found as well that IgA
antibodies which are detected earlier than IgM
and IgG are a better option for early diagnosis.
IgG antibodies could be used for confirmation as
farastheylastlongerthanlgMand are presented
at a higher level [29]. Several other studies
confirmed that all variants would work well for
epidemiological purposes (seroprevalence stu-
dies) but not for diagnostics due to the lower
sensitivity compared to molecular tests [27, 28,
30, 32]. As for now, according to the NIH guide-
lines, serological tests should not be used to
make decisions about grouping of persons in
schools, dormitories, correctional facilities) or to
determine whether employees should return to
the workplace.
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MonekynsapHuTe TectoBe [27, 28, 30, 32]. MoHa-
cToALleM, cbrnacHo HacokuTe Ha NIH, cepono-
rMYHKTE TeCTOBE He TPAbBa Aa ce U3MoN3BaT 3a
B3eMaHe Ha peLleHnA OTHOCHO MePKUTE 3a Ninua
B yUMNIMILLQ, OOLLEXNTIA, MONPaBUTENHN 3aBefie-
HUA) UK 3a onpefenaHe Janu CIayXuTenute
TpsI6Ba fja ce BbpHAT Ha paboTHOTO MACTO.

AHmuzeHeH mecm 3a duazHocmuka

HauHgpekyus cec SARS-CoV-2

[MaHenbT OTHOCHO HacoKUTe 3a NleyeHne Ha
COVID-19 Ha NIH npenopbyBa aHTUIeHHUAT TeCT
[a ce N3non3Ba 3ae4Ho C MONEKYNAPHN aHann3mn
3a AMarHocTuuMpaHe Ha ocTpa MHobeKumsa cbc
SARS-CoV-2 [6]. Te3n TecToBe Ca BanugupaHu n
ce cumTaT 3a 6bp3U 1 eBTVHK, AaBallmn pe3ynTaT
3a no-manko ot 30 MUHYTU. Kbm 26 HoemBpHU
2020 r. yeTUpUHaZeceT TecTa ca N3bpoeHn BbB
Bepcma 19 Ha CnncbKa Ha AMarHOCTUYHUTE Tec-
TOBU KuTa 1 obopyasaHe 3a SARS-CoV-2, gony-
CTVMM 3a ynoTpeba cbrnacHo PelweHmneTo Ha Cob-
BeTa 3a JOMbHUTENHa NoAKpena 3a oTroBopute
Ha abpxaBute kKbm COVID-19 (GF/B42/EDP11)
[37]. MonoxutenHuTe pe3yntaTi oOMKHOBEHO Ca
MHOTO TOYHU, HO OTpULATENHNTE pe3ynTaTi MO-
e fa ce HanoXm fa 6baT NoTBbPAEHN C Mone-
KynapeH Tect [31]. MyweHuTe 3a OTKpMBaHe ca
BUIPYCHU MPOTENHM KaTo OOBMBKa, HyKneoKarn-
CUg, peuenTop-CBbpP3BaLLMAT AoMeNH Ha Cnalk
npotenHa u ap. [38, 39]. BupycHuTe aHTUreHn ot
npobata ce CBbP3BaT AUPEKTHO CbC Ccrneunpuy-
HW aHTWTENa, UMOOUNIN3UPaAHN BbPXY Pa3fiMyHM
NOBBPXHOCTU Ha KNTA, U OTKPMBAHETO Ha NOJOo-
XKUTENHa peakuma € ONTUYeCKN 1nm ¢ nomoLlTa
Ha dnyopecueHUnA, XeMUNyMUHecLeHL A,
€NeKTPOXNMUYHWN, MarHUTHU WA NNa3mMeHun pe-
30HaHCHU TexHuKK [1]. Ham-yecto cpeljaHute
METOA0IONMYHM MAAaTGOpPMK ca MMyHOAHaNM3u
CbC CTpaHu4eH nNoTok (LFI) kato dnyopecueHLma
U MMYHOXPOMaTorpadCKy aHanmsm cbe 31aTo
[40, 41] n CLIA [42]. Pa3paboTBaT ce Cblyo
VUMYHOXUCTOXUMWUYHN U in Situ xnbprgmnsauu-
OHHW aHanM3u 3a OTKPMBAHE Ha aHTUreHU B
TbKaHW OT nauneHTn, 3acerHat ot SARS-CoV-2
[43], TbI1 KaTO Te ca OT pellaBallo 3HaYeHue 3a
AVNArHOCTUYHM Lienn B KNMHMYHa 0OCTaHOBKa U
3a no-fobpoTo onpefensaHe Ha HayanoTo Ha
MHbeKumATa.

CbrnacHo nocnegHute npenopbky Ha CDC,
aHTUreHHUTe TeCcToBe MoraT fJa ce npwunarat 3a
AvarHocTka Ha SARS-CoV-2 B M3BbHIabopa-
TOpHU ycnoBus. Te ce uanbiHABaT 6bP30, KOETO
€ OT pellaBallo 3HayeHue 3a ngeHTuduLMpa-
HeTo Ha SARS-CoV-2 nHoekumsa n 6bp30To Npu-
naraHe Ha cTpaTermm 3a HeMHOTO NpeaoTBpaTA-
BaHe 1 KOHTpos. Tesn TectoBe moraT Aa umaT
NMPOrHO3Ha CTOMHOCT, 0COGEHO B CUTYaLK, MpK
KOWTO KanauuTeTbT 3a TecTBaHe Ha RT-qPCR e
OrpaHuWyeH nnn pesyntaTite OT TeCTBaHETO ce
3a6aBAT (Hanp. >48 yaca). /I3BecTHUTE pocera
aHTUreHHN TeCcTOBe MMAaT MO-HUCKa YYBCTBU-
TEJIHOCT, HO CXOfHa CneundprUYHOCT 3a OTKpUBa-
He Ha SARS-CoV-2 aHTuUreHu B CpaBHeHue C
TectoBeTe 3a RT-qPCR. Tbin KaTto uyBCTBUTEN-
HOCTTa Ha aHTUTeHHNTE TeCTOBE OOUKHOBEHO e

Antigen Testing for Diagnosis

of SARS-CoV-2 Infection

The COVID-19 Treatment Guidelines Panel
(the Panel) of NIH recommends that an antigen
test can bealso used along with molecularassays
to diagnose acute SARS-CoV-2 infection [6].
These tests are well-validated and are considered
for rapid inexpensive diagnosis which gives
results for less than 30 minutes. As of November
26,2020, fourteen tests are listed in Version 19 of
the List of SARS-CoV-2 Diagnostic test kits and
equipments eligible for procurement according
to Board Decision on Additional Support for
Country Responses to COVID-19 (GF/B42/EDP
11) [37]. Positive results are usually highly accu-
rate but negative results may need to be
confirmed with a molecular test [31]. Detection
targets are viral proteins such as envelope,
nucleocapsid, the receptor-binding domain of
the Spike protein, etc. [38, 39]. The viral antigens
from the sample bind directly to specific
antibodies immobilized on layers within the test
and the detection of a positive reaction occur
optically or using fluorescence, chemilumine-
scence, electrochemical, magnetic, or plasmon
resonance-based techniques [1]. The most com-
mon methodological platforms are lateral flow
immunoassays (LFI) such as fluorescence or gold
immunochromatographic assays [40, 41] and
CLIA [42]. Immunohistochemical and in situ hyb-
ridization assays for antigen detection in tissues
from patients affected by SARS-CoV-2 are also
being developed [43] because they are crucial
for diagnostic purposes in a clinical setting and
to better understand the onset of the infection.

According to the last recommendations of
CDC, antigen tests may be applied as point-of-
care (POC) diagnostics for SARS-CoV-2. They
have a rapid turnaround time, which is critical to
the identification of SARS-CoV-2 infection and
rapid implementation of infection prevention
and control strategies. These tests could have
predictive value, especially in settings where RT-
PCR testing capacity is limited or testing results
are delayed (e.g., >48 hours). In general, these
POC antigen tests have a lower sensitivity, but
similar specificity for detecting SARS-CoV-2 anti-
gens compared to reverse-transcriptase poly-
merase chain reaction (RT-PCR) tests. As the
sensitivity of antigen testsis generally lower than
RT-PCR, FDA EUA recommends that negative
POC antigen tests be considered presumptive.



no-Hucka ot RT-qPCR, FDA EUA npenopbuBa oT-
puLaTeNHNTe aHTUIeHHM TeCTOBe Ja Ce cYmTaT 3a
npegnonaraemu. KnMHNYHUAT NepcoHan B CTap-
yeckuTe JoMOBe TPsAbBa a B3eme nNpeaBus Kora
MO>Ke a ce Hanoxm norebpxaasawo RT-qPCR
TeCcTBaHe Mpeaun B3eMaHe Ha K/VHWYHU peLle-
HWUA, HAaCTaHABaHe Ha oOMTaTeNn WM U3KITIOY-
BaHe Ha uJieHoBe OT nepcoHana oT paboTa. Mpwu
TbAKyBaHe Ha pe3yntaTuTe OT aHTUreHHUTe Tec-
ToBe TpAbBa fa ce MMaT NpeaBuU KakTo Xapak-
TEPUCTUKNTE Ha TeCTa, Taka N BEPOATHOCTTa OT
Bb3HUKBaHE Ha MHbeKuuMA, onpedeneHa cnep
ennaemMmnosiornyHo NpoyyBaHe.

B3etn 3aegHo, TectoBeTe 3a 6bP30 OTKPU-
BaHe Ha aHTVreH Ca OT/INYEH BapuaHT 3a 6bp30
MaCOBO TeCTBaHe Ha XOpa, HO JOKOJIKOTO Te MMaT
no-Hucka vyscteutenHoct ot RT-qPCR, Te morat
[a 6bJaT Nosie3Hu rMaBHO Mo BpeMe Ha TeKylla
envaemus, 0Co6eHO Ha NTeTULLA U TPAHUYHU KOH-
TPONHO-MNPOMNYCKaTeNHW NYHKTOBE, KOraTo HAMA
[OCTBM A0 YyBCTBUTENTHW MOSIEKYIAPHW METOAM.
M3cneaBaHuA, cpaBHABALLM YyBCTBUTENHOCTTA
Ha Te3n MeTOAM, MOKa3BaT, e TA Bapupa mexay
16 1 95%, Hal-Beye B 3aBMCMMOCT OT BUPYCHUA
ToBap (cTorHocTTa Ha RT-qPCR Ct TpsibBa fa 6b-
e noseuye ot 25,1, 3a fa ce ocurypu Busyanumsa-
umMs C 6bp3ust aHTUreHeH TecT) [1]. OTpuuaten-
HUTe pe3ynTaTn obaye TPAOBA fa Ce ThIIKYBaT OT
MeAVLMHCKMA CMeLmnanncT Bb3 OCHOBA U Ha KNi-
HWYHa npeueHKa [6]. OrpaHnyeHne npu U3nNons-
BAHETO Ha TO3W TECT Ca HUCKMTE BUPYCHU HaToO-
BapBaHWA (pecn. KOHLEHTpaLMA Ha aHTUreHa),
KOWUTO BapupaTt npu OTAENHWA YOBEeK U Ca B
3aBMCUMOCT 1 OT HauMHa Ha B3eMaHe Ha npobuTe
[34].

O6pa3Ha AnarHocTuka

MNonnmepasHaTa BepUXKHa peakLuus B peasnHo
Bpeme ¢ obpatHa TpaHckpunTtasa (RT-qPCR) n
KoMMoTbpHaTa ToMmorpadumsa Ha rpbAHMA KoL
(KT) ca ocHOBHUTE paunoOHanHW AUArHOCTUYHM
noaxofn Ha KopoHaBupycHata 6onect COVID-
19. Bce ole obaye HAMa KOHCEHCYC KO OT Te3un
MeToau npeBb3xoxkaa ApyrudA. CnepgoBaTesiHo,
Hossein et al. npoBexgat meTa-aHanus, npeg-
Ha3HayeH Ja OTroBopu Ha Bbnpoca ganu KT
MO>Ke [la Ce 13Mon3Ba 3a AnarHoctmka Ha COVID-
19, unu He [44]. EgHOBpemMeHHOTO HabnopeHve
Ha ,Henpo3payHO MaTOBO CTbKNO" 1 ApYrn xa-
PaKTEPUCTUKM Ha BUPYCHa NHeBMOHMA npu KT
n3cnegBaHe AaBa ONTMMANHW MHAWKALMK 3a
oTKpmBaHe Ha COVID-19. MpenopbyBa ce obaye
NnocTaBAHETO Ha OKOHuYaTenHaTa AuarHosa fJa
6bae Bb3 ocHoBa Ha KT ckaHupaHe n RT-qPCR,
Tbi KaTO HATO €AUH OT ABaTa ANAarHOCTUYHN Me-
TOJa He e JOCTaTbYHO HafeXeH cam 3a cebe cu.

BaxHo e pa ce otkpue COVID-19 Bb3MOXHO
Han-6bP30 1 TOYHO C Orfef NPOBEXIAHETO Ha
afleKBaTeH KOHTPOJ1 Ha pa3npoCTPaHEeHMETO Ha
60s1eCTTa 1 IeUEHMETO Ha NauueHTuTe. Bbnpekn
ye RT-gPCR e Bce ole ocHOBeH MeToq 3a Amar-
HocTuyupaHe Ha COVID-19, yyBCcTBUTENHOCTTA
Ha RT-gPCR He e 4oCTaTbyHO BMCOKa B CllyyaunTe
Ha HWCKO BMPYCHO HATOBapBaHe, HalM4yHO B
TecToBuTe Npobu 1 e Bb3MOXKHa nabopaTtopHa
rpewka. OcBeH ToBa NpeanaraHeTo Ha KUTOBE 3a

Clinical staff in nursing homes should consider
when confirmatory RT-PCR testing might be
needed prior to making clinical decisions, co-
horting residents, or excluding HCP from work.
When interpreting the results of antigen tests,
test characteristics and the probability of infec-
tion should be considered.

Taken together, rapid antigen detection
based tests are an excellent option for rapid
mass-testing of people but as far as they have
lower sensitivity than qPCR, they may be useful
mainly during an on-going outbreak, especially
atairports and border checkpoints when there is
no access to sensitive molecular assays. Studies
comparing the sensitivity of these assays de-
monstrated that it varied between 16 and 95%
mostly depending on the viral load (qPCR Ct
value should be more than 25.1 to ensure visua-
lization with a rapid antigen test) [1]. The nega-
tive results should be interpreted by a medical
professional based on clinical judgment [6].
Limitations in the use of these tests are the low
viral load varying from person to person and the
sampling variability [34].

Diagnosticimaging

Real-time polymerase chain reaction (RT-
PCR) and chest computed tomography (CT) scan
are considered to be the main diagnostic moda-
lities of coronavirus disease 2019 (COVID-19).
However, there is still no consensus on which of
these methods is superior to the other.Therefore,
Hossein et al. performed a meta-analysis to
answer the question of whether a CT scan could
be used for the diagnosis of COVID-19 or not [44].
The data collected from simultaneous obser-
vation of ground glass opacity and other features
of viral pneumonia in CT scan proved that this
method has optimum performance in the detec-
tion of COVID-19.However, it was suggested that
the final diagnosis is based on both CT scan and
RT-PCR, as none of the two diagnostic modalities
arereliablealone.

It is important to detect COVID-19 as quickly
and accurately as possible for controlling the
spread of the disease and treating patients. Even
though the reverse transcription-polymerase
chainreaction (RT-PCR) is still the ground truth of
COVID-19 diagnosis, the sensitivity of RT-PCR is
not high enough for low viral load present in test
specimens or laboratory error. In addition, the
supply of kits of RT-PCR varies from place to place
and some developing countries are in short
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RT-qPCR Bapupa 3a pasnuuyHuTe reorpadpckm
pPaoHU, a HAKOW pa3BUBALLM Ce CTPAHW [OPU He
pa3nonarat C TakuBa. B pe3ynrtat Ha ToBa HAKOM
CTpaHu 13nonssBaT obpasHa AMArHOCTMKA Ha
rpbaHUA Kow, Kato KT Ha rpbOHUA KO Wnun
peHTreHoBa CHMMKa Ha rpbaHusa kow (CXR) kaTto
WHCTPYMEHTU 3a U3csiefiBaHe Ha MbpBa JINHNA U
yrnpaBneHneTo Ha nauueHtu [4, 5]. ObpasHuTe
n3cnenBaHusa, ocobeHo KT, Mmoxe ga nokaxe
paHHM ne3nn B 6enna apob 1 ako 6bae gmarHoc-
TUUMpPaH OT OMUTHW PEHTIEHONO3M, MOXe fia ce
NOCTUTHE BMCOKa YyBCTBMTENHOCT. B gonbn-
HeHune, 06pasHNTE TEXHONOMMN Ha FPbAEH KOLL,
ocobeHo CXR, ca WMPOKO AOCTBMHN N UKOHO-
MUYHK. NoHacToAwem guarHocTmkata ypes KT
Ha rPbAHMA KOL 3aBXCY OT BU3yaiHaTa Haxo4Ka,
VHTEpPNpeTMpPaHa OT PEHTreHoNI03UTe, KOATO
1ma HAakou npobnemu. MbpBo, KT Ha rpbheH KoL
CbAbprKa CTOTULM CPE30BE, KOETO OTHEMA MHO-
ro Bpeme 3a AnarHocTmumpaHe. Ha BTopo MACTO,
COVID-19, kaTo HoBO 6enoapobHo 3abonaBaHe,
1MMa nofoOHV NPOABK C pas3fiyHN BUAOBE NHEB-
MOHWUW [6]. PeHTreHono3uTe Tpabsa Aa HaTpynat
MHoro KT guarHocTtnuyeH onuT, 3a Aa NOCTUrHaT
BMCOKa AMArHOCTUYHA epeKTUBHOCT, 0COOEHO
npu andepeHUmpaHe Ha nogobHY 3abonsBaHus.
COVID-19 Bce olle moxe Aa 6bae 3amniaxa 3a
ObNro Bpeme, Tb KaTo CMTyaumsaTa B HAKOM
CTpaHn He e onTuMncTyHa. Ako COVID-19 n
rpUNLT M30yXHaT 3ae1HO, KOETO € Bb3MOXHO, Ha-
ToBapBaHeTo ¢ KT AmarHocTrka BepOATHO Lie
6bae paney Hag 6posi Ha KBanuouuMpaHuTe
peHTreHonosu [45].

CbrnacHo uscneaBaHuATa Ha Jin n cbaBT. [45],
6p0oAT Ha UHPEKLMO3HUTE NoJeTa ce NPOMEHSA C
Bb3PaACTTa, a CbLLO U ANArHOCTUYHaTa edpeKTUB-
HOCT. MoXe ia ce HanpaBu N3BOAA, Ye MiaguTe
XOpa MoraT Ja MmaT no-manka MHeKUno3Ha
30Ha, KOETO BOAM A0 MO-HUCKAa AMArHOCTMYHA
edekTBHOCT. Pe3yntatute 3a nogrpynute, pas-
JefleHn no noJ, nokaseaT Maska pasfinka B VH-
deKUMo3HNTe noneTa, HO CpefHUTe CTOMHOCTN
3a MbXKeTe Ca NO-BMCOKM OT Te3U 3a XeHuTe. ToBa
€ B CbOTBETCTBYME CbC 3aKoUeHnsaTa Ha Xiong n
CbTp. [46, 47], ye XeHWTe UmaT NO-BNCOK aHTU-
BMPYCEH MMYHUTET, OTKONIKOTO MbXeTe, Taka ue
[OpW 1 3a cncTema, 6asmpaHa Ha U3KYCTBEH WH-
TenleKT 3a KOMMTbpeH aHanu3 Ha KT pesyntatu,
€ No-TpyAHO Aa OTKpue AnarHoCTnyHu benesn B
KT npwu xeHunTe. Pesyntatute oT pasnnyHu etanm
NMoKa3BaT, Ye HaxoAKuTe Mpu TakaBa cUCTeMa
VIMaT Manka Kopenauua ¢ etanute Ha KT ckaHu-
paHeTo. CMBAHETO Ha OTAENHU eTann MOoXe
NeKo Aa Nofo6pu HaxXoaKuTe.

PenmeaeHozpacpusa Ha 2pvOeH kow (CXR)

CXR ce pasrnexpja CblL0 KaTo Bb3MOXEH Ha-
UMH 3a gnarHoctTuumpare Ha COVID-19. Cnopeg
¢wur. 2d n 6, CXR nma onpegeneHa AMarHoCTMYHA
CTOMHOCT, HO TA He € No-BMCcoKa oT Ta3n Ha KT. Jin
N CBTP. Ca MbPBUTE, KOUTO MPOYYBAT B CPaBHUTE-
neH acnekt KT n CXR nsobpaxeHuaTa B CABOEHa
KOXOPTa, KOETO MpaBu pe3ynTaTuTe OT CpaBHe-
HUeTo no-ybeanTtenHun. BaxxHo e, ye HaxopdKaTa
Ha CXR moxe pa 6bae nogueHeHa, Tbi KaTo
NIOKaNM3MpPaHOTO CKaHNPaHE e C JIOLIO KayecTBO

supply of it. As a result, some countries used
chest imaging, such as chest CT or chest x-ray
(CXR) as a first-line investigation and patient
management tools [4, 5]. Chest imaging, espe-
cially CT, can show early lesions in the lung and, if
diagnosed by experienced radiologists, can
achieve high sensitivity. In addition, chest ima-
ging technologies, especially CXR, are widely
available and economic. At present, the diagno-
sis of chest CT depends on the visual diagnosis of
radiologists, which creates some problems.
Firstly, the chest CT contains hundreds of slices,
which takes a long time to diagnose. Secondly,
COVID-19, as a new lung disease, has similar
manifestations with various types of pneumonia
[6]. Radiologists need to accumulate a lot of CT
diagnostic experience to achieve high diagnos-
tic performance, especially in differentiating
similar diseases. COVID-19 can still be a threat for
alongtimesince thessituationsin some countries
are not optimistic. If COVID-19 and influenza
were to break out together, which is possible, the
CT diagnosis workload would likely be far be-
yond the number of qualified radiologists [45].

According to the findings of Jin et al. [45], the
number of infectious slices was changed with
age, and the diagnostic performance was also
changed with age. Thus, the authors concluded
that young people might have a less infectious
area, resulting in lower diagnostic performance.
The results on the subsets divided by gender
showed little difference in infectious slices, but
the average area under the curve for men was
higher than that for women. This was consistent
with the conclusions of Xiong et al. that women
have higher antiviral immunity than men so that
it was harder even fora computer-based artificial
intelligence system to find out diagnostic clues
in CTs of women [46, 47]. The results of different
stages showed that the performance of such a
system had little correlation with the stages of CT
scans. The fusion of stages can slightly improve
the performances.

Chest X-ray (CXR)

CXR is also considered as a possible way to
diagnose COVID-19. According to Figs. 2d and 6,
CXR had diagnostic value though it was gene-
rally not better than CT. Jin et al. (2020) are the
first who compare CT and CXR performancesin a
paired cohort, which makes the comparison re-
sult more convincing. Importantly, the perfor-
mance of CXR might be underestimated because
localizer scans are of poor quality compared to
normal CXR. Nevertheless, localizer CXR might



B CpaBHeHue ¢ HopmanHoTo CXR. He3zaBucrmo
OT TOBa, nokanusmpaHata CXR moxe pa page
Hal-gobpurTe Bb3MOXHM JaHHU 3a CpaBHABaHe
Ha KT cpelyy CXR, Tbi1 KaTo MOHACTOALLEM HAMA
Habop OT AaHHU cbC caBoeHu KT n HopmaneH
CXR, 3acHeTn B MHOIO ManbK MHTepBan [45].

PeHTreHorpaduaTa Ha rpbAHMA KOLW e Nnoses-
Ha KaTo PEeHTreHONOrMYHO U3CneABaHe Ha Mbp-
Ba NIMHUA, 3a NpocneaBaHe 1 3a 6bp3a oLeHKa
Ha HAKoW 6enofpPOo6HN/TPBAHN CNELHN CbCTOo-
AHNA. TA e O6bp3a U NecHa 3a U3NbJIHEHVE U B
Ciyyar Ha HeoOXoAMMOCT MOXe [la Ce 3BBbPLUM C
nomoLita Ha NpeHoCcuMn cuctemu. FpbaHMAT
bunm e HeuyyBCTBUTENEH B HAUaNoTo Ha 3abons-
BaHeTo. CpaBHUTENEH aHanNn3 Ha PeHTreHorpa-
¢us Ha rpbaHus kow 1 KT nsobpaxkeHune pas-
KpKBa, Ye HeMpO3payHoOCTTa Ha,MaTOBO CTbK0”
B Ae€CHUA foneH nob Ha KT He ce BUXKaa Ha peHT-
reHorpadua Ha rPbAHUA KOLU, KOATO e Hanpase-
Ha 1 yac npeaun KT nscneasane [10]. CHUMKuTte
Ha rpbAHMA KO MoraT Aia 6baaT nonesHn npu
npocneaasaHe Ha 3abonAsaHeTo. MNpy NocTbn-
BaHe B GoNHMLATa peHTreHoBaTa HaxoAka Ha
rpbaHMA KoL e 6rna HopManHa. Yetrpwm gHM no-
KbCHO NaLNEHTbT € Ha MeXaHNYHa BEHTUALMNA 1
MMa [BYCTPaHHM YNAbTHEHNA Ha CHMMKaTa Ha
rPBbAHMNA KOLL.

KomniomsprHa momoepacpus

HazpwoeH kow (CT)

PaHHOTO oTKprBaHe Ha COVID-19 Ha 6a3aTa
Ha KT Ha rpbaeH Kow AaBa Bb3MOXKHOCT 3a
HaBPEMEHHO JleyeHne Ha NaLueHTUTe 1 NomMara
3a KOHTpONMpaHe Ha pa3npoCTpaHeHMeTo Ha
6onectta [45]. KT 6e3 KOHTpAcT MMa BMCOKa
UyBCTBUTENHOCT Npu naeHTudrLmMpaHe n Konu-
yecTBeHO onpefenaHe Ha 6enofpobHOTO na-
peHXUMHO 3acAraHe. Ta TpabBa fa ce U3BbPLLBA
Nnpu BCEKM MaUMeHT CbC 3acerHaT 6an apob u
NPUYNHEHa AnxaTeslHa HeAOCTaTbYHOCT. M3non-
3BaHeTO Ha KOHTPACT Ce NpenopbyBa CaMo Npu
cneundUYHN KNMHUYHK CNTyYau, KaTo Hanpumep
6enonpobHa embonua. Joknagbt 3a KT Ha
rpbAeH Kow TpsibBa Aa ce aHanM3upa 3aefHo C
OTFOBOPHUSA CMELnanncT No MHTEH3UBHO neve-
Hue. PonaTa Ha KT ce n3pa3sBa B: 1) npeaBux-
[laHe Ha BNOoLIaBalLLo Ce CbCTOAHNE; 2) NPeBUX-
ZaHe Ha nogobpeHue 1 3) pelaBaHe Ha Npobne-
MU, TpraxkbT Ha NaumeHTuTe e 1) Hama COVID-19;
2) Bb3MOXeH unn Han-seposateH COVID-19; 3)
TeXeCT Ha 3abonsABaHeTo.

Hskon nybnukyBaHu KIVHUYHU HACOKM Mnpe-
nopbyBaTt KT Ha rpbAHMA KOLW 3a NauneHTn CbC
CcbMHeHue 3a COVID-19. PeleHneTo 3a U3nons-
BaHe Ha KT 3a Tpuaxk 3aBUCK OT ClIefHUTE CbOo-
6parkeHunA: 1) anpuopy WaHC 3a MHbeKUMA C
COVID-19; 2) HaNMYHOCT Ha KOMMIOTbPEH TOMO-
rpad, HanpyMmep MOXe N eAuH KOMMTbpPeH
Tomorpad aa ce nnonsea 3a Corona-KT unu nma
KomntoTbpeH Tomorpad 6s130 4O CNELWHOTO OT-
feneHue; 3) KNMHWYHO NOJO3pPEHME NpY Nauu-
eHTu c oTpuuatenHa RT-PCR.

Haxookunpu KT
Mamoeo cmwvkno. ,Henpo3payHo MaToBO
ctbkno” (GGO) e Hal-yecTaTa Haxogka npwu

be the best possible data to compare CT against
CXR, since there is currently no dataset with
paired CT and normal CXR captured in a very
smallinterval [45].

Chest X-ray is useful as a first-line radiological
examination, for follow-up and a rapid assess-
ment of certain pulmonary/thoracic emergen-
cies. Quick and easy to perform; in case of neces-
sity, it can be performed using portable systems.
The chest filmisinsensitive early in the disease. A
comparative analysis of a chest radiograph and
CT image reveal that the ground glass opacities
in the right lower lobe on the CT are not visible
on the chest radiograph, which was taken 1 hour
prior to the CT-study [10]. Chest-films can be
useful in the follow-up of the disease. On admi-
ssion to the hospital, the chest film was normal.
Four days later the patient is on mechanical
ventilation and there are bilateral consolidations
onthechestfilm.

Chest computed tomography (CT)

Early detection of COVID-19 based on chest
CT enables timely treatment of patients and
helps control the spread of the disease [45]. The
CT without contrast has a high sensitivity in
identifying and quantifying lung parenchymal
involvement. It should be performed in every
patient affected by lung involvement causing
respiratory failure. The use of contrast is recom-
mended only in case of specific clinical questions
such as, for example, pulmonary embolism.
Chest CT report should be evaluated together
with the intensive care specialist in charge. The
role of CT is expressed in 1) Prediction of wor-
sening; 2) Prediction of improvement and 3)
Problem solver. The triage of patients is 1) no
COVID-19; 2) possible or most likely COVID-19; 3)
severity of the disease.

Some published clinical guidelines recom-
mend chest CT for patients with suspected
COVID-19. The decision to use CT for triage
depends on the following considerations: 1) a
priori chance of COVID-19 infection; 2) CT availa-
bility, forinstance, can one CT be used as Corona-
CT or is there a CT near the emergency room; 3)
clinical suspicion in patients with negative RT-
PCR.

FindingsinCT
Ground glass. Ground glass opacities (GGO)
pattern is the most common finding in COVID-19
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nHoekumm Ha COVID-19. Te 06MKHOBEHO Ca
MynTUdOKaNHW, ABYCTPaHHY 1 neprudepHu, HO B
paHHaTa ¢a3a Ha 3abonsiBaHeTo GGO Moxe fja ce
NPOABU KaTo yHNdOKasHa fie3ns, Hal-4ecTo fo-
Kanu3upaHa B fONHMA JI06 Ha AecHus 6an opob
[48] (Durypa 1).

Jlyoa Hacmusika (crazy paving). TloHsKora rmMa
yoebeneHn nHtepnobynapHu n nHTpanoby-
NapHU NNHUM B KOMOBUHALMA C y4yacTbK Ha He-
Npo3payHO MaToBO CTbKJO. ToBa ce Hapumua
JJyda HacTunka”. CmATa ce, Ye TO3M mogen ce
BU>KJ@ B MaJIKO MO-KbCeH eTarl.

Cwv008a ousnamayusg. TunMYyHa Haxogka B 06-
NacTTa Ha ,,MaTOBOTO CTbKJ0” € pa3wWwmnpaBaHETO
Ha cbpoBeTe (Durypa 1C, cTpenka).

TpakyuoHHU b6poHxuekmasuu. [lpyra 4ecTo cpe-
LL|aHa HaxoAKa B 30HUTE Ha,MaTOBOTO CTbK/0" ca
TPaKLUNOHHWTE OPOHXMEKTA3N (CTPENKN).
CybnnespasnHu neHmu u apxumeKkmypHO U3KpU-
gAgaHe. B HAKOM cnyyanm MMa apxXUTEKTYpPHO
N3KprBABaHe C 06pa3lyBaHETO Ha CybnneBpanHu
NEeHTN.

infections. They are usually multifocal, bilateral,
and peripheral, but in the early phase of the
disease, the GGO may present as a unifocal
lesion, most commonly located in the inferior
lobe of therightlung [48] (Figure 1).

Crazy paving. Sometimes there are thickened
interlobular and intralobular lines in combi-
nation with a ground opacities glass pattern. This
is called crazy paving. It is believed that this
patternisseeninasomewhat later stage.

Vascular dilatation. A typical finding in the area of
ground glass is the widening of the vessels
(Figure 1C, arrow).

Traction Bronchiectasis. Another common
finding in the areas of ground glass is traction
bronchiectasis (arrows).

Subpleural bands and Architectural distortion. In
some cases, there is architectural distortion with
the formation of subpleural bands.

Our. 1. 06uyaitnn Haxoaky npu KT Ha rpbAHMA KoL,

Pesynimam 3a yyacmue Ha KT e TexecTTa Ha
6enoapobHOTO 3acAraHe Ha KT, kKopenupalua ¢
TeXecTTa Ha 3abonaBaHeTo. TexkecTTa Ha KT mo-
e fa Obfie oLeHeHa Ypes BU3yasHa oLleHKa. To-
Ba € Hal-NIeCHUAT HAYMH A Ce OLEeHU TeXecTTa.
KT nsobpaxxeHunsaTa nokaseat 25% ydacTuve upes
BM3yasiHa OLleHKa.

OyeHkama 3a mexecm e [pPyr meTon 3a
aHanu3 uypes M3YMcnABaHe Ha NpoueHTUTe Ha
BCEKM OT NeTTe AAsa, KoMTo yyacTBar:
<5%yuvactue;
5%-25%yuacTtue;

26%-49% yuacTtue;

50%-75%yuacTtue;

>75%yuactue.

O6wmaT KT pe3ynTat e cymaTta OT OTAeNHMTe
nobapHu pe3ynTaTi 1 MoXe Aa Bapuvpa oT 0 (6e3
yyactue) fo 25 (MakCMManHo yyactume), Korato
BCMUKMTe neT noba nokaseaT noseye oT 75%
yyacTue.

ik whN =
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Fig. 1. Common findings in chest CT.

CTinvolvementscoreis the severity of the lung
involvement on the CT correlates with the
severity of the disease. The severity of CT can be
estimated by visual assessment. This is the
easiest way to score the severity. The CT images
show a 25%involvement by visual assessment.

Severity score is another method is by scoring
the percentages of each of the five lobes that are
involved:

1. <5%involvement;

5%-25% involvement;

26%-49% involvement;

50%-75% involvement;

>75% involvement.

The total CT score is the sum of the individual
lobar scores and can range from 0 (no involve-
ment) to 25 (maximum involvement) when all
the five lobes show more than 75% involvement.
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MepsoHayanHume KT HaxoOku B ciyyanTe Ha
COVID-19 BkntouyBaT ABYCTPaHHO, MHOroN06ap-
HO 3ambrNisBaHe TUM ,MaToBO CTbKIO” (GGO) ¢
nepudepHO v 3agHO pasnpeneneHune, MaBHO
B JOJHWTe n060Be 1 Mo-pAAKo B CpegHus nob
[49]. YnnbTHABaHe, HanoxeHo Bbpxy GGO Kato
MbpPBOHaYaNHO N306paXkeHne, ce OTKPVBA B MO-
ManbK 6poil ciydyau, rmaBHO NpU Bb3pacTHaTa
nonynauma ot xopa. YaebenssaHeTo Ha nperpa-
[nata, bpoHxuneKTasnmTe, ynebenaBaHeTo Ha nne-
BpaTa 1 cybnnespanHoTo 3acAraHe ca efHu oT
Nno-pAAKo CpelaHuTe HaxoAKu, FMaBHO B MO-
KbCHUTE CTaun Ha 3aboNnsaBaHeTo.

MbpeoHauanku KT npodunu npu COV

Henpo3pauHo MaToBO CTbKI0 88%

[IBycTpaHHo yuactue 88%
3ajiHo pa3npezenenue 80%
MyntunobapHo yuactue 79%
TepudepHo paznpeaenenue 76%
YnnvrHABaHe 32%

MneBpaneH N3nnB, NeprkapaeH U3nNus, MUM-
dapeHonatua, kaButayms, KT xano n nHeBMoTo-
pakKc ca HAKOU OT HeobMYaHKTE, HO Bb3MOXHM
HaxofKu, HabnogaBaHW Npy NporpecrpaHe Ha
3ab0nABaHeTO. ViMa MHOro MpuMnoKprBaHe Ha
KT-npoduna Ha COVID-19 c gpyru BUpPYCHM
NMHEBMOHUN.

lpomeHu 868 8Bpememo. bonecTTa B Hanpega-
Hana ¢asa ce CBbp3Ba CbC 3HAUNTENTHO NOBULLE-
Ha vecToTa Ha: 1) GGO nntoc peTukynapeH npo-
dun (nypa HacTunka); 2) BakyonapeH 3Hak; 3) du-
6po3HM MBMLUK; 4) Bb3ayLIHa BpOHXorpama; 5
N3KprBABaHe Ha 6poHXxa; 6) cybnnespanHa nu-
HUA uny cybnnesBpanHa Npo3payHa MHUA 1 7)
nneBpaneH N3nua.

-

KT-poknap
TTpoAbMKUTENHOCT Ha ONNAKBAHNATA B AHN
Pasnpenenenue: | Mepudephn-

LieHTpanHu-3aaHu-
ZONHY Aanose
Kpwrno-ocrpo-
HeocTpo
06bpHart opeon /
Xano

Yuactue: 9% OT 3acerHaruTe
e

Onbpo3HN NeHTH

(bpoBo ypebensaBaHe

lneBparnHa TeuHoCcT

[Jlemapkauna:
MatoBo cTbkno/YnnbTHABaHe

Nlpyrv HaxoaKu

YBenuueHn IMMQHM Bb31n

Exokapouoepadgus

ExokappauorpadusTta e nokasaHa B cilyyaii Ha
CbMHEHMe 3a CbpheyHa HefoCTaTbYHOCT KaTo
baKTop, AONpPUHACALY 32 3acsiraHeTo Ha benuTe
ApoboBe 1 HacTbMNWMa AnxaTenHa HeJoCTaTby-
HOCT.

LonbAHUTENHN MUKPOGMONOrMYHN TeCTOBE
Pegmua ekcnepTHW MHeHUA npenopbyBaT
LOMbBJIHUTENHU MUKPOOMONOTNYHN TecToBe B
3aBMCUMOCT OT TeXecTTa Ha cyyas. B cnyyan Ha
acMMMTOMaTUYHa UK ieka nHdekuua (6e3 Knm-
HUYHW XapaKTeprCTMKK, Npeanonaraln ycnox-

Initial CT-findings in COVID-19 cases include
bilateral, multilobar ground glass opacification
(GGO) with a peripheral or posterior distribution,
mainly in the lower lobes and less frequently in
the middle lobe [49]. Consolidation superimpo-
sed on GGO as theinitial imaging presentation is
found in a smaller number of cases, mainly in the
elderly population. Septal thickening, bronchie-
ctasis, pleural thickening, and subpleural invol-
vement are some of the less common findings,
mainlyinthe later stages of the disease.

Initial CT-patterns in COVID-19

Ground-glass op: on 88%
Bilateral involvment 88%

%
%
50
2%

Pleural effusion, pericardial effusion, lympha-
denopathy, cavitation, CT halo sign, and pneu-
mothorax are some of the uncommon but possi-
ble findings seen with disease progression.There
is much overlap of the CT-pattern of COVID-19
with other viral types of pneumonia.

Changes over time. Advanced-phase disease
is associated with a significantly increased frequ-
ency of 1) GGO plus a reticular pattern (crazy
paving); 2) vacuolar sign; 3) fibrotic streaks; 4) air
bronchogram; 5) bronchus distortion; 6) subple-
ural line or a subpleural transparent line and 7)
pleural effusion.

CT-Report

Duration of complaints in days
Distribution: Peripheral-
central-posterior-
lower lobes
Demarcation: Round-sharp-
unsharp
Reversed halo/
Halo sign
Involvement: 9% of lung
"
Fibrotic bands
Vascular thickening
Pleural fluid
Enlarged lymph nodes

Ground glass/Consolidation

Other findings

Echocardiography

Echocardiography is indicated in case of sus-
pected heart failure as a contributing factor to
lung involvement/respiratory failure.

Additional microbiologictests

The experts' opinions recommend additional
microbiological tests depending on the case se-
verity. In case of asymptomatic or mild infection
(no clinical features suggesting a complicated
course) minimal additional microbiological

reviews
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HEeHO MpoTUYaHe) e HeobxoaUMa MUHMMANHa
LOMbJIHUTENHA MUKPOOGUONOrMyHa AnarHoCTu-
Ka, @ MIMEHHO — TeCTBaHe 3a FpuMneH BUPYC U/1nn
OTKpUBaHe Ha AnXaTeNHU NaToreHu Ypes npuna-
raHe Ha myntunnekceH PCR Bbpxy eamHM4YHa
npo6a oT prHopaprHreaneH TamnoH. 3a cTabu-
NeH NaumeHT C pecnnpaTopHy U/ U CUCTEMHN
CUMNTOMM Ce MnpenopbyBaT APYrn AUArHoC-
TUYHU TECTOBE, KaTo CEPOJIONMYHO M3CneaBaHe
3a SARS-CoV-2, ako e Bb3MOXHO, TecT 3a HIV, oT-
KpuBaHe Ha Pneumocystis jirovecii B pecnupa-
TOPHU TeyHocTr, MRSA Bbpxy Ha3aneH TaMmnoH,
OTKpVBaHe Ha aHTUreH Ha Legionella pneumo-
phila v Streptococcus pneumoniae, oLBeTsiBaHe
no Mpam u KynTypa Ha Npobu OT fONHUTE Anxa-
TeNHW NbTMLWa U/nnm xpaykn. B cnyyanm Ha Tpec-
Ka (>38 °C) TpAbBa fJa ce aHanM3upaTt MoHe 2
KPBbBHU KyNTypW, 3a Aa ce onTMMM3Npa aHTUMU-
KpobHaTa Tepanus. 3a KIMHUYHO HeCTabuiHK,
HO He KPUTMYHM NaLMEHTN, MOXKe [la Ce N3BBbPLL
Zpyra eBeHTyanHa AMarHoCTKa Bb3 OCHOBA Ha
cneuundmyHaTa KNMHWYHa KapTuHa. To3m nogxon
Ce OTHaCA 1 40 KPUTUYHM NaumeHTn [6, 10].

Bb3pgencrBmne Ha AMarHOCTUYHUTE NOAXOAN
BbpXy npodunakTmkaTta v KOHTpona
HanH$ekumaTa cbc SARS-CoV-2.

KakTo 6e onuncaHo BbB BbBeEeHNETO, HaBpe-
MeHHaTa ANarHoCTrKa e OT peLlaBallo 3HaueHne
He camo 3a M3Xxofa OT 3ab0nABaHeTO Ha 3apa-
3eHUTe NNLA, HO 1 3a ePpeKTUBHMA KOHTPOJ Ha
pasnpocTtpaHeHuneTo Ha SARS-CoV-2. CDC e pas-
paboTun ¢ NpPUOpUTET CUCTEMA OT TECTOBE 3a
SARS-CoV-2, 3a ga ce npegoTBpaTtu B NoO-rofsamMa
CTeneH pPasnpoCTPaHeHNEeTO Ha NHdeKLmATa 1
[la ce ocurypm 3gpaBHaTa CUCTEMA C OCTaTbUeH
6poi TectoBe. Cnopep Tasu cucTema, C BUCOK
npuopuTeT 3a TeCcTBaHe TpAbBa Aa 6baaT Xxocnu-
Tanu3npaHuTe NauneHT CbC CUMNTOMU, 34PaB-
HUTE CneunannucTn U NbpPBUTE pearnpawin cbe
CUMMTOMW, KAKTO W KUTENU CbC CUMMATOMU B
3aBefleHMA 3a AbJrOCPOYHM TPV, BKI1. 3aTBO-
pv 1 npuioth. Cnegealum no NPUOPUTET Ca Xopa-
Ta CbC CUMNTOMM, NOJO3PUTENHN 32 MHbEKL A C
COVID-19, kKaTo Tpecka, Kawnmua, 3agyx, MycKyn-
Ha 6051Ka, 3aryba Ha BKYC U1 MUPUC, MOBPbLLA-
He VN Anapua u/uny BbananeHo ropno. Hakon-
KO NMpoyyBaHMA [OKa3BaT, ye acMMMTOMaTuy-
HUTe NHANBMAN Mmorat aa npegasat SARS-CoV-2
[50, 51] c Hem3BecTHa cTeneH, KoeTo HeCbMHEHO
JOnpurHaca 3a yBennyaBaHe Ha pa3npocTpaHe-
HueTo. o TO3n HauuH, TecToBeTe TpPsAOBa Aa ce
M3BbPLIBAT U Ha NnLa 6e3 CMMNTOMM, aKo ca bu-
NN B KOHTAKT C GOJTHM XOpa WK Ca BKJIIOUYEHU B
HabnogeHre OT OpraHUTe Ha O6LIEeCTBEHOTO
30paBe, KOHTPOJIHO HabnofeHne Unu apyru
CKPUHUHIOBY NpoyyuBaHus. MpaBunHnAT nsbop
Ha TeCT e OT pellaBaLlo 3HayeHme. Bb3 ocHoBa Ha
yCTaHOBEHATa CU YyBCTBUTENHOCT, HaJIMYyHUTE
TecToBe MoraT Aa 6baaT KnacuouumpaHy Kakto
cnega: RT-gPCR > OTkpumBaHe Ha aHTureH (LF,
CLIA) = OtkpuBaHe Ha aHTuTena (ELISA, CLIA,
ECLIA).

MeTopbT RT-qPCR rma 100% cneumduryHocT,
[oKaTo cneundrUHOCTTa Ha ApyruTe jBa NOAXo-

diagnostics are needed, namely - testing for
influenza virus and/or detection of respiratory
agents by applying multiplex PCR on a single
rhinopharyngeal swab sample. For a stable pati-
ent with respiratory and/or systemic symptoms
other diagnostic tests are recommended such as
SARS-CoV-2 serology if available, HIV test, Pneu-
mocystis jirovecii detection in respiratory fluids,
MRSA on a nasal swab, urinary Legionella pneu-
mophila and Streptococcus pneumoniae antigen
detection, Gram stain and culture of lower respi-
ratory tract samples and/or sputum. In case of
fever (>38°C) at least 2 blood cultures should be
analysed in order to optimize the antimicrobial
therapy. For clinically unstable but not critical
patients other eventual diagnostics based on the
specific clinical picture could be performed. This
approach refersalso to critical patients [6, 10].

Impact of the diagnosticapproaches
on the prevention and control
of SARS-CoV-2infection

As described in the introduction the on-time
diagnosticsis crucial not only for the disease out-
come of infected persons but also to control the
SARS-CoV-2 transmission. The CDC has develo-
ped a priority system for SARS-CoV-2 testing in
order to prevent better the spreading of the
infection and to ensure the health care system
based on the availability of tests. According to
this system, a high priority for testing should be
given to hospitalized patients with symptoms,
health professionals, and first responders with
symptoms, as well as residents with symptomsin
long-term care facilities, incl. prisons and shel-
ters. Next in priority are persons with symptoms
suspicious for COVID-19 infection, such as fever,
cough, shortness of breath, muscle pain, loss of
taste or smell, vomiting or diarrhea, and/or sore
throat. Several studies proved that asympto-
maticindividuals could transmit SARS-CoV-2[50,
51] to an unknown extent which undoubtedly
contributes to the amount of transmission. Thus,
testing should be performed also on persons
without symptoms if they were in contact with ill
people or are included in public health monito-
ring, sentinel surveillance, or other screening
trials. The right choice of a test is crucial. Based on
the sensitivity the available tests could be
classified as follows: qPCR > Antigen detection
(LFI, CLIA) = Antibody detection (ELISA, CLIA,
ECLIA).

The gPCR technique has 100% specificity,
whereas the specificity of the other two approa-



Ja cbluo e 6nu3o go 100%, Ho BCe oLe No-H1cKa
otTasnHaqPCR.

QanwmnBo oTpuULATENHN pe3ynTaTi Morart Ja
6baT MoslyYeHU CbLUO U Cfiefl MONeKysipHaTa
AMarHoCTUKa N aHTUreHHWTe TectoBe. CnefoBa-
TeJIHO, KOraTo CTaBa BbMPOC 3a XOpa C aHaMHe3a
3a eKCno3numa U/unn KANHUYHA KapTuUHa, WH-
¢dekuymnata cbc SARS-CoV-2 He Moxe fa 6bae
HanbfHO U3KJOYeHa 1 TPAbBa Ja ce Hanpaswu
nosTopHO TecTtBaHe ¢ RT-qPCR. AHTUreHHMAT
TeCT e no-noaxofAw, 3a 6bp30 TecTBaHe, ako
HAMa AOCTbMN [0 MONEKyNnApHa AMarHoCThKa,
npu ycnoBre ye oTpuuaTenHuTe pesynTtaTtu
TpsAbBa Aa 6bAaT NMOTBbBPAEHW C Apyry Auar-
HOCTUYHW NOAXOAWN NPW HaNnume Ha KIIMHUYHN
cumnTomun. CeponornYyHNAT TeCT MoXKe fa ce
M3Mos3Ba Hall-Beye 3a CKPUHWUHT Ha HacesleHne-
TO, HO He 1 3a B3€MaHe Ha peLleHnsa OTHOCHO: 1)
[pynupaHe Ha nuua B yunnuila, o6WWEXNTHA,
coumanHu 3aBefeHuna u gp.; 2) BsemaHe Ha pe-
LeHVe fanu xopata TpAbBa Aa ce BbpHaT Ha pa-
6OTHOTO CU MACTO, USN He.

TouHaTa 1 HaBpeMeHHa ArarHOCTUKa e Ao-
NpUHece 3HaYNTESHO 3a OrpaHNYaBaHe 1 Ha Ta-
31 NaHgemua ypes naeHTudnUMpaHe Ha rpynute
OT 3apaseHn UHAMBUAWU W KapaHTWHa Ha 0e3-
CMMMNTOMHMU, HO 3apa3eHn Nnua, KOeTo OT CBOS
CTpaHa LWe HaMmanu koedrLeHTa Ha NpefaBaHe,
KaTo MO TO3W HaUMH e Ce Hamanu CMbPTHOCTTA
N NPOAB/KUTENHOCTTA Ha OOSTHUYHMA NPECTON.
OcBeH ToBa Lie 6bAe NpefoTBPaTeEHO NPETOBap-
BaHETO Ha 6ONHMUMTE 1 Ha 34paBHUTE Cheyna-
NINCTW.

3aknioueHne n 6baeL acnekTn

KbM HelWwHa faTa pa3BoAT Ha NaHAemMusATa OT
Covid-19 e B KpuTUYHaTa cu $pasza, NOCTaBANKM
BaXXHW N BCE MO-HEOT/IOKHNM 3a pellaBaHe npeg,
06L1ecTBOTO BbNPOCK, NPOAMKTYBaHN OT ABU-
XellaTa ce Harope KprBa Ha pa3npocTpaHeHmne
N CMBbPTHOCT, MEAVLUHCKMTE PUCKOBE, Y HAaTUC-
Ka Ha MKOHOMMYecKnTe GakTopu, NPOHMNKBALLM
BCUUKM obLiecTBeHY cfioeBe. [loCTUrHATOTO pas-
NpOCTpaHeHWe A0 CTerneH Ha NaHgeMusa OCTaBa
6e3 Bb3MOXXHOCT 33 ePpeKTUBHO NPOTNBOAENCT-
BME — NNNCBAT epeKTNBHY TepaneBTUYHY Cpea-
CTBA, BAKCUHU U JOPU OCHOBHU TEXHUYECKU
CpencTBa, 3a4b/PKUTENTHM 3a TaKUBA CJTyYal.

BaxkeH ¢aKTop 3a orpaHMyaBaHe Ha pa3npo-
cTpaHeHueTo Ha Covid-19 1 B3emMaHeTo Ha afieK-
BaTHW yNpaBlieHCKN pelleHna e 6bp3aTa 1 npe-
LM3Ha fMarHocTuka.

BpemeTo 1 TexHuKaTa Ha B3eMaHe W Nogaro-
TOBKa Ha NpobuTe, NPaBUIHUAT 1360p Ha guar-
HOCTUYEH TeCT, NOAKPEneH OT KINMHUYHKTE Hab-
MOAEHMA U UANOCTHUAT aHANN3 Ha pe3ynTaTuTe
OT gobpe 0byyeHU KINUHULKCTA, Ca OCHOBHUTE
CTbNI60BE Ha YCNELWHNA ANArHOCTAYEH MOAXOL,.
YyBCTBMTENHOCTTA Ha ANArHOCTUYHUTE TECTOBE
e TACHO cBbp3aHa C: 1) dpa3aTa Ha 3abonaBaHeTO
1 BUPYCHOTO HaToBapBaHe 1 2) BuAa Ha npobata
1 MeToZa 3a NojlyyaBaHeTO i, KOUTO OCTaBaT Cb-
LeCcTBEHN, He3aBNCKMO OT nnaTdopmata 3a Jo-
Ka3BaHe Ha uHdpekumaTa. Bcuukm cTbnky TpabBea
fa 6baaT M3nbaHeHU Npeur3Ho, 3a ja ce MoCTuUr-
HaT HagexAaHu pesyntatu. TectbT RT-gqPCR

chesis also near to 100% but still lower than that
ofthe qPCR.

False-negative results could be obtained
after molecular diagnostics and antigen tests.
Therefore, when it comes to people with expo-
sure history and/or clinical presentation SARS-
CoV-2 infection couldn't be completely exclu-
ded, and repeat qPCR testing should be done.
Antigen tests are more suitable for rapid testing
if there is no access to molecular diagnostics pro-
vided that negative results should be confirmed
with other diagnostic approaches in the pre-
sence of clinical symptoms. A serological test
could be used mostly for a screening of the
population but not for making decisions about
1) Grouping of persons in schools, dormitories,
social care facilities, etc.; 2) Determine whether
persons should return to the workplace or not.

Right, and on-time diagnostics will contri-
bute substantially to limit the pandemics by
identifying clusters of infected individuals and
quarantine asymptomatic but ill persons, which
in turn will lower transmission coefficient there-
by decreasing the mortality rate and the length
of hospital stay. In addition, the overloading of
the hospitals and the overwhelming of the
healthcare professionals will also be prevented.

Conclusions and future aspects

To date, the development of the Covid-19
pandemicisin a critical phase, raising important
and increasingly pressing issues for society, dri-
ven by the upward spread and mortality curve,
medical risks, and the pressure of economic fac-
tors pervading all social strata. The achieved
spread to the level of a pandemic remains
without the possibility of effective counteraction
— there is a lack of effective therapeutic agents,
vaccines, and even basic technical means requi-
red forsuch cases.

An important factor in limiting the spread of
Covid-19 and making adequate management
decisionsis therapid and precise diagnosis.

Timing and technique of sample collection
and preparation, the right choice of diagnostic
test supported by clinical findings and complex
analysis of the results by well-trained clinicians
are the main pillars of the successful diagnostic
approach. The sensitivity of the diagnostic tests
is strongly related to 1) the illness phase and the
viral load and 2) the type of sample and the col-
lection method which remain essential regard-
less of the sample detection platform. All steps
should be precisely performed in order to achie-
ve reliable results. The gPCR test is considered for
now the golden standard for SARS-CoV-2 detec-
tion. In parallel, antibody and antigen detection
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3acera ce cunTa 3a 3N1aTeH CTaHJapT 3a OTKpUBa-
He Ha SARS-CoV-2. YcnopegHo ¢ ToBa, MeToguTe
3a OTKpPMBAHE Ha aHTUTENA M aHTUreHW, KOUTO
MMaT CBOWTE OrpaHMYEeHMA MO OTHOLUEHME Ha
Nno-HMCKaTa CU YyBCTBUTENHOCT U cneynduy-
HOCT B cpaBHeHue ¢ RT-gPCR, morat ga npeacTa-
B/ABAT (KaTo Cce UMa npefBug HeobxoarMocCTTa
OT MNO-AbABI UKD Ha pa3BUTUE) UKOHOMUYEC-
Kun ebeKTMBEH MeTO[ 3a MaCoOBO CKPUHMpPaHe Ha
HaceneHmeTo.

CBupeTteny cMe Ha TAXHOTO HenpeKbCcHATo
YCbBbPLUEHCTBAHE 1 BCE MO-LUNPOKO NPUIoXKe-
HVe Ha neTuLia, CNOPTHU N KYNTYPHU NPOABMK U
ZP. MAacoBM MepPONPUATHA C Lien orpaHnYaBaHe
pa3npocTpaHeHmeTo Ha Covid-19 1 yacTMYHOTO
MUHUMM3UPaHe Ha HebnaronpuaTHUTE couman-
HU 1 MIKOHOMUYECKU eeKTN.

M 3a B 6bAelle, pa3paboTBAHETO Ha AnarHo-
CTUYHUTE MHCTPYMEHTN TpAbBa Aa 6bae B CboT-
BETCTBME C HY>KANUTE OT NepCoHanm3npaHa megu-
LUMHa 1 M3UCKBaHUATA, CBbP3aHW C NMaHOeMny-
HMA OTroBop. VI3KyCTBEHW WHTENUIeHTHU CUC-
Temu 3a aHanu3 Ha CT n CXT, ddPCR, NGS v meTa-
reHOMHMW NPOTOKONK ce pa3paboTBaT B NogKpe-
na Ha AuarHocTukaTa 1 3a NoBuLLaBaHe Ha Cre-
UMPUYHOCTTA U YYBCTBUTESIHOCTTA Ha aHanmu-
3uTe.
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methods which have their limitations regarding
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Pesiome

YnTpa3BYKOBOTO U3CNefBaHe Ha TOPAKC € METOA Ha 06pa3Ha ANarHOCTVIKa, KOWTO 3aema BCe Mno-
3HAUMMO MACTO B AMArHOCTUYHUA npouec npu nauyneHTute ¢ COVID-19. Mopxoasau, 3a 6bp3a
OpvieHTauua Npu NernoTo Ha 6onHWA, 6e3 TbYEeBO HAaTOBAPBAHE U AEMOHCTPUpPALL MHOTO BUCOKA
YYBCTBUTENHOCT OlUe Mpean HanMuMeTo Ha BUAMMU M3MEHEHUs Ha BXoAsAllaTa peHTreHorpadwus,
TOpaKasHUAT YNTPa3ByK MOXe [ja OPUEHTMPaA KINMHMLMCTa B NOCIeABALLOTO TepaneBTUYHO NoBeAeHne
NPV KOHKPETHWUA MAUMEHT, KaTO 3HAUUTENTHO CKbCABA BPEMETPAEHeTO Ha AMArHOCTUYHMA npoLec.
HacToAwaTa 0630pHa cTaTuA NpeacTaBsa NPeauMCTBaTa U HeLOCTaTbLUMTE Ha U3rPafeHNTE O MOMEHTa
NPOTOKONN 3a TOPaKanHO YNTPa3ByKOBO M3csieaBaHe npu nauymeHtn ¢ COVID-19 n aHanu3npa TAxHaTa
NPUNOXKUMOCT B yCNTOBMATA Ha Gb/irapckaTta eiCTBUTENIHOCT N0 BpeMe Ha NaHAemuaATa.

KniouoBu gymun: TopakaneH yntpassyk, COVID-19, naHgemusa
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Abstract

The ultrasound examination of the thorax is a method of diagnostic imaging, which takes up an
increasingly important place in the diagnostic process in patients with COVID-19. Suitable for quick
orientation at the patient's bedside, without radiation exposure and demonstrating a very high
sensitivity even before the presence of visible changes in the incoming chest radiography, thoracic
ultrasound can guide the clinician in the subsequent therapeutic behavior of the patient, significantly
shortening the duration of the diagnostic process. The current review article presents the advantages
and disadvantages of the proposed so far protocols for chest ultrasound examination in patients with
COVID-19and analyzes their applicability in the conditions of the Bulgarian reality during the pandemic.

Keywords: thoracic ultrasound, COVID-19, pandemic
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BbBeageHne

MNaHpemuATa oT HOBMA KOopoHaBupyc SARS
CoV-2 n3npaBn 4OBEUYECTBOTO Mpef CePUO3HO
M3nuTaHue. Bbnpekn BCUYKM HAYyUYHU MOCTUXKE-
HMA 0O MOMEHTa, TA BCE Olle He e [OoCTUrHana
CBOA Kpai. Bce oLe ca Hanuue MHOXeCTBO guar-
HOCTUYHU 3aTPYLHEHMSA 1 TepaneBTUYHUN Heyaa-
Y. 3naTHUAT CTaHAAPT B AMArHOCTMKATa Ha WH-
deKkumaTa B MMKPOOUONOTMYEH acNeKT e Bepu-
durympaHeTo Ha BMpYyca uUpe3 npoba oT cekpeT oT
FOPHY UV JOMHW AUXATESHY MBTULLA U IETEKTU-
paHeTo My upe3 RT PCR. Mo oTHoLWweHne Ha 06-
pa3HaTa AMarHocTMKa 3a Hall-mokas3aTesieH e
npuet metoabT Ha KT Ha TOpaKc, KaTo CbLUAT e
NPUNOXKNM B YCIIOBUATA HA MOBEYETO TPUAKHU
oTAeNeHna Ha MHOroNpoPUIHUTE NieYebHN 3a-
BELEHMA 1 NPU HaNnuMe Ha NAaTOTHOMOHUYHNTE
NMapeHXUMHV NPOMeHU B 6ennte fpobose nauyu-
EeHTBT ce pa3npegena 3a neyenve B COVID-19
eVHMLA, [OpV Npeamn NoflyyYaBaHe Ha pesynTaTa
oTnpo6ata3aRTPCR.

CBOETO MACTO B eTanuTe Ha AMarHoCTUYHMA
npouec 6bP30 HaMmupa 1 TOPAKAIHOTO YNTpa-
3BYKOBO M3cJiefiBaHe. [leMOHCTpMpalLo BUCOKa
MHPOPMATUBHOCT 1 MOAMNOMArallLo KANMHULUCTA
B KPUTMYHM CUTYaLUK, CbLOTO 61 Moo B 6bae-
e fa ce NpeBbpHe B HEM3MEHEH 3N1aTeH CTaH-
JapTHapaBHO Cropen3bpoeHnTe ABa.

TopakaneH ynTpasByK npu nernorto
HanauneHtacCOVID-19

YNTpa3ByKOBOTO M3cC/iefBaHe Ha TOpaKC B
CNeLHNTE N MHTEH3VBHU CEKTOPY € YeCTO BaXKHa
YacT OT KNMHNYHMA, NabopaTopeH N MHCTPYMEH-
TajleH npernes Ha nauueHTa, C OrpoMHa pons
npw ArarHoCTULMpPaHe Ha NaToNorMmn KaTto NHEeB-
MOTOPAKC, OCTbP PecnupaTopeH ANCTPeC CUHA-
pom, 6enoapobeH OToK, MHEBMOHUSA, MHTEPCTU-
LManH1 NaTonornu, naeBpasnHy 1 neprkapgHu
n3nueu (1). NMbpBKTe faHHK 3a Non3aTta oT Topa-
KanHuWA ynTpas3ByK ce CboOLLaBaT OT aBTOPCKM
Konektueu oT Kutam n Ntanusa, Bnocnenctesune ce
pa3paboTBaT pa3nnYHN NPOTOKON 3a CKaHUpa-
He B WTtanua, lepmaHua, ABcTpanua n ap.
(2,3,4,5).

[eTtekTnpaHeto Ha Bupyca Ha SARS CoV-2
ype3 RT PCR 3HaunTenHo oTcTbnBa NoO YyBCTBU-
TenHocT oT KT - ckaHmpaHeTo — 59% cpeuy 88%
CbOTBETHO (6), JOKATO YNTPa3ByKOBOTO M3cnen-
BaHe Kopenupa yygecHo c KT - o6pasza, MHoro no-
NnpeLyr3HO e B CpaBHEHWE C peHTreHorpaduaATa
Ha TOpaKC 1 B CbLIOTO Bpeme He nogsara nauu-
€HTa Ha TbyeBOo HaToBapBaHe (2,3). He e 3a npe-
HebpersaHe 1 GpaKTbT, Ye NPY eKCNePIMEHTANTHY
mogenu Ha ARDS, ynTpa3BykoBOTO u3cnefsaHe
yCTaHOBABa HanmMureTo Ha 6enoppobHa yBpea
npean pa3BUTUETO Ha Xxnokcemus (7).

Exorpadckmn o6pasmvnpu COVID-19
HopmanHuat o6pa3 Ha 6enofpobHusa napex-
XM npepnonara T. Hap. obpas, nofobeH Ha
»Kprna Ha npunen” — Hanuue e akycTnyHa cAHKa
B 30HUTE, B KOUTO pebpaTa cnupat pa3npocTpa-
HeHVEeTO Ha YNTPa3BYKOBUTE BbJIHU, KAaTO MEXAY
Te3n aKyCTUYHM 3aCeHYBaHWA Ce BM3yanusmpa
HOpPManHUAT 6enoapobeH NapeHxmm c npobnac-
BalllaTa IMHMA Ha BMCLUepanHaTta nnespa. Buc-
LepanHaTa nneBpa, 3a pasfivka oT napueTanHa-

Introduction

The pandemic with the novel coronavirus
SARS CoV-2 has established serious trials for the
humanity. Despite all the scientific advances so
far, it has still not come to an end. Many diagnos-
tic difficulties and therapeutic failures are remai-
ning. The gold standard in the diagnosis of the
infection in microbiological aspectis the verifica-
tion of the virus by a sample of secretions from
the upperorlower respiratory tractand its detec-
tion by RTPCR. Regarding the imaging diagnosis,
the chest CT method is considered to be the
mostindicative and sensitive, asitis applicablein
the conditions of the most triage wards in the
multidisciplinary medical institutions and in the
presence of pathognomonic parenchymal chan-
ges in the lungs the patient is directed for treat-
ment in a COVID-19 unit, even before obtaining
the RTPCRtestresult.

The thoracic ultrasound examination quickly
finds its place in the stages of the diagnostic
process. Demonstrating a high informativeness
and assisting the clinician in critical situations,
the same could become in the future a perma-
nent gold standard equally to the above two -
PCRandCT.

Thoracicultrasound atthe bedside
of the patient with COVID-19

In emergency and intensive care units the
ultrasound examination of the thorax is often an
important part of the clinical, laboratory and
instrumental examination of the patient, with a
huge role in diagnosing of pathologies such as
pneumothorax, acute respiratory distress synd-
rome (ARDS), pulmonary edema, pneumonia,
interstitial pathologies, pleural and pericardial
effusions (1).The first data on the benefits of tho-
racic ultrasound are reported by author teams
from China and Italy, subsequently various scan-
ning protocols are developed in Italy, Germany,
Australiaand other countries (2,3,4,5).

Detection of SARS CoV-2 virus by RT PCR is
significantly less sensitive than CT scan - 59% vs.
88% respectively (6), while chest ultrasound
correlates very well with the CT image, itis much
more accurate than chest X-ray and does not
expose the patient to radiation at the same time
(2,3). The fact that in experimental models of
ARDS ultrasound revealed the presence of lung
damage even before the development of hypo-
xemiaisalso not to be overlooked (7).

Ultrasoundimagesin COVID-19

The normal image of the lung parenchyma
suggests the so-called picture similar to "bat
wings" (“bat view”) - there is an acoustic shadow
in the areas where the ribs stop the propagation
of the ultrasound waves, and between these
acoustic shadows the lung with the shining line
of the visceral pleura is visualized. The visceral
pleura, unlike the parietal one, is clearly visible,
asitislocated on the border between two media



Ta, € MHOro Jo6pe BUAMMa, TbiA KaTo ce Hammpa
Ha rpaHuuaTa mexay ABe Cpeaun C pasfinyHa
aKyCTMYHa MIBTHOCT — MJieBpasiHata KyxuHa C
KanunapHoO KONMMYeCTBO TEYHOCT B HedA 1 aepu-
pPaHUAT B HOPMasHKU ycnoBust 6enogpobeH na-
peHxum (8,9). MoanexalaTta 6enogpobHa TbKaH
ce npepacTaBa exorpadCky ypes A-nMHUK, KOUTO
Ca XOpUW30HTaneH peepbepaLioHeH apTedakxT,
ycnopefeH Ha nneBpasnHaTa MMHMA 1 06pasyBaH
OT MHOIOKPATHOTO OTpa3fBaHe Ha YNTPa3BYKO-
BUTE BBJHU, U OT ManbK 6poit B-nuHum, komto
nofjo6bHOo Ha ,oMaLKy Ha KOMEeTU" ce cryckaT o
Kpas Ha ekpaHa Ha exorpadckus anapat v npea-
CTaBNABAT UHTEPPEPUPAHETO Ha YNTPa3BYKO-
BUTE BBJIHU C UHTEPCTULMANHUTE CTPYKTYPU.
Mpu HamanABaHe Ha Bb3AYLHOTO CbAbPXKMMO B
6enofpobHNs NAapeHXUM W yBeNn4yaBaHe Ha
CbAbP)KAHNETO Ha TEYHOCT, KNETKM NN MaTPUK-
CHU KOMIMOHEHTW B aJIBEONTUTE WU UHTEPCTULIM-
yMa, 6poAT Ha B-nuHunTe ce yBennuasa (10, 11).

Mpwn HOpManHW ycnoBKA BUCLIepanHaTa nie-
Bpa e TbHKA U uAeanHo rnajka, npunib3Ba cnps-
MO MapwveTanHata, a B 6enofpobHna napeHxnm
ce BM3yanu3mpat HEOOUSIHO KonmyecTBo A-
NUHUN € B-nnHnm < 3 6p. B egHO MexaypebpeHo
NPOCTPaHCTBO (8, 9). PaznnuyHnTe NnatonornyHm
06pa3u npu 6enoapobHn 1 nnespanHu 3abons-
BaHMWA B YCNIOBUATA Ha CMELLIHOCT Ca Pa3ncKaHu
nogpo6bHo B T. Hap. BLUE-npoTokon (12).

NHdekumaTta c Bupyca Ha SARS CoV-2 Bogu
cnep cebe cv fo peaKkuusi B MHTEPCTULMYMA Ha
6enoapobHMA NapeHXUM, KOATO Moxe aa 6bae
BM3yanusnpaHa BbB BUA Ha B-nnHum npu yntpa-
3BYKOBOTO M3C/IefiBaHe, YecTo bunatepasHu, Ho
Bb3MOKHO 1 C,MO3anYHO" pa3npegeneHue. Bu-
PYCHT NpeauneKkuMoHHO yBPeXaa MUKPOLUPKY-
nauusa Ha pasnMyYyHUTE OpraHu, B T. U. 1 Ha benute
Apo06OBE, KAaTO OCHOBHY YCJIOXKHEHMSA Ca Bb3Ma-
NEHMETO Ha eHfoTena ¢ opMmpaHe Ha MHOXe-
CTBO TPOMOV B MUKPOCHAOBETE, CbMbTCTBALLA
numdoLmTapHa NHTePCTULMATHA U NePUBACKY-
napHa Bb3ManuTenHa peakLua, HEKPO3a Ha
NMHEBMOLMTUTE B afiBeosMTe C nocsiefBalla
WHTpaanBeosiapHa Aeno3numa Ha GubpuH n
eKCypaT ¢ rnocsiefBalyM nNpouecs Ha OnuT 3a
pereHepauua Ha yspeaute (13). 36poeHunTe
NaToGU3NONOrMYHN MEXaHN3MMN KOpPeCcrnoHAN-
paT BnocnefCTBUE C pa3nnyHUTe obpasu, Bru3ya-
NM3NpaHn NpyY YNTpa3BYKOBOTO M3C/efiBaHe,
BapupawM OT UHTEPCTULMANIEH CUHAPOM, OO
OOBLIMPHM MHEBMOHUYHU UHPUNTPATH, Bb3MOXK-
HO C aBaCKyNapHW 30HM NOpaamn TeHAeHUUATa 3a
dbopmMUpaHe Ha aBTOXTOHHY TPOMOO3MU.

AHanu3 Ha gaHHute oT KT Ha Topakc npu
naunenTn ¢ COVID-19 - nHeBMOHMA MoKas3eaT
ronemu NpbcHaTn GrnatepanHy nesnu, NOHAKO-
ra KoHdnympalwmy, npeacTaBALM ce KaTo 30HU
TN ,MaTOBO CTBKNO" NN CbCTAaBEHU OT KOHCO-
nugaTuBHA 1 TUM ,MATOBO CTHK/I0" KOMMOHEHTa.
Okono 10% oT ne3nunTe ca c 06pa3s “crazy paving”.
N3meHeHnATa ca nneBpanHo 6as3mpaHu, HO
nnaeBpasiHM N3NIMBY He ce pa3BuBaT (14).

Exozepagckume o6pasu npu COVID-19
nHeemoHuamaca(1,2):

- YBenuyeH 6poii Ha B-nuHumnTe, noBeye ot 3
6p. B €1HO MeXAypebpeHO NPOCTPAHCTBO, KaTo
CbLMTe MOraT a 6baaT AUCKPETHY, KOHPNyupa-
Wy, MynTrdoKanHM unm bunatepanHy;

with different acoustic densities — the pleural
cavity containing a capillary amount of fluid and
the aerated lung tissue (8,9). The underlying lung
tissue is represented during the ultrasound exa-
mination by A-lines, the same being a horizontal
reverberation artifact parallel to the pleural line
and formed by repeated reflection of ultrasound
waves, and by a small number of B-lines, which
like "comet tails" descend to the end of the scre-
en and represent the interference of the waves
with the interstitial structures. The number of B-
lines can increase if for some reason the air con-
tent in the lung parenchyma is reduced and the
amount of fluid, cells, or matrix components in
thealveoliorinterstitiumis enlarged (10,11).

Usually, the visceral pleura is very thin and
perfectly smooth, it is sliding to the parietal one,
andin the lung parenchymaa smallamount of A-
lines with B-lines <3 in one intercostal space are
visualized (8,9). The various pathological images
in pulmonary and pleural diseases in emergency
situations are discussed in detail in the so-called
BLUE protocol (12).

An infection with the SARS CoV-2 virus leads
to a reaction in the interstitial component of the
lung parenchyma, which can be visualized with
the ultrasound as B-lines, often bilateral, but
possibly with a "mosaic" distribution. The virus
predominantly damages the microcirculation of
various organs, incl. lungs, the main complica-
tions being inflammation of the endothelium
with the formation of multiple thrombi in the
microvessels, a concomitant lymphocytic inters-
titial and perivascular inflammatory response,
necrosis of pneumocytes in the alveoli with a
subsequent intraalveolar deposition of fibrin
and exudate, with following processes of rege-
neration of the damages (13). The above listed
pathophysiological mechanisms subsequently
correspond to the various images visualized in
the ultrasound examination, ranging from inter-
stitial syndrome to extensive pneumonic infiltra-
tes, possibly with avascular zones due to the
tendency of autochthonous thrombosis estab-
lishment.

An analysis of the available thoracic CT data
from patients with COVID-19 pneumonia sho-
wed large patchy bilateral lesions, sometimes
confluent, presenting as "ground glass" areas or
composed of a consolidative and "ground glass"
component. About 10% of the lesions have a
"crazy paving" pattern. The changes are pleural
based, but pleural effusions do not develop (14).

The ultrasound features of COVID-19 pneu-
moniaare(1,2):

- Increased number of B-lines, more than 3 in
one intercostal space, which may be discrete,
confluent, multifocal or bilateral;
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- 3apebensaBaHe Ha nneBpaTa C nyeBpanHU
HepaBHOCTY (Ha-yecTo No BMCLepanHaTa nies-
pa);

- Mankn cybnneBpanHo nokannsmpaHun KoH-
conugaummn (<1 cm BMCOYMHA), KOUTO MoraT Aa
nporpecupat B ronemu, cnabo Backynapusu-
paHy unu aBackynapHu KoHconugauum (>1 cm
BMCOUMNHA), Bb3MOXHO C Hannyre Ha Bb3[yLHN
6poHxorpamu (15).

- MNneBpanHnTe U3NNBU He ca obuyaliHa Ha-
xoaka npu COVID-19.

AnropuTmu Ha yNTpasByKOBOTO U3c/efBaHe

PasnnuHnTe aBTOPCKM KONEKTMBY Npeasiarat
pa3Hoobpa3une oT NpoToKonuM 3a obpaboTka Ha
60nHMA ¢ COVID-19 upes ynTpa3BykoBO U3CNea-
BaHe Ha TopakKc, Cbobpa3eHo C Bb3MOXKHOCTUTE
Ha CbOTBETHUTE LLIKOJN B Ta3n METOANKA.

Our. 1. 30HM Ha TOPAKaNHOTO YNTPa3BYKOBO M3CNeBaHe
cnopef npotokona Ha Soldati et al (17).

Our. 2. MaTonornynm Haxogk B benute apobose npu COVID-19
1 TAXHaTa TOYKOBA OLieHKa cnopeg Soldati et al (17).

OnwnT3a cTaHapTM3aLusA Ha YNTPa3ByKOBOTO
n3cnegsaHe npu naumeHtn ¢ COVID-19 npasat
Konektuam ot Vtanusa, enHa ot Hali-3acerHaTuTte
OT naHaemuATa cTpaHu. Soldati G. et al npeg-
narat cKaHvpaHe Ha 6enuTte gpobose B 0610 14
30HU: MO 3 3a4HN, 2 naTepanHn 1 2 npeaHN 30-
HU 33 BCeKU OT ABaTa 6enu gpoba cUMeTpuryHoO,
KaTo 3a HauasHa ToYKa Ha n3csieqBaHeTo npes-
naraT gnadparmanHaTta NOBbPXHOCT C nocnes-
BaLLO ABUXKEHME Ha TpaHcAlcepa B KpaHUasHa
nocoka (¢wur. 1). NMpeanountaHu oT Tax ca abgo-
MUWHAJTHUAT 1 IMHEAaPHUAT TPaHCAoCEPU U HU-
CbK MexaHun4yeH mHAaekc (< 0.7), Tblh KaTo no-
BMICOK TaKbB MNPV NPOABbIKMTENHO HabnoaeHne

- Thickening of the pleura with pleural line
irregularities (most often of the visceral pleura);

- Small subpleural localized consolidations
(<1cm height), which may progress to large,
poorly vascularised or avascular consolidations
(> 1cm height), possibly with the presence of air
bronchograms (15).

- Pleural effusions are not a common finding
in COVID-19.

Algorithms of the ultrasound examination

The different author teams offer a variety of
research protocols for ultrasound examination of
the thorax in COVID-19 patients, in consistence
with the capabilities of the respective schools
using this methodology.
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Fig. 1. Lung zones in the chest ultrasound examination according
to the protocol of Soldati et al (17).

Fig. 2. Pulmonary pathological findings in COVID-19 and their
evaluation according to the scoring system of Soldati et al (17).

Attempts to standardize ultrasound exami-
nation in patients with COVID-19 are made by
teams from Italy, one of the countries most
affected by the pandemic. Soldati G. et al offer
scanning of the lungs in a total of 14 zones: 3
posterior, 2 lateral and 2 anterior zones for
each of the two lungs symmetrically, using the
diaphragmatic surface as a starting point of the
study with a subsequent movement of the
transducer in the cranial direction (fig. 1). Prefer-
red are abdominal and linear transducers and a
low mechanical index (< 0.7), as a higher one
with a prolonged monitoring of the lung could
lead to additional damages (16). Soldati G. et al



Ha 6enus opob 6y Mmorbn Aa noeege Ao AONbI-
HuTenHaTta My yBpega (16). Soldati et al. o603Ha-
YyaBaT Ype3 TOUKOBA CUCTEMA PA3SINUYHUTE MNaTo-
JIOTMYHU HAaxoaKu (dur. 2), KaTo BbB BCAKO Mofe
(30Ha) MOCTaBAT Hal-BMCOKOTO HabnofgaBaHO
uncnoHaToukysaHe (10,11,17):

0 TOuKI: CMTyaLWs, MPU KOATO BUCLIepasiHa-
Ta nieBpasnHa INHKA e ragKa U HEMPeKbCHaTa, C
Hanuume Ha A-fIHWK, BU3yanu3npaHu npu Hop-
ManeH 6enoapo6eH NapeHXmM.

1 TouKa: BrCLiepasiHaTa naespassHa JnHNA e
3arybuna cBosTa MafKocT, Ha3bOeHa e, ¢ Bu3ya-
nr3auma Ha B-nuHUKM nopagun 30HU Ha nopa<e-
Hue B 6enoapobHUs NapeHXUM, KbAETO Bb3aYyLL-
HOTO CHADBPKUMO € 3aMECTEHO OT TEYHOCT, KPbB
WM TbKaH, CbLMTe NpoBeXAall PeCneKTUBHO
YNTPa3BYKOBUTE Bb/IHV BbB BUA Ha BEPTUKANHA
apTedakTu.

2 TOUKMW: BUCLIepasiHaTa nyieBpa e CbC CUIHO
HapyLUeHa r1afKoCT, KaTo HEMOCPEACTBEHO Mog,
Hea ca Hanuue Manku KOHconupauuu, KbaeTto
napeHxumbT e 06e3Bb3ayLIEeH 1 NPOBEXAaa Y-
TPa3BYKOBUTE BbBJIHU C aKCyCTMYHATa Crocob-
HOCT Ha MeKW TbKaHW, @ Ha MecTa e Hanuue v UH-
TepdpeprpaHe Ha BbJIHUTE CbC 30HU CbC 3anase-
Ha aepauus.

3 TOUKM: CKaHMpaHaTa 30Ha AeMOHCTpMpa
MABTHU U TONIEMU 30HU HA KOHCONMZAUMA C Un
6e3 Bb3ayLIHA OPOHXOrpaMa WM MynTUMIEHN
KoHdnyupalwm nomexgy cv B-nuHunm (,6an” 6an
Apo6).

CLUE PROTOCOL

COVID-19 TopakaneH yATPAIEYK B EASLHOTO OTREAEHME

denote by a point system the various patholo-
gical findings (fig. 2), setting in each field (zone)
the highest observed number of scoring (10,11,
17):

0 points: A situation in which the visceral
pleural line is smooth, regular and continuous,
with the presence of A-lines visualized in a
normal lung parenchyma.

1 point: The visceral pleural line has lost its
smoothness, is indented, with visualization of B-
lines due to areas of damage in the lung paren-
chyma where the air contents are replaced by
fluid, blood or tissue, the same conducting res-
pectively the ultrasound waves in the form of
vertical artifacts.

2 points: The visceral pleura has a severely
disturbed smoothness, and immediately below
the indentations there are small consolidations,
where the parenchyma is deaerated and con-
ducts ultrasound waves with the acoustic ability
of soft tissues, in some places demonstrating
interference of waves with areas of preserved
aeration.

3 points: The scanned zone shows dense and
large areas of consolidations with or without air
bronchogram or multiple confluent B-lines
("white" lung).

CLUE PROTOCOL

COVID-19 TopakaneH yATRAIEYE B CASLMOTO OTREAEHME
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Our. 3. CLUE — npotokonbt, u3non3aH ot Manivel et al (5).

HarnegeH npumep e v nNpeanoXeHuUAT oTt
Manivel V. et al. (ABcTpanua) npotokon CLUE
(COVID-19 lung ultrasound in emergency de-
partment, ¢ur. 3) 3a ckaHUpaHe Ha 6onHUs B
YCNOBUKATA Ha creLwwHo otaeneHue (5). Manivel et
al. npunarat ropens6poeHnTe exorpadpcku Kpu-
TEpUM 3a HaMuve Ha naTosiornyeH obpas npwu
CKaHMpaHe Ha 6enofgpobHMA MapeHXMM, KaTto
pa3fensT cblyus Ha 12 cMMeTpUYHM 30HU (Mo-
nera) - 6 3oHu BaacHo (R1-6) n 6 30HM BNABO
(L1-6). TexHuTe pe3yntatu Npy NauueHTn Ae-
MOHCTPUPAT MO-TEXKO U NPEAOMUHAHTHO 3a-
cAraHe oT MHPeKUUsTa Ha MOCTEPUOPHIUTE 30HN
Ha 6enute poboOBe, PeCneKTUBHO 3aTpyLHABa-
Wo obpaboTBaHeTO Ha GONEH B NPUHYAUTENHO
nerHano nonoxexue (15). Manivel et al. npegna-
raT 1 M3MOM3BaHETO Ha cMCTeMaTa 3a OLeHKa
Ha yCTaHOBeHUTe 6enoApo6HN N3MeHeHus
LUSS (lung ultrasound scoring system), Bb3
OCHOBA Ha KOATO MOXe Aia Ce OCHLUEeCTBM TPraX
Ha NauueHTWTe B CbOTBETHUTE 3BEHA 3a JIeYeHe
-y IOMa, B TEpaNeBTNYHA KITMHUKA U B HTEH-
3UBHO OTAENIEHNE B 3aBUCMMOCT OT CbbpaHuTe

Fig. 3. CLUE — the protocol, applied by Manivel et al (5).

An illustrating example is also the CLUE-pro-
tocol (COVID-19 lung ultrasound in emergency
department, fig. 3), proposed by Manivel V. et al
(Australia) for scanning evaluation of patients in
emergency departments (5). Manivel et al appli-
ed the above mentioned ultrasound criteria for
the presence of pathological images when scan-
ning the lung parenchyma, dividing the same
suitably into 12 symmetrical zones (fields) - 6
zones on the right (R1-6) and 6 zones on the
left (L1-6). Their results in patients establish
more severe and predominantinvolvementfrom
the infection of the posterior areas of the lungs,
res-pectively complicating the performance of
the examination of a patient in a forced supine
posi-tion (15). Manivel et al also suggest the use
of the lung ultrasound scoring system (LUSS),
which can be applied for a triage of patients to
the relevant treatment units — at home, in a
therapeu-tic clinic or in an intensive care unit,
depending on the points collected during the
review (2,18). According to this scoring system,
the normal lung parenchyma shows 0 points,
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npuv npernega Toukun (2, 18). Cnopep 1asn cucte-
Ma HOPMasnHUAT 6enofpobeH NapeHXUM eMOH-
ctpupa 0 Touku, neko 3acaraHe ot COVID-19 e
Ccbc c60p 1-5 TOUKU, yMEPEHO TEXKO > 5-15 Tou-
K N TEXKO > 15 Toukn. Tazm cnctema Ha oLeHKa
Te npepgnarat Aa 6bae 13non3BaHa napanenHo c
KIMHWYHMA O6EKTMBEH CTaTyC Ha MauuveHTa u
roKasaTenuTe Ha OKcuMreHaums ¢ uen no-6bp3o
B3MIMaHe Ha pelueHue Kbhe OonHMAT ga 6bae
HacTaHeH. bonHuTe C usmeHeHua Tnn nekn” ce
npengnaraT 3a MeHa)upaHe B JOMaLLHW YCIOBUA,
YMEPEHO TEXKOTO" 3acAraHe e MHAUKaUMA 3a
XOCNUTanm3auus, a, TeXKoTo" 3a NpremM B HTEH-
3MBHO OTAeneHne. Kato HegoCTaTbK € ynomeHat
baKTBT, Ue TO3M NPOTOKOS KbM MOMEHTa € Moj-
NOXeH Ha MalabHo KNMHMYHO TecTBaHe B ABC-
Tpanua n Hoea 3enaHama npu nauueHTu ¢
COVID-19 n pocera ouje He ca U3BECTHW AaHHUTe
[l0 KaKBa CTereH yTpa3ByKoBUTe 0bpasu Kope-
NMpPaT C NpPorHo3sata 1 GMHanHMA n3xopg ot 3abo-
naaHeTo. CbLIO Taka MeToAbT MOXe Aa 6bae
NPUNIOXKEH OT omnepaTop € o6bp onuT B TOpa-
KasIHOTO yNTpa3BYKOBO U3cneasaHe n Manivel et
al. ro cumTaT 3a HeymecCTeH Npu TenbpBa 0byua-
BaLLVi Ce B PUNOXKEHNETO My.

Lpyr npensnioxeH 3a ynTpa3ByKOBO M3cC/eq-
BaHe npotokon npu COVID-19 e To3u Ha Frierd-
rich S. et al, TexHnyecknat yHnsepcuteT B MioH-
xeH (Klinikum rechts der Isar), Bb3npuert 3a npu-
noxeHwue ot EBponerickata Oegepauus Ha Aco-
umnaumuTe no Yntpassyk B MeguumHaTa v buono-
ruata (EFSUMB). Mpwu Hero 6ennTe apobose Cb-
WO Ca pa3feneHn Ha CUMeTpPUYHK nosneTta — 6
BAACHO 1 6 BNABO: CbOTBETHO MO 2 NpeAHu Kpa-
HWanHW, 2 NpefHN KayganHy, 2 natepasHu Kpa-
HUWanHu, 2 6asanHu KayganHu, 2 [op3anHu Kpa-
HUaNHW 1 2 fop3anHu Kayaanuu (our. 4).

MU o Lung Ultrasound (LUS) Protocol n|peGcum

Name
Age Examiner

Patients position prone position  supine position sitting position

Respiration assisted controlled ventilation

Convex transducer Linear transducer Pocket ultrasound device  Documentation:

Ultrasound device

Clinical signs

Date of first complaints
positive test for COVID-19

chest X-ray CT of the thorax

Comorbidities no yes, which
asthma CoPD

cirrhosis of the liver

other lung diseases heart disease diabetes cancer HIV

renal failure immunosuppression

Smoker: yes no

Clinical suspicion of COVID-19  no yes

follow-up via ultrasound

mild COVID-19 involvement has a total amount
of 1-5 points, moderately severe > 5-15 points,
and severe > 15 points. The team proposes the
application of this evaluation system to be used
in parallel with the patient's clinical objective
status and oxygenation parameters in order to
make a quicker decision where to place and
whether to hospitalize the patient. Patients with
alterations typed as "mild" are offered for mana-
gement at home, "moderately” affected are indi-
cated for hospitalization, and "severe" — for ad-
mission to the intensive care unit. A disadvanta-
ge is the fact that this protocol is currently
undergoing large scale clinical trials in Australia
and New Zealand in patients with COVID-19, and
itis not yet known to what extent the ultrasound
images correlate with prognosis and final out-
come. Furthermore, the method can be applied
by an operator with a good experience in thora-
cic ultrasound examination and Manivel et al
consideritinappropriate for beginners.

Another ultrasound protocol proposed for
COVID-19 examination is the one of Frierdrich S.
et al from the Technical University of Munich
(Klinikum rechts der Isar), accepted for applica-
tion by the European Federation of Ultrasound
Associations in Medicine and Biology (EFSUMB).
According to this document the lungs are also
divided into symmetrical fields — 6 on the right
and 6 on the left side: 2 anterior cranial, 2 an-
terior caudal, 2 lateral cranial, 2 basal caudal, 2
dorsal cranial and 2 dorsal caudal, respectively
(fig.4).
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Qur. 4. NpoToKOABT 32 YNTPA3BYKOBO U3CNIEfBAHE
Ha Frierdrich et al, Bb3npuet ot EFSUMB (4).

B TO31 NpoTOKON NUMNCBa CUCTEMA Ha TOYKY-
BaHe, a BbB BCAKO Mosie ce 0TOenA3Ba 3a Hannume
Ha ¢parmeHTMpaHe Mo BUCLiepanHaTta naeBpa,
KOHCconuaumu, Bb3gywHa 6poHxorpama, B-
NINHWW 11 € NOCTaBEHO OTAENHO MoJie 3a Hannyre
Ha nneBpanHu n3nuau (4). Tosn NpoToKon e yao-
6eH 3a paboTa ako HenoCcpeaCcTBEHO NPUCHCTBA

Fig. 4. The protocol for ultrasound examination of Frierdrich et al,
adopted by EFSUMB (4).

There is no evaluated scoring system in this
protocol, and in each field it is noted for the
presence of fragmentation of the visceral pleura,
consolidations, air bronchogram, B-lines. A sepa-
rate field for the presence of pleural effusions is
placed (4). This protocol is convenient for wor-
king if it is directly present printed in front of the



pasrneuvaTtaH npepg oneparopa, KaTo NPeanmMHo e
NPUrofieH 3a xopa B NPUHYAMTENHO JIerHano
MOJIOXKEHNE, PeCcrnekTVBHO TakuBa, HamypaLm
Ce Ha NeyeHne B MHTEH3VBHU eanHULN. BaxeH
HeloCTaTbK obaue e fiuncata Ha TOUKyBaHe U
CbOTBETHO Ha CTafiMpaHe Ha TeXecTTa Ha aHra-
XKMpaHe oT HbeKuuATa.

bbnrapckara penicTBUTENHOCT

B bbnirapna KbM MOMeHTa BCe OLLie HAMa pas-
paboTeH efVHEH MPOTOKON 3a YNTPa3ByKOBO
n3cnepBaHe Ha Topakc npu naumeHTn ¢ COVID-
19. Bb3MOXHM NpMUMHK 3@ TOBA Ca KaKTo NvM-
caTa Ha exorpadcko obopyaBaHe OT BUCOK Knac
W LWIMpoKaTa JOCTBMHOCT Ha CbLOTO B Pa3fny-
HVTe neyebH 3aBeeHNA N CTPYKTYpY 3a fobon-
HUYHa MOMOLL, Taka M HeAoCTaTbUHUAT 6poN
KBanUUUMpPaHM Kagpu, KOUTO [a WU3MbIHSABAT
MeTOAMKaTa B MbJieH 06eM, CbLLO 1 BCe OLLe pas-
NPOCTPaHEHOTO ,CXBalLaHe", ye YNTpa3ByKbT He
€ MeTof C fOCTaTbYHO ronama MHGoOpPMaTUBHOCT
Mo OTHOLIeHWe Ha M3csieflBaHe Ha TopaKasiHu
CcTpyKTYypu. Cuntame, ye NPUOXKEHO B pbLieTe Ha
[oCTaTbyHO KBanuduumpaH onepaTtop, ynTpa-
3BYKOBOTO U3C/leiBaHe Ha TOPaKC e B CbCTOAHME
[la opueHTUpa 6bP30 KNNHMLMCTA 3a TeXecTTa
Ha NaTonornaTa, Pa3npPoCcTpaHeHOCTTa Ha Cblua-
Ta B CTPYKTypuTe Ha 6enute apoboBe 1 CboTBeT-
HO [a noAmnoMOrHe HaBpemeHHUA n36op 3a
TepanusA Npuv nauneHTa 1 fa Hacouu B MOBEYETO
Cnlyyan MporHosaTta KbM Hal-6naronpuATHUA
nsxop. MNpepcton obobuiaBaHe Ha JaHHWTE OT
CKaHnpaHu naumeHTn ¢ COVID-19 B ycnosuaTa
Ha HEVHTEH3UBHU CTPYKTYPU 3a NeYeHne, KakTo
M OLEHKA Ha MPWIOKUMOCTTa Ha PasnyHUTE
pa3paboTeHn uyxgecTpaHHW NPOTOKONW B YC-
noBuATa Ha paboTaTta Ha 6bArapcKkmTe eKnmnm.

Kuuronuc:
References:

operator, and is mainly suitable for people in a
forced lying position, respectively those who are
being treated in intensive care units. However, an
important disadvantage is the lack of scoring
and the staging of the severity of involvement
fromtheinfection.

The Bulgarianreality

In Bulgaria, there is currently no unified pro-
tocol for chest ultrasound examination in pati-
ents with COVID-19. Possible reasons are the lack
of high-class ultrasound equipment and its avai-
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Pesiome

XpoHuuyHaTa 06CcTpyKTBHa 6enonpobHa 6onect (XOBB) e uecTo cpellaHa, NpefoTBpaTUMA 1
M3NCKBalLa NeyeHne Gonect, xapakTepu3aupalla ce C NepcucTmpaliy pecnMpaTtopHn CUMNTOMU 1
OpOoHXManHa O6CTPYKUUs BCNEACTBME HA HapYyLeHWA B AWXATeNHUTEe MbTUlA W/WAW anBeosinTe,
o61vaiHO Npeau3BMKaHU OT BpedHM yacTuuum 1 rasose. lNaToreHe3ata Ha XOBb e cnoxHa n
nogsiexkalymTe KIeTbYHM U MONEKYHN MeXaH/3MM BCe OLe He Ca HaMmbiHO npoyyeHu. B nocnegHute
rOAVIHU Ce yCTaHOBW, Ye e03MHOUNNTE BEPOATHO yYacTBaT BbB Bb3nanutenHua otrosop npu XOBB.

XeTeporeHHocTTa npun XOBb e cBbp3aHa Cc peauua AMArHOCTUYHU, NMPOTHOCTUYHU ”
TepaneBTUYHU NPeAU3BMNKATENCTBA. JIMNCBAT HAZEXAHW, AOCTBIHU U KITMHUYHO 3HAUMMK GUOMapKepu
3a pa3rpaHuyaBaHe Ha oTAenHuUTe GeHoTUMNN.

HacToAwarta ctatma pasrnexpa ponAta Ha eo3MHoounute B npoTuyaHeto Ha XOBb wu
BbB3MOXHOCTUTE 3a ynoTpebata UM Kato 6uomapkep. GOLD npenopbusa ynotpebata Ha e03HOGUIHUA
6poi1 KaTo 6rioMapKep 3a epeKT oT neyeHneTo ¢ ICS Npy NaureHTH ¢ YecTn ek3auepbaumn Ha XOBB.
Bbnpekn ye HAKOM NpoyuyBaHMA MOTBbPXKAABAT Te3n pe3ynTaTy, IMMNCBa BanuampaH KpuTepun 3a
ynotpebata MM B peanHaTa KIMHWYHA NpakTuKa. [lo MOMeHTa HAMa U JaHHW 3a nojKkpena Ha
6uvonornyHaTa Tepanusi Npv naumeHTy c eosnHoduneH XOBbbB.

KniouoBu gymu: XObb, eo3uHodunm, briomapkep, eksauepbauunu, ICS
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Abstract

Chronic obstructive pulmonary disease (COPD) isa common, preventable, and treatable disease
characterized by persistent respiratory symptoms and airway obstruction due to disturbances in the
airways and/or alveoli, usually caused by harmful particles and gases. The pathogenesis of COPD is
complexand the underlying cellularand molecular mechanisms have not yet been fully studied. In recent
years, it has been found that eosinophils are likely to be involved in the inflammatory response in COPD.

Heterogeneity in COPD is associated with many diagnostic, prognostic, and therapeutic
challenges. There are no reliable, accessible, and clinically relevant biomarkers for distinguishing
individual phenotypes.

This manuscript examines the role of eosinophils in the course of COPD and the possibilities for
their use as a biomarker. GOLD recommends the use of the eosinophil count as a biomarker for the effect
of ICS treatment in patients with frequent exacerbations of COPD. Although some studies confirm these
results, there is no validated criterion for their use in clinical practice. There are currently no data to
support biological therapy in patients with eosinophilic COPD.

Keywords: COPD, eosinophils, biomarker, exacerbations, ICS
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BbBeageHne

XpoHuyHaTa 06CTpyKTUBHA 6enopgpobHa 6o-
nect (XOBb) e yecTo cpelyaHa, npegoTBpaTuma 1
M3nCKBaLla neveHve 6onect, xapakTepmsnpalya
ce C nepcucTmpaLLm pecnmpaTopHu CUMNTOMU U
6poHXManHa 06CTpyKUUA BCNEACTBME Ha Hapy-
WeHWsA B AUXaTeNlHMTe MbTuLia W/Unu anBeo-
nute, 06MYaHO Npeau3BUKaHU OT BpedHY Yac-
TMum un rasose (1). MNatoreHesata Ha XOBb e
CNOXHA U NOANEXALLUNTE KIIETBYHM Y MONIEKYSTHN
MEeXaHU3MM BCe OLLe He Ca HaMbJIHO NPOoyYeHU
).

XeTeporeHHocTTa npy XObb e cBbp3aHa c pe-
Arla ANarHoCTUYHK, NPOrHOCTUYHU 1 Tepanes-
TUYHU NpeAn3BrKaTencTaa. JInnceat HaaexaHw,
LOCTBMHM U KIIMHUYHO 3HauMMu Gromapkepm 3a
pasrpaHuyaBaHe Ha oTaenHute deHoTMnNu. Bb-
npekKu Ye Bb3nanuTenHaTa KOMMNOHeEHTa Beye He
e yacT ot onpepeneHneto, GOLD BbBexga bpos
Ha eo3snHodunmTe B KpbBTa (BEK, blood eosino-
phil count) KaTo mapkep 3a oLeHKa Ha eduKac-
HOCTTa Ha WHXanaToOpHUTE KOPTMKOCTepouau
(ICS) npu npeBeHUUs Ha ek3aLepbaunnTe.

HacTtoAwara ctatma pasrnexpa ponAta Ha
eo3nHodunuTe B npotnyaHeto Ha XOBb 1 Bb3-
MOXHOCTUTE 3a yrnoTpebaTta UM Kato bromap-
Kep.

EosunHo¢unHo Bb3naneHne npu XObb

OcHoBHa xapaktepuctnka Ha XObb e Hey-
TpodunHoTo Bb3naneHue (2), Ho 20-40% ot na-
LUMeHTMTe OeMOHCTpUpaT eo3nHoduneH deHo-
T1n (3-6). NocnegHWAT ce xapakTepusnpa C eKkc-
npecva Ha TMN 2 mMeguaTopu B JuxaTesiHuUTe
MbTULLA, KOUTO Ca XapaKTepHU 3a 6poHXManHaTa
actma (7). ColyectByBaT AOPU U CMECEHU (HeyT-
podunHN 1 e03nHOGUNHK) GeHOTUNK, NPU KoW-
TO OTAENTHUTE KOMMOHEHTM Ca 3aCTbMeHN B pas-
JINYHU CbOTHOLIEHUA. Taka NPoPpunbT Ha beno-
Apob6HoTO Bb3naneHve npu XObb 1 actma e cxo-
[EeH, KaTo pasfiMKNTe Mexay eo3MHOGUIHNA 1
Heeo3nHOUHMA GeHOTUN He 3aBUCAT OT 3a00-
NABaHeTO.

EosuHodunmTe ca Bb3NANUTENHN NEBKOUU-
TN, cbCTaBnaABawm 1-4% ot neBkouuTute (8).
OndepeHumaLmaTa OT XxeMoNoeTUYHa CTBONIOBA
KneTka B 3pan eo3nHodumn e 3aBucMMa OT rpa-
HYJIOLUT-MOHOLMTHUA KONIOHUA-CTUMYNMpPaLL
¢daktop (GM-CSF) 1 IL-3, a no-KbcHo 1 oT IL-5,
KOWNTO e crneundunyeH eo3nHOOUEH pPacTeXeH
dakTop. Cnep Kato y3penT, Te HaBNM3aT B CUC-
TEMHATa LMpKynauus v MUrpupaT B ractpo-
WHTECTUHANHUA TPAKT U TMyca (8). OnucaHu ca
[Ba Tuna eosnHodunm — IL-5-He3aBucumMu, Hamu-
palym ce HopMasHo B 6efoapPobHMA NapeHXM,
1 IL-5-3aBrcnmu, murpmupatlu no Bpeme Ha anep-
rMyHo Bb3naneHue (9). T. Hap. ,XOMeoCTaTNYHK
eo3nHoounmn” ce HammpaT B 6enogpobHmn
napeHxmMm, KbaeTo e HabnwpaBaHa BpPb3Ka
MeXAy TAXHOTO MPUCHCTBUE, Pa3BUTUETO Ha
MUKPOOMOTa 1 ponsaTa UM B UHXMOMpaHe Ha Th2-
obycnoseHun otroBopu (10).

Eo3snHodunute yyactBat BbB Bb3nanutesn-
Husi otroBop npu XOBb. EosnHodunHata uH-
buNTpauusa HacTbMNBA, KOraTo Bb3MajuUTENHU
CUTHaNW CTUMynunpaT ekcnpecrsa n/vnu akTmea-

Introduction

Chronic obstructive pulmonary disease
(COPD) is a common, preventable, and treatable
disease characterized by persistent respiratory
symptoms and airway obstruction due to distur-
bances in the airways and/or alveoli, usually cau-
sed by harmful particles and gases (1). The pat-
hogenesis of COPD is complex and the under-
lying cellular and molecular mechanisms have
notyetbeen fully studied (2).

Heterogeneity in COPD is associated with
many diagnostic, prognostic, and therapeutic
challenges. There are no reliable, accessible, and
clinically relevant biomarkers for distinguishing
individual phenotypes. Although the inflamma-
tory component is no longer part of the definiti-
on, GOLD introduces the blood eosinophil count
(BEC) as a marker for assessing the efficacy of in-
haled corticosteroids (ICS) in preventing exacer-
bations.

This manuscript examines the role of eosino-
phils in the course of COPD and the possibilities
fortheir use as a biomarker.

Eosinophilicinflammationin COPD

The main feature of COPD is neutrophilic
inflammation (2), but 20-40% of patients demon-
strate an eosinophilic phenotype (3-6). The latter
is characterized by the expression of type 2 me-
diators in the airways, which are characteristic of
bronchial asthma (7). There are even mixed (neu-
trophilic and eosinophilic) phenotypes in which
the individual components are present in diffe-
rent proportions. Thus, the profile of pulmonary
inflammation in COPD and asthmaiis similar, with
differences between the eosinophilic and non-
eosinophilic phenotypes independent of the
disease.

Eosinophils are inflammatory leukocytes that
represent 1-4% of leukocytes (8). Differentiation
from a hematopoietic stem cell to a mature
eosinophil is dependent on the granulocyte-
monocyte colony-stimulating factor (GM-CSF)
and IL-3, and later on IL-5, which is a specific
eosinophilic growth factor. Once mature, they
enter the systemic circulation and migrate to the
gastrointestinal tract and thymus (8). Two types
of eosinophils have been described - IL-5-inde-
pendent, normally found in the lung parenchy-
ma, and IL-5-dependent, migrating during aller-
gicinflammation (9). The so-called "homeostatic
eosinophils" are found in the lung parenchyma,
where a link has been observed between their
presence, the development of the microbiota,
andtheirroleininhibiting Th2-mediated respon-
ses(10).

Eosinophils are involved in the inflammatory
response in COPD. Eosinophilic infiltration oc-
curs when inflammatory signals stimulate the
expression and/or activation of adhesion mole-



LUMA Ha afixe3MOHHY MOJNEKYNN BbpXy OPOHXU-
anHMA CbA0B eHaoTen u enuten. BbananutenHn
CTUMYNM MPUBAMYAT €o3uHoduUnu B Henute
ApoboBe, KbaeTo peaunua xemoknHu (CCLS5,
CCL11, CCL13), unmTOoKUHU (MHTepneBkuH (IL)-2,
IL-3, IL-4, IL-5, IL-10, IL-12, IL-13, IL-16, IL-25) n
LUMTOTOKCMYHU NPOAYKTU ycuneaT Bb3nane-
Hueto (11-15). Eo3nHOPUNHMAT Bb3NanMTeneH
OTrOBOP BCE OLLE He e HAMbJIHO MPOYY€EH, HO MO-
e [la ynecHu Bb3HMKBaHETO Ha eK3auepbauun
(16). Han-BepoATHWTE NPUUYNHK 3a yBENUYeHaTa
yecToTa Ha ek3auepbauum npu eo3rHOPUIHO
Bb3MaseHne ca OTOK, pemofenpaHe Ha Auxa-
TeJIHMTE MbTHULLA, NPOU3BOLCTBO Ha MYKYC M MPO-
MsAHa Ha reomMeTpusiTa Ha AMXaTeNHUTE NbTULWA
(17).

HapyweHata ¢yHKUMA Ha makpodarute 3a
YHULLOXaBaHe Ha anonTo3HW eo3nHoGUAN Npu
XOBb Bogn fo0 ocBOGOXAaBaHe Ha BbTpeKsie-
THUYHU NPOUNHPIAMATOPHN LIUTOKUHUN 1 € CBBbp-
3aHa C yBeslueHa TeXeCT U YecToTa Ha eKk3allep-
6auuute (18). TUMYCHUAT cTpomaneH numdo-
noeTuH U IL-33, cekpeTrpaH oT eNUTENHUTE KfeT-
KW, BOAAT 4O MPUBMYAHETO M aKTMBaLMATa Ha
Th2 n T2 numdongHun knetkun (19). Te npon3Bex-
nat pegunua Th2 untokuHm Kato IL-4, [L-5 n IL-13.
IL-5 ctmynupa gudepeHumaumsaTa Ha eo3rHO-
bUnM OT KOCTHOMO3BUYHUTE MPEKYPCOPU U Y bI-
aBa XMBOTa UM B AuxaTtenHute nbruwa (2).
KakTo naumeHTnTE C acTMa, Taka n Te3un ¢ XObb,
UMaT yBenmnuyeHa ekcnpecusi Ha IL-33 B OpoH-
XManHaTa MyKo3a B CPaBHEHME CbC 3[paBHU
KOHTponu (20). B sonbnHeHne, ycTaHOBEHA € Mo-
BMCOKa KOHUeHTpaLumaA Ha IL-33 B xpauka 1 KpbB
npu nayneHtn ¢ XObb n Bncok eosnHoduneH
6poii BxpauKa (21).

BposT Ha eo3nHOdUNUTE Bapupa B pas3niny-
HUTe 6enoapPobHY OTAENN U CbOTBETHO MMa pas-
NNYHN pedepeHTHN CTOMHOCTM (MHAYUMpaHa
Xpauka, bpoHxuanHa 6ruoncusa, bAJT) (22). Eosu-
HodunMATa B Xpayka obuualriHo e gedrHupaHa
KaTo >3% OT BCUYKN HeenuTesHN KneTku (23),
pokato B bAJ1 e npreTa rpaHnyHa CTOMHOCT OT
>1% (24). JluncBa obaue Kopenauums mexpy
eo3nHodUNUTE B UHAYUMpPaHa Xpauka, BAJT un
6poHxmanHa buoncus (22,25,26).

KnuHnYHM xapaKTepucTnukm

Eo3znHodunHmat XObb npepctaBnasa XObb ¢
ycTonums BEK >2% (4%), =150 (=300) knetkun/uL
n/vinn eosnHoduUnM B Xpauka =2% (=3%). Town
o6xBaua 32-40% ot nauymeHTtute (5,27-29).
[aHHUTe 3a NoTeHUManHUTe Pasnnkn B KNMHWY-
HUTE XapaKTepucTukn npu naumeHtTn ¢ XObb n
€03MHOMUNHO 1 HeyTPodUNHO Bb3NaseHve ca
OorpaHnyeHn, a pesynTaTuTe — Pa3HOMOCOYHM.
Hsakown aBTopm ycTaHoBABaT No-Bucok ®EOT npn
,HEO3VMHOOUNHN" NaUMEHTN B CpaBHEHME C Na-
umeHTM ¢ BUCoK BbEK (5,30). Jpyrn npoyyBaHusa
obaue He HamMMpaT passivka B TEXeCTTa Ha 06-
cTpyKumATa (27,31). YcTtaHOBEHO e 3HauMmo Mno-
BMCOK AAN Ha eo3nHodUIM B Xpauka npu nayu-
€eHTU C BMCOKa 06paTUMOCT Ha 06CTpyKUMATa
(yBennyeHne Ha ®EO1 >15% n >400 ml) (31), Ho
He 1 NpY FPaHUYHN CTONHOCTU 3a YBeNnyeHne
Ha®EO1>12%mn>200ml(31,32).

cules onthe bronchial vascular endotheliumand
epithelium. Inflammatory stimuli attract eosino-
phils in the lungs, where several chemokines
(CCL5, CCL11, CCL13), cytokines (interleukin (IL)-
2,1L-3, 14, IL-5,1L-10, IL-12, IL-13, IL-16, IL-25) and
cytotoxic products enhance inflammation (11-
15). The eosinophilic inflammatory response has
not yet been fully studied, but may facilitate the
occurrence of exacerbations (16). The most likely
causes of the increased incidence of exacerba-
tions in eosinophilic inflammation are edema,
airway remodeling, mucus production, and
changesinairway geometry (17).

Impaired macrophage function to destroy
apoptotic eosinophils in COPD results in the
release of intracellular proinflammatory cyto-
kines and is associated with increased severity
and frequency of exacerbations (18). Thymic
stromal lymphopoietin and IL-33 secreted by
epithelial cells lead to the attraction and activa-
tion of Th2 and T2 lymphoid cells (19). They pro-
duce several Th2 cytokines such as IL-4, IL-5, and
IL-13. IL-5 stimulates the differentiation of eosi-
nophils from bone marrow precursors and pro-
longs their life in the airways (2). Both patients
with asthma and those with COPD have increa-
sed expression of IL-33 in the bronchial mucosa
compared to healthy controls (20). Also, higher
concentrations of IL-33 in sputum and blood
have been found in patients with COPD, and high
eosinophil countsinsputum (21).

The number of eosinophils varies in different
lung compartments and accordingly has diffe-
rent reference values (induced sputum, bron-
chial biopsy, BAL) (22). Eosinophilia in sputum is
usually defined as >3% of all non-epithelial cells
(23), while a cut-off value of >1% is accepted in
BAL (24). However, there is no correlation bet-
ween eosinophils in induced sputum, BAL, and
bronchial biopsy (22,25,26).

Clinical features

Eosinophilic COPD is a COPD with persistent
BEC =2% (4%), =150 (=300) cells/uL and/or
eosinophils in sputum >2% (>3%). It represents
32-40% of patients (5,27-29). Data on potential
differences in clinical characteristics in patients
with COPD and eosinophilic and neutrophilic
inflammation are limited and the results are
mixed. Some authors found a higher FEV1 in
"non-eosinophilic” patients than in patients with
high BEC (5,30). However, other studies have
found no difference in the obstruction severity
(27,31). Significantly higher proportions of spu-
tum eosinophils were found in patients with
high bronchial reversibility (increase in FEV1
>15% and >400 ml) (31), but not at cut-off values
for an increase in FEV1 >12% and >200 ml
(31,32).
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HuBOTO Ha eo3mMHOGUNNTE B KPbBTA He MNo-
Ka3Ba Bpb3Ka C TeXXecTTa Ha cumntomuTe (26,33).
EnHo npoyuBaHe obaue ycTaHOBsiBa NMpaBo-
NPOoMNopPLNOHANHO NoaobpeHne B KAUeCTBOTO Ha
>KMBOT MPW MaLUMeHTU C BUCOK eo3nHobuneH
6poi nneyeHne cICS/LABA (34).

KaTo usano naymeHtuTe ¢ >2% eo3nHoduneH
6poi1 ca No-Bb3paCTHU, MPEAMMHO MbKe, OBLUN
nywauun, nmat no-smcok ®EO1 n no-HUCHK pe-
3ynTaT Ha CKanaTa Ha 3agyxa v BODE (6,35,36).

Tepanus v ek3auep6auun

Eo3nmHOOGUNHMAT 6poli MOXKe Aa NPOrHo3mpa
oTroBopa kbM ICS. EbekTbT Ha ICS HapacTBa npa-
BOMPOMOPLMOHAJTHO C yBeMYaBaHe Ha €03MHO-
dunHua 6pon (1,16,37,38). GOLD npenopbusa
rpaHvyHa Touka 3a BEK =300 knetkn/pL kato
MPOrHOCTMYEH MapKep 3a OTFOBOP KbM Tepanus
cICS, unn 2100 kneTkn/pL Npu NauneHTn C NoHe
[Be CpefHO TeXKW WM efjHa TeXKa eK3auep-
6auus npu nunca 3alOBOSINTENIEH KOHTPON OT
TepanusaTa ¢ 6poHxopunatatopu. PaHgomu-
3MpaHn NpoyYBaHMA MOKa3BaT MpaBoOMpPonop-
LIMOHAJTHO Ha e03MHOGUITHUS BPO HaManeHue
B YecToTaTa Ha eK3auepbauuute npu Tepanus c
ICS/LABA cnipamo LABA (33,37,39,40).

TbI KaTO TE3M rPaHNYHK CTOMHOCTM NonagaT
B pedepeHTHUTe rpaHnLKM 3a NoKa3aTens, neye-
HueTo c ICS TpabBa faa ce cbobpasu c yectoTaTa
Ha eKk3auepbauunTe (27,41-43). Taka Hanpumep
npoyusaHeto FLAME noka3Ba, ye KoMOUHaLus-
Ta LAMA/LABA e no-edeKkTBHa B HaMansBaHETO
Ha yecToTaTa Ha eKk3auepbaunnTe 1 3abaBsHe Ha
nbpBaTa ek3auepbauuma cnpsamo ICS/LABA nipu
naumMeHTUN C BUCOK (=2%) 1 HUCHK (<2%) e03UHO-
¢duneH 6poii (44,45), Ho epeKTbT HamassABa C Ha-
pacTBaHe Ha eo3nHoGUNHMA bpoit (45). TpsibBa
[a ce oTOenexu, ye B TOBa NPOyYBaHe ca N3KJio-
YeHU naumeHTn ¢ eosnHodunm >600 KneTkn/L,
a 80% oT naymeHTUTe Ca UManu camo 1 eKk3auep-
6auuA B NpeaxoaHaTta roanHa (44).

[lBa meTaaHanu3a mscneasat edrKacHOCTTa
Ha TpOWNHaTa Tepanua CpeLly ABOWHa TepanusA
(ICS/LABA, LAMA/LABA) n moHoTepanus (LAMA,
LABA). EpukacHocTTa Ha TpoliHaTa KOMOUHaUmA
He 3aB1CU OT e031HOGUITHUS BPOI B CpaBHEHME
¢ ICS/LABA (46). OT pgpyra cTpaHa fobassiHe Ha
ICS e cBbp3aHO C HamanABaHe Ha yecToTaTa Ha
eK3alepbaunnTe Npy NALMEHTHTE C MOBULLIEHN
eosnHodunu (47).

TpeTn meTaaHann3 NoKasga, Ye naumneHTuTe C
BMCOK e031HOMIEeH 6poit maT no-gobpa npor-
HO3a Mo OTHOLLeHMe Ha 6ONHMYEH NPeCTON, BbT-
pebonHnyHa cmbpTHOCT, DEO1T 1 prck oT apuT-
Munm (48). OcTpuTe ek3auepbaumm Ha XObb ¢ eo-
3uHodunma =300 kneTkn/pL nmat curindum-
KaHTHO (49):

- No-KpaTbK 60NHUYEeH npecTtoi (5 cpewty 7
AHW);

- MO-HUCDBK TepaneBTnYeH Heycrex (10.3%
cpely 27.4%);

- No-#00bp TepaneBTUYEH OTTOBOP KbM CUC-
TemHu kopTurkoctepouan (KC), ICS n 6poHxoau-
nataTtopu;

- NO-BMCOKa YecToTa Ha pexocnuTanun3aums
(72% cpewy 42.2%).

The level of eosinophils in the blood does not
correlate with the severity of symptoms (26,33).
However, one study found a proportional impro-
vement in quality of life in patients with high
eosinophil countand ICS/LABA treatment (34).

In general, patients with >2% eosinophils are
older, males, ex-smokers, with higher FEV1 and
lower scores on the dyspnea scale and BODE
(6,35,36).

Therapy and exacerbations

Eosinophil count could predict the response
to ICS. The effect of ICS increases in direct pro-
portion to the increase in eosinophil count (1,16,
37,38). GOLD recommends a cut-off point for
BEC =300 cells/pL as a prognostic marker for res-
ponse to ICS therapy, or =100 cells/uL in patients
with at least two moderate or severe exacerba-
tions without satisfactory control of bronchodi-
lator therapy. Randomized trials show that the
frequency of exacerbations decreases proportio-
nally to the eosinophil count with ICS/LABA
versus LABA therapy (33,37,39,40).

As these cut-off values fall within the referen-
ce range for the indicator, ICS treatment should
take intoaccountthe frequency of exacerbations
(27,41-43). For example, the FLAME study sho-
wed that the LAMA/LABA combination is more
effective in reducing the frequency of exacerba-
tions and delaying the first exacerbation compa-
red to ICS/LABA in patients with high (=2%) and
low (<2%) eosinophils (44,45), but the effect
decreases with increasing eosinophil count (45).
It should be noted that patients with eosinophils
>600 cells/uL were excluded from this study, and
80% of patients had only 1 exacerbation in the
previousyear (44).

Two meta-analyses examined the efficacy of
triple therapy versus dual therapy (ICS/LABA,
LAMA/LABA) and monotherapy (LAMA, LABA).
The efficacy of the triple combination was inde-
pendent of eosinophil count compared to ICS/
LABA (46). On the other hand, the addition of ICS
has been associated with a reduction in the
frequency of exacerbations in patients with
elevated eosinophils (47).

A third meta-analysis shows that patients
with high eosinophil count had a better progno-
sis in terms of length of hospital stay, in-hospital
mortality, FEV1, and risk of arrhythmias (48).
Acute exacerbations of COPD with eosinophilia
>300 cells/pL have significantly (49):

-shorter hospital stay (5 vs. 7 days);

-lower treatmentfailure (10.3%vs. 27.4%);

- better therapeutic response to systemic cor-
ticosteroids (CS), ICS, and bronchodilators;

- higher frequency of rehospitalization (72%
vs.42.2%).



lonam cnctematnyeH aHanus Ha 11 paHgomu-
3UpaHN NPOYYBAHMSA He NOKa3Ba BPb3Ka MeXay
eo3uHoduHMA 6poli 1 prcKa oT ek3aLepbaums
(50). MoBuweHunAatT BEK e puckoB dakTop 3a
eK3aLepbauus B HAKou npoyyBaHus (51-53), Ho
LPYrv aBTOpY He MOTBbPXKAABAT Te3u pe3ynTatu
(54,55). ToBa Haln-BepOATHO e CBBbP3aHO C Xapak-
TEPUCTUKMTE Ha nonynaumATa (mnca Ha eksa-
uepbauun B npefxonHaTa rogunHa) 1 neveHre ¢
ICS, KonTo MoraT fjla HaManAT yecToTaTa Ha eK3a-
uepbauunTe B HayanoTo Ha NPOyYBaHeTo, 0Co-
6eHO Mpu NauMeHT C BUCOK eo3nHOoueH
6poii. Bpb3kaTa Mexay yecToTaTa Ha ek3alep-
6aummTe N eo3nHOPUIHUS BPON e Hal-CUSHa
npu nNaumeHTn ¢ >2 ek3alepbauunm B npeaxoa-
HaTa rogunHa (53). CbLieBpeMeHHO, MpeMaxBaHe
Ha ICS oT TepanuATa Nnpu NaymeHTn ¢ BUCOK bEK
yBefyaBa 3HauyMMO YecToTaTa Ha ek3auepba-
uMnTe, 0CO6EHO MpU YecTn ek3sauepbaTopwu
(56-60). B npoyuBaHeto IMPACT HamaneHmeTo
Ha YyecToTaTa Ha ek3auepbauunTte NpuU TPonHa
Tepanua cnpamo LAMA/LABA ob6aue He 3aBucu
OT e03UHOGUNHMA 6poI (61).

BEK noka3Ba 3aBMCMMOCT He CamMo C OTroBOpa
KbM ICS, HO 1 KbM OpasiHN KoOpTUKocTepouau
(OKQ), puricka 3a ek3auepbaumsa, CMbPTHOCTTa 1
NPOABIIKNTENIHOCTTa Ha OONMHUYHMA NpPecTon
(16,51,62-64). TepanuaAta c OKC HamansABa eo3u-
HodunHMA 6poi cpefHo cbe 71 kneTku/pl (65),
nokato 3a ICS paHHuUTe ca cmeceHu (65-67).
Hannuneto Ha cnag B 6pos Ha eo3nHodUnuTe
cnep aByceamuyHo neveHune ¢ OKC e npegukTop
3a nonsa ot ICS (HamaneHme Ha yecToTaTa Ha eK-
3aulepbayuute) (68). ToBa Nnpeanonara epeKkTnB-
HocT Ha ICS camo npv naumneHTy C HaManeHue Ha
eo3uHodunHMA 6poni cneg Tepanus c OKC.

MaymneHTtnTe ¢ XOBb 1 BUCOK eo3nHodmNeH
6poi B CTabUIHO CbCTOAHME UMAT MO-BMCOKA
yecToTa Ha ek3auepbaynn. CblLieBpeMeHHO,
,€03UHOGUNHNTE" eK3aLepbaLm ca CBbp3aHu C
no-6bp30 Bb3CTaHOBABAHE 1 MO-B1COK Tepanes-
TUYeH ycrex npu neyeHune cbc cucteMHm KC
(49,63,69), a HUCKUAT eo3nHodUNeH Bpol e
CBbpP3aH C BfioweHa nporHosa (16,64,70). Hakon-
KO MpOoyyYBaHUA M3CsiedBaT posiATa Ha e03MHO-
dunHMA 6pon Kato GUoMapKep 3a MPOrHo3u-
paHe Ha edekTa oT cuctemHuTe KC npm eksa-
uep6auuna. He e yctaHOBeHa pasnuka B Tepa-
NeBTUYHMA Heycrnex Npu nayneHTuTe ¢ >2% eo-
3uHodunn, kouto ca nonyyasanu KC, cnpamo na-
LmeHTUTe € <2% eo3nHOUN, KOMUTO He Ca Nony-
yaanu KC (63). fTonamo paHaoMU3paHo Npoyu-
BaHe CbLUO He MoKa3Ba TepaneBTMYHa pa3fnka
npu nevenune ¢ KC camo Ha naymeHTute ¢ >300
KneTku/pL cnpsaMo KOHTPOsHa rpyna, nosy4yaBa-
wa KC, He3aBUCMMO OT e03UHOGUNHUA Gpoi
(71).

Ynotpe6ata Ha ICS npu naunenTn ¢ XObb u
eo3nHoPUNM =2% e CBbP3aHO CbC 3abaBAHe Ha
cnapa Ha ®EO1 (68), HO He BbB BCMYKYM NPOYY-
BaHuA (72). To3n edeKT ce 3anasea Jopu 1 npu
nyLwayu, Kouto obryanHo MMaT no-cnab oTro-
BOp KbM ICS cnpamo Henywauw (37,73).

ICS He nopo6psasat ®EO1T npu naumeHTH C
eo3unHoduneH 6pon =2% (33). Apyru npoyusa-
HMA obaye ycTaHoBsBaT, Ye TepanuATta c ICS/

A large systematic analysis of 11 randomized
trials did not show an association between
eosinophil count and the risk of exacerbation
(50). Elevated BEC s a risk factor for exacerbation
insome studies (51-53), but otherauthors do not
confirm these results (54,55). This is most likely
related to population characteristics (lack of exa-
cerbations in the previous year) and ICS treat-
ment, which could reduce the incidence of exa-
cerbations at baseline, especially in patients with
high eosinophils. The relationship between the
frequency of exacerbations and eosinophil co-
unt is strongest in patients with >2 exacerba-
tions in the previous year (53). At the same time,
withdrawal of ICS from therapy in patients with
high BEC significantly increases the frequency of
exacerbations, especially in frequent exacer-
bators (56-60). However, in the IMPACT study,
the reduction in the frequency of exacerbations
with triple therapy compared to LAMA/LABA did
notdepend on the eosinophil count (61).

BEC correlates not only with the response to
ICS but also to oral corticosteroids (OCS), the
risk of exacerbation, mortality, and length of hos-
pital stay (16,51,62-64). OCS therapy reduces the
eosinophil count by an average of 71 cells/uL
(65), while ICS data are mixed (65-67). The de-
crease in the number of eosinophils after two
weeks of OCS treatment is a predictor of the
benefit from ICS (reduction in the frequency of
exacerbations) (68). This suggests that ICS are
effective only in patients with decreasing eosino-
phil count after OCS therapy.

Patients with COPD and a high eosinophil
count in stable condition have a higher inciden-
ce of exacerbations. At the same time, "eosino-
philic" exacerbations are associated with faster
recovery and higher therapeutic success in treat-
ment with systemic CS (49,63,69), and low eosi-
nophil counts are associated with a worse prog-
nosis (16,64,70). Several studies have investi-
gated the role of eosinophil count as a biomarker
in predicting the effect of systemic CS on
exacerbation. No difference in treatment failure
was found in patients with >2% eosinophils who
received CS compared to patients with <2%
eosinophils who did not receive CS (63). A large
randomized study also did not show a treatment
difference in CS treatment in patients with >300
cells/uL compared to the control group receiving
CS, regardless of eosinophil count (71).

The use of ICS in patients with COPD and
eosinophils >2% is associated with a slower
decline in FEV1 (68), but not in all studies (72).
This effect persists even in smokers, who usually
have a lower response to ICS than non-smokers
(37,73).

ICS did not improve FEV1 in patients with an
eosinophil count >2% (33). However, other stu-
dies have found that ICS/LABA therapy signi-
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LABA 3Haunmo nogob6psasa OEO1 npu naumneHTn
c Bucok BEK 6e3 aHamHe3a 3a actma, KaTo
edeKTbT e NpaBoONPONOpLUMOHasieH Ha e03VHO-
¢dunHua 6pon (34,37,40). OT gpyra cTpaHa Tpon-
HaTa Tepanusa B eAHO NpPOyYyBaHe 3HAYMMO Mo-
fo6pssa ®EOT npu naymeHTV ¢ eo3nHoduneH
6poin =150 kneTkn/pL (74), a npeycTaHoBsABaHe-
To Ha ICS npu naumeHTn ¢ BUCOK BEK 6e3 yectn
ek3alepbaLny e CBbp3aHO C HamalsieHue Ha
OEO1. TakoBa HamMaseHue He ce Habnogasa Npwm
NaureHTN C HUCbK eo3nHodUNEeH 6poiA.

MoHoKnoHanHuTe aHTutena cpeuwy IL-5
(mepolizumab), IL-5R-a (benralizumab), IL-13
(tralokinumab) n IL-4R-a (dupilumab) umat 3a
uen fa NoBAUAAT €03UHOGUIHOTO Bb3nasneHne
(75-78). Mpwn nauneHT C eo3nHoduNeH peHo-
TUN CpefiHaTa YecToTa Ha YMEePEHO-TEXKI 1 TeX-
Kn ek3alepbaLum e no-H1UCKa npu neyeHne c
mepolizumab cnpsmo nnauye6o B ABe ronemu
paHgommsnpanm npoyusaHusa (METREX n MET-
REO) (79). MopobHu pe3yntaTi ca HabnopaBaHu
B [1BEe APYrv pPaHAOMU3MpPAHM NPOYYBaHUA Npun
naLyMeHTU C YecTn eksauepbauum Ha XObBb 1 no-
BuweH bEK, BbnpeKkn fBOMHa 1 TPOMHa NHXa-
natopHa Tepanua (GALATHEA n TERRANOVA). U
B [lBeTe MpoyuBaHMA YecToTaTa Ha ek3auepba-
ummTe e no-HMcKka B rpynata c benralizumab
cnpamo nnawebo, Ho cTaTUCTUYecka 3HaYMOCT
He e pocturHata (80). Bbnpekn uye 6posT Ha
eo3nHoUNNTe HEe MOXe fia Ce M3Mon3Ba KaTto
nporHocTnyeH gpakTop 3a ePpeKTUBHOCTTA OT Te-
panuaTa ¢ anti-IL-5R, TepanuaTa ¢ benralizumab
3HAaUMMO HamansBa yecToTaTa Ha ek3auepba-
LumuTe Npuv NOArpynaTa nayMeHTn ¢ BUCOK e03u-
HodwWneH 6POI 1 HaMUKe Ha MOHE eAVH NOKa3a-
Ten oT: >3 ek3auepbaunm B NpeaxofHaTa roau-
Ha; ®EO1 <40% mnun 6poHxmanHa peBep3noun-
HOCT 215%.

Bbnpekn ue nonsute ot ICS npeBb3xoxaaT
pUCKOBETE, PUCKBT OT NHEBMOHUA TpsbBa fa
ce B3eMe Moj BHYMaHVe opu NPy NauyeHTn ¢
BVCOK eo3nHoduneH 6poin (81,82). PucksbT ot
nHeBMOHWA Npu Tepanua ¢ ICS He 3aBUCK OT HK-
BOTO Ha eo3uHodunute (83). ipyro npoyusaHe
nokassa MOBULLIEH PUCK OT MHEBMOHUA MpK
eo3nHodunm =340 knetkn/pL n QEOT <50%, Ho
camo npwu nauuneHtnute c ICS Tepanua (84). B
JonbiHeHne, Npu nauneHTuTe ¢ PEOT =50% 1
BVCOK e03UHOdUIeH 6poii ce HabnogaBa Hama-
NsiBaHe Ha pUCKa OT MHEBMOHMU, Npeanosarato
NPOTEKTMBHA PoNA Ha eo3nHodunmTe (85). Ha-
KOV aBTOpW CMATaT, Ye TepanuaTa ¢ ICS e onpas-
JaHa camo Npuv NaureHTn ¢ eo3mHoduneH 6pon
>4% (83). B npotneeH cnyyart LAMA nputexaBa
cxofjHa epekTBHOCT cnpamo ICS/LABA (86).

BapuabunHocr

BEK noka3sa BaprabuiHOCT KaKTo B X0fa Ha
3ab6015BaHETO, TaKa 1 B Mepuogm Ha 060CcTpsiHe,
M eQHOKPATHOTO My M3MEPBaHE He e HaJeXaeH
npegukTop 3a otroeopa Kbm ICS. Bbnpekn ue
ChbllecTByBa Kopenauua mexay eo3nHoGunHmA
6poli B Xpauka 1 B KpbB, BEK He MOXe HageKgHO
[a NporHo3vpa eo3nHodUNHUA 6pon B xpauka
(30). Mo Bpeme Ha ek3auepbauus obaue Tasu
Kopenauusa e cunHa (41,63).

ficantly improves FEV1 in patients with high BEC
withouta history of asthma, with the effect being
directly proportional to the eosinophil count
(34,37,40). On the other hand, triple therapy in
one study significantly improved FEV1 in pati-
ents with an eosinophil count =150 cells/uL (74),
and discontinuation of ICS in patients with high
BEC without frequent exacerbations was associ-
ated with a reduction in FEV1. Such a reduction
was not observed in patients with low eosinophil
count.

Monoclonal antibodies against IL-5 (mepo-
lizumab), IL-5R-a (benralizumab), IL-13 (traloki-
numab), and IL-4R-a (dupilumab) target the
eosinophilic inflammation (75-78). In patients
with an eosinophilic phenotype, the average
number of moderate and severe exacerbations
was lower with mepolizumab compared to
placebo in two large randomized trials (MVETREX
and METREO) (79). Similar results were observed
in two other randomized trials in patients with
frequent exacerbations of COPD and elevated
BEC, despite double or triple inhalation therapy
(GALATHEA and TERRANOVA). In both studies,
the incidence of exacerbations was lower in the
benralizumab group compared to placebo, but
no statistical significance was achieved (80).
Although eosinophil count cannot be used as a
prognostic factor for the effectiveness of anti-IL-
5R therapy, benralizumab therapy significantly
reduces the incidence of exacerbations in the
subgroup of patients with high eosinophil
counts and the presence of at least one of the
following: >3 exacerbations in the previous year;
FEV1 <40%, or bronchial reversibility >15%.

Although the benefits of ICS outweigh the
risks, the risk of pneumonia should be conside-
red even in patients with high eosinophils (81,
82). The risk of pneumonia with ICS therapy is
independent of eosinophil levels (83). Another
study showed an increased risk of pneumonia in
eosinophils =340 cells/uL and FEV1 <50%, but
only in patients with ICS therapy (84). Moreover,
a reduction in the risk of pneumonia has been
observed in patients with FEV1 >50% and a high
eosinophil count, suggesting a protective role of
eosinophils (85). Some authors believe that ICS
therapy is justified only in patients with eosino-
phil count >4% (83). Otherwise, LAMA has similar
efficacy compared to ICS/LABA (86).

Variability

BEC shows variability both in the course of
the disease and in the periods of exacerbation,
and its single measurement is not a reliable
predictor of the response to ICS. Although there
is a correlation between eosinophil count in
sputum and blood, BEC cannot reliably predict
eosinophil count in sputum (30). During an exa-
cerbation, however, this correlation is strong
(41,63).



37.4% oT naumeHTUTE TPAMHO 3ana3BaT CTOMHO-
ctn =2% BEK npwn TpurognwHo npocnegasaHe
(6), pokaTo Apyrv obcepBaLMOHHN NPOYyYBaHUA
yCTaHOBABAT MOMEHTHa YecToTa CboTBeTHO 70%
3a CTONHOCTY >2% (87) n 75% 3a =150 kneTkun/pL
(36). MNepcncTnpalynaT BUCOK eo3nHodpuneH
6poi (>300 knetku/ulL) He MokasBa Bpb3Ka C
yecToTaTa Ha eK3auepbaLmmnTe, HO € CBbp3aH C
Mo-HMCKa CMBbPTHOCT (88,89). CTabunHocTTa Ha
CTOMHOCTUTE € NO-BMCOKa Npu nayuneHTn ¢
HUCBHK eo3rHOGUNEH BPO CNPAMO Te3U C BUCOK
(88,90-92) n ce BnuAe OT nevyeHne C KOPTUKO-
cTepouan, aHTMOMoTUUW, Bb3pacT 1 non (39,44,
91,92). BbHWHM dpaKkTOopU KaTo Ppr3MUecka akTuB-
HOCT U TIOTIOHOMYLLEHe CbLL o MOraT ia MOBAMAAT
HMBOTO Ha €03MHOOGUINTE, HO POMSATAa UM MpK
XOBb He e npoyyeHa (93,94). Mony>KMBOTHT Ha
eo3rHoGMNINTE e KpaTbK 1 CbLLeCcTBYBa Bapuma-
LMA B paMKUTE Ha AeHA, C HAN-BUCOKN CTOMHOCTH
Beuep. B a3 Bpb3Ka ce npenopbyBa UscneaBa-
HETO UM B JHO M CbLLO Bpeme oT fieHA (93,95).

Hama koHceHcyc 3a ynoTpebaTta Ha abconioT-
HUA (KneTkn/PL) n/vnn OTHOCUTENHUA €03UHO-
¢dunen 6pont (%). Bbnpekn ToBa CbliecTByBa
CUNHA Kopenauma Mexkay ABaTa nmapameTbpa
(r=0.92) npwn rpaHN4YyHM TOYKM CbOTBETHO 150
Knetkn/uL n2% (6).

3aknioueHne

Eo3nHoPUNHMAT 6poli B KpbBTa € NOTeHLU-
aneH bromapkep npv nauneHTn ¢ XObb. Hakon-
KO Npoy4BaHWA YCTaHOBABAT BPb3Ka MeXY eo-
3UHOGUIHKA 6pON 1 TepaneBTUUYHNA edeKT Ha
ICS 3a HamaneHVe Ha YyecToTaTa Ha ek3auepba-
unnTe. CnopeH e o6aye BbMPOCHT 3a FPaHMYHaTa
TOYKa U HauMHa Ha u3cnefBaHe C ornef Bapua-
OGUNHOCTTa Ha eo3MHOGUAUTE.

GOLD npenopbuBa ynoTpebaTa Ha bEK kaTto
6uomapkep 3a edekT oT feyeHmeto ¢ ICS npwm
nauuneHTn C yectn eksauepbaunn Ha XObb. Bb-
NpeKun Ye HAKOU NPOYYBaHUA NOTBbPXKAaBaT Te-
31 pe3ynTaTu, NUNCBa BanugmpaH Kputepuin 3a
yrnotpeb6aTa M B peanHaTta KNMHUYHA NpaKkTuKa.
[lo MOMeHTa HAMa 1 laHHM 3a NoAKpena Ha 6uo-
NornyHaTa Tepanus Npuv NauMeHTy C eo3nHopu-
neH XOBb.

KHuronuc:
References:

37.4% of patients consistently maintained >2%
BEC for three years of follow-up (6), while other
observational studies found a point prevalence
of 70% for values >2% (87) and 75% for =150
cells/pL (36), respectively. Persistent high eosi-
nophil count (>300 cells/uL) shows no associa-
tion with exacerbation rates but is associated
with lower mortality (88,89). The stability of the
values is higher in patients with low eosinophils
compared to those with high (88,90-92) and is
influenced by treatment with corticosteroids,
antibiotics, age, and gender (39,44,91,92). Exter-
nal factors such as physical activity and smoking
could also affect eosinophil levels, but their role
in COPD has not been studied (93,94). The half-
life of eosinophils is short and there is a variation
throughout the day, with the highest values in
the evening. In this regard, their examination is
recommended at the same time of day (93,95).

There is no consensus on the use of absolute
(cells/uL) and/or relative eosinophil count (%).
However, there is a strong correlation between
the two parameters (r = 0.92) at a cut-off of 150
cells/uLand 2%, respectively (6).

Conclusion

The blood eosinophil countis a potential bio-
marker in patients with COPD. Several studies ha-
ve established an association between eosino-
phil count and the therapeutic effect of ICS in re-
ducing the frequency of exacerbations. Howe-
ver, the question of the cut-off point and the
method of examination given the variability of
eosinophilsis controversial.

GOLD recommends the use of BEC as a bio-
marker for the effect of ICS treatment in patients
with frequent exacerbations of COPD. Although
some studies confirm these results, there is no
validated criterion for their use in clinical prac-
tice. There are currently no data to support bio-
logictherapy in patients with eosinophilic COPD.
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Pesiome

MNpoBexpgaHeTo Ha TapreTHa TepanuaA Npu nauueHTn c 6enoapobeH ageHoLapPLMHOM U YyBCT-
BUTenHU MyTaumn B EGFR 3a6aBs 3Haunmo nporpecuaTta Ha 3abonsaBaHeTo CNpAMO “Knacnyeckata” xu-
MuoTepanus. [eHeTUYHOTO 13ceiBaHe Ha broncuyeH Matepuan cnef X1McToNorMYHO 1 MMYHOXUCTOXN-
MMWYHO NOTBbPXKAEHME 33 afleHOKapLMHOM KbM MOMEHTa € ,3naTeH CTaHAapT". [1peanMCcTBOTO e CBbp3a-
HO C BMCOKaTa YyBCTBUTENHOCT 1 CNeundryHOCT, HO METOABT MMa U U3BECTHY OrpaHuYeHuns. 3a LenTa
pa3paboTrxme 1 Npefnoxnxme MeTog 3a n3cnesBaHe Ha EGFR myTaunoHeH cTaTyc npy nauueHT C mbp-
BMYeH 6enogpobeH afjeHOKapLIMHOM Ype3 1n3paboTBaHe Ha TeYHa OB1omncusi oT 6poxoasiBeosiapeH fnaBax
(BAJT).

M3cnegBaHu ca 13 naymeHTa ¢ yctaHoBeHa EGFR myTauua npm reHeTu4eH aHanms Ha X1cTono-
rmyeH npenapart. OT cbwmTe naumeHT EGFR myTauma e upentuéuumpana npu 38,5% (5/13) naumeHTtn ot
nepudepHa KpbB, fokato EGFR myTauma ot BAJT e ngeHTudmnumpara npm 92,3% (12/13). 3a KOHTPONHA
rpyna ce nofgbpaxa CbOTBETCTBAWM 13 naumeHTa ¢ ageHokapumHom 1 EGFR ot guB Tvn — npwu Tax ce
npoBeAe KOHTPOSHO n3cnefBaHe Ha bAJ1 n nepudepHa KpbB 3a Hanuuve Ha YyBCTBUTEHA MyTaLus,
KOUTO 6AXa HeraTUBHMU.

WN3cnepBaHeTo Ha EGFR myTaumoHeH ctatyc ot BAJ1 npuv naumneHTn c 6enofpobeH afeHoKapLum-
HOM e eflHOeTarneH MeTOZ C BUCOKa YyBCTBUTENHOCT, IECHO MPUSIOXMM 1 C JonbBalla MHGopmMaTMBHA
CTOMHOCT MO OTHOLIEHMe Ha TyMOpHaTa XeTeporeHHOCT. [Mopagu Te3n npeaMmcTBa € Bb3MOXHO B
6blelle a ce HaNoXK KaTo CTaHZapT Npu onpejenaHe Ha TepaneBTUYHOTO NoBefeHMe NPY NaLneHTu
aleHOKapLMHOM.

KntouoBu gymu: 6poHxoasnBeosiapeH fnaBax, 6enonpobeH afeHokapumnHom, TeuHa buoncus, EGFR
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Abstract

Targeted therapy in patients with lung adenocarcinoma and drug-sensitive EGFR mutations
significantly slows the progression of the disease, compared to "classical" chemotherapy. Tissue biopsy
genomic testing after histological and immunohistochemical confirmation of adenocarcinoma is
currently accepted as a "gold standard" test. Despite the high sensitivity and specificity, the method also
has some limitations. According to this, we aimed to develop and propose a method for assessment of
EGFR mutation status in patients with primary lung adenocarcinoma from bronchoalveolar lavage (BAL)
liquid biopsy.

Thirteen patients with an established EGFR mutation from tissue biopsy genomic testing were
studied. An EGFR mutation from peripheral blood was confirmed in 38.5% (5/13 pts) and from BAL - in
92.3% (12/13 pts). A control group from 13 patients with adenocarcinoma and wild-type EGFR were
selected.They were negative for a sensitive EGFR mutation from BAL and peripheral blood.

The assessment of EGFR mutation status from bronchoalveolar lavage (BAL) in patients with
primary lung adenocarcinoma is a one-step method with high sensitivity, easy to apply in clinical
practice, and with additional informative value in terms of tumor heterogeneity identification. Because of
these advantages, BAL liquid biopsy may become in the future a standard in determining therapeutic
management in patients with lung adenocarcinoma.

Keywords: bronchoalveolarlavage, lungadenocarcinoma, liquid biopsy, EGFR
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BbBeageHne

MNpoBexgaHeTo Ha TapreTHa Tepanua Npu na-
uMeHTn ¢ 6enogpobeH afeHoLapLUHOM 1 YyB-
cTBuTenHM myTtaumm B EGFR 3a6aBa 3Haummo
nporpecuaTa Ha 3abonABaHeTo CNPAMO “Knacu-
yeckaTa” xummoTtepanua. Ta3m TepaneBTUYHA
Bb3MOXHOCT Hasara yTouyHsABaHe Ha MyTaLMOH-
HMA CTaTyC NPU BCEKU €JMH MALMEHT C MbPBUYEH
6enofopbeH ageHoLapLUUHOM.

[eHeTMYHOTO M3cnieBaHe Ha GUOMCUYEH Ma-
Tepuan cnep XUCTONOTUYHO U UMYHOXUCTOXU-
MWUYHO MOTBbPXKAEHMNE 32 aJ€eHOKAPLNHOM KbM
MOMeHTa e ,3naTteH ctaHgapt". [pegnmcTBoTo e
CBbP3aHO C BUCOKaTa YyBCTBUTEIHOCT U Cneyu-
dUYHOCT, HO MeTOABT MMa U U3BECTHU OrpaHu-
YyeHuA. Ha NbpBO MACTO — TYMOPHaTa XeTeporeH-
HOCT — broncunTe ce B3emat OT Pa3fINYHM yyac-
TbUM Ha BUAUMOTO eHLOOPOHXMANHO M3MeHe-
HVe, HO € Bb3MOXHO B3eTUAT MaTepuman fia He e
npencTaBUTENEH 1 1a HEe CbAbprKa MyTaLYOHHU
yyacTbun. Ha BTOPO MACTO € CbCTOAHMETO Ha
nayuneHTa, Tbil KaTO METOABT € MHBA3MBEH U € C
OrpaHUYEHO NPUOXKEeHMEe NPY NaLUeHTN B YB-
pefeHo 0610 CbCTOAHME.

Mopaawn Te3n HepocTaTbuM € NpeanoxeH
METOABT 3a TeYHa buoncua oT neprdepHa KPbB
3areHeTUYHO U3cnefBaHe — HeMHBasvBeH 13bop
npu NaumneHTn, KOUTo He morart Aa 6baaT nogsno-
MKEHW Ha MHBa3MBHA OLeHKa Wy HAMAT JoCTa-
TBYHO MaTepuan cnep npoBefieHa Takaga. Teo-
pPEeTNYHO NPeanMCTBO Ha TeyHaTa broncus e 1
136sArBaHeTo Ha Npobniema C TyMOpHaTa XeTepo-
FEHHOCT, TbI1 KaTo NnocTbnunmTe GparmMeHTn Ty-
MopHa [IHK B KpbBHaTa niasma ca oT pasnyHm
yyacTbuM Ha TymMopMHaTa cTpoma. OcHoBeH
HefoCTaTbK Ha TeYHaTa Guoncurs oT nepudpepHa
KPbB € HUCKaTa YyBCTBUTENHOCT (60-75%) npwu
BMCOKa cneumdpuuHoct (80-95%) (1). To3m dakr
BEPOATHO € CNefiCTBME HAa MHOTO KpaTKKA Nony-
XMBOT Ha cBoboHaTa TymopHa [IHK B nepudep-
HaTa KpbB (2). HeratmBHa TeuHa Guoncus ot
nepudepHa KpbB He M3KouBa AePUHUTUBHO
HanMuMeTo Ha TapreTHa MyTaLus, [OKATO NO3u-
TUBHUAT pe3ynTaT e fOCTaTbyeH, 3a Aa 6bae 3a-
MOYHATO CbOTBETHOTO TAPFETHO JIeUEHME.

NpeanHuaT BapuaHT KOMOVHUPa NpeanmcT-
BaTa Ha [BaTa NpeAcTaBeHy MeToAa. 3a LenTa
pa3paboTuxme M Npegioknxme MeToh 3a n3-
cnengaHe Ha EGFR myTaumnoHeH cTtatyc npu na-
LMeHTV C MbpBUYeH 6enoapobeH ageHoKapuy-
HOM upe3 mM3paboTBaHe Ha TeyHa 6uoncua ot
6poHxoanBeonapeH nasax (bAJ1).

Marepuanu n metogn

B npoyuBaHeTo 6sixa BK/IIOYEHW BCUMYKYM Ma-
LMeHTN, NpefBuAeH 3a AUAarHOCTUYHO YTOYHe-
Hue Nopaan CbMHeHue 3a benofopbeH Tymop B
nepuopa mexay oktomspn 2018 r.n asryct 2019
r. I3kniouBalyute KpUTepumm He ce pa3nmyasaT oT
Te3n Ha CTaHZapTHMTE NPOTMBOMOKa3aHWA 3a
nposexaHe Ha GPOHXOCKOMNKA.

DunbpobpOoHXOCKONKMATA Ce U3BbPLUBA NOJA
MeCTHa aHecTe3us ¢ nuagokauH (10% nupokaun-
HOB CMpel) B HOCHUTE XOA0Be, MOCNefABaHO OT
Ha3asiHO BNpbCKBaHe Ha 2% pa3TBOp Mo Bpeme
Ha npouefypata npe3 paboTHMA KaHan go obua

Introduction

Targeted therapy in patients with lung ade-
nocarcinoma and drug-sensitive EGFR mutati-
ons significantly slows the progression of the
disease, compared to "classical" chemotherapy.
This therapeutic option requires a determination
of the mutational status in each patient with
primary lung adenocarcinoma.

Tissue biopsy genomic testing after histolo-
gical and immunohistochemical confirmation of
adenocarcinoma is currently accepted as a "gold
standard" test. Despite the high sensitivity and
specificity, the method also has some limitations.
The first limitation is linked with the tumor
heterogeneity - biopsies are taken from different
areas of visible endobronchial changes, but
thereis a possibility that the tissue sample not to
be representative and not to contain gene
mutations areas. Also, the tissue biopsy method
isinvasive and has limited use in patients with an
impaired general condition.

Due to these limitations, a liquid biopsy
method from a peripheral blood sample has
been proposed for genomic testing — a non-in-
vasive choice for patients who are contraindi-
cated for an invasive procedure or the tissue
sample is not sufficient after one. A theoretical
advantage of the liquid biopsy is the avoidance
of the problem with tumor heterogeneity, as the
circulating tumor DNA fragments in the blood
plasma are from different tumor stroma areas.
The main disadvantage of peripheral blood
liquid biopsy is low sensitivity (60-75%) with
high specificity (80-95%) (1). This fact is probably
due to the very short half-life of free tumor DNA
in peripheral blood (2). Negative peripheral
blood liquid biopsy does not definitively rule out
the presence of a target mutation, while a posi-
tive result is sufficient to initiate appropriate tar-
gettreatment.

The ideal option combines the advantages of
the two presented methods. According to this
data, we aimed to develop and propose a met-
hod for assessment of EGFR mutation status in
patients with primary lung adenocarcinoma
from bronchoalveolarlavage (BAL) liquid biopsy.

Materialsand methods

Patients referred for diagnostic bronchosco-
py due to suspected lung cancer between Octo-
ber 2018 and August 2019 were included in the
study. The exclusion criteria did not differ from
those of the standard contraindications for a
bronchoscopy.

Fibrobronchoscopy was performed under
local anesthesia with lidocaine (10% lidocaine
spray) in the nasal passages, followed by nasal
injection of 2% solution during the procedure
through the working canal to a total dose of up



po3a fo 8 mg/kg. bpoHxockonuuTe ca n3BbpLLe-
HU C ONTMYHK K BMAeo ycTporctea Olympus
Exera Il CV-180, Pentax EPK-1000 u Fujinon EB-
530T. M3non3BaHnTe HGBUOMCUYHM TEXHUKM Ca
dopuenc broncus, TpaHCOPOHXMaNHa buoncus
cbC unu 6e3 dnyoporpadcku KoHTpon, 6asu-
paHa Ha npepBaputenHu KT ganHn v EY3[. Ha
BCMYKM naumeHTn e B3eT n BAJl oT cboTBeTHUA
CerMeHT, KaKTo 1 nepudepHa KpbB Henocpea-
CTBEHO cfied MaHunynayunaTa.

MonyuyeHnTe maTepuanu oT 6umoncusaTa ce
eTUKeTMpaT 1 ce TPaHCNopTMpaT He3abaBHO [0
OTAEeNEeHMEeTO MO KNNHNYHA NaTONOr1sA, KaTo XM1C-
TONOrMYHUTE MaTepuan ce PUKcMpaT BbB Gpop-
MasIMHOB Pa3TBOP, a LUTONOTMYHNTE MaTepuranu
Ce HaHacAT BbpXy NpeiMeTHO CTbKI10 — 0buo 4
6pos. BAJ1 u cepymHUTe Npobu ce 3ampassasat
He3abaBHo npu-10°C.

XncTonornyHnTe MaTepranm ce oLeHABaT OT
CneumnanuncT No KAUHWYHA NaTonorua Ha CBeT-
NIMHHA MUKPOCKOMMA 1 Ce OLBEeTABAT C XemaTo-
KCUNUH-e03uH. Mpn HeobXxogmmocT H6axa N3Bbp-
WeHN OOMbAHUTENHN UMYHOXUCTOXUMUYHA ©
reHeTUYHN TecToBe.

B cnyyante, Korato ageHoKapLMHOMDBT e Mno-
TBBPAEH OT TbKaHHa NP06a, 3aMpa3eHUsT cepym
n BbAJ1 ca usnpateHn 3a JHK ananun3 B Hauwu-
OHasiHaTa reHeTUYHa nabopatopus. Tam ce n3-
BbpwBa eKkcTpakuma Ha JHK c komnnekT 3a
LMpKynmpalla HyknemHosa KucennHa QiaAmp
3a Npobu ot nna3ma u BAJl. 3a npobu c dukcm-
paHa BbB popmanuH napadrHoBa TbkaH (FFPET)
e nsnonssaH QlAamp DNA FFPE Tissue Kit. EGFR
reHoTUnNM3MpaHeTo ce N3BbpPLLIBa C therascreen
EGFR nna3ma nnu tbkaH RGQ PCR KomnneKkTu.

Pesyntatn

3a nepuofa Ha Npoy4YBaHeTO ca NpoBefeHun
140 6poHxockonumn. AfeHOKapLMHOM Ce yCTaHo-
BY npu 33,6% (47/140) oT naumneHTUTE, KOETO €
NOTBbPAEHO M C UMYHOXUCTOXUMMUS.

Mpw 13 nauneHTa ce yctaHosm EGFR myTauua
Npwu reHeTMyeH aHanu3 Ha XUCTOMOrNYeH npe-
napatr. Ot cbwute nauymeHtTn EGFR myTtauma e
naeHTuéduumpara npu 38,5% (5/13) naymeHTn ot
nepudepHa KpbB, fokato EGFR myTauums ot BAJ
e ngeHtudurumparHa npu 92,3% (12/13). Mpwu
efUH MaLVeHT 1 B [BeTe TeUHU OGUONCUYHMU
npo6w (BAJ1 1 nna3ma) oTKpUXMe JOMbAHUTENHA
myTauma T790M, 3aefgHo ¢ geneuua B eK30H 19,
KoeTo He bellie yCTaHOBEHO B CbOTBETHMA XUCTO-
NnorvyeH npenapar.

3a KOHTpoOsHa rpyna ce nogbpaxa CbOTBET-
cTBawm 13 naumneHTa ¢ ageHokapuuHom 1 EGFR
OT AVB TWM — MNPU TAX Ce NpoBefe KOHTPOSHO
nscneaBaHe Ha bAJ1 n nepudepHa KpbB 3a
Hanmyre Ha YyBCTBUTENTHA MyTaLus, KOUTO H6saxa
HeraTuBHUW. KOHTpoNHaTa 1 M3cnegBaHata rpyna
He Ce pa3fnyaBaT Mo OTHOLLEHMe Ha Bb3pacTTa u
MaKCMMasH1A AnameTbp Ha TYyMopa.

Ha 6a3aTa Ha nosnydyeHWTe pe3ynTatn ce n3-
4ncan n cneundruyHOCTTa U YyBCTBUTEIHOCTTA
Ha mMeTofa TeuyHa Guoncua ot BAJT n KpbBHa
nna3ma (Tabnuua 1).

to 8 mg/kg. Bronchoscopies were performed
with optical and video devices Olympus Exera Il
CV-180, Pentax EPK-1000, and Fujinon EB-530T.
The following biopsy techniques were used: for-
ceps biopsy, transbronchial biopsy with or with-
out fluorographic control based on preliminary
CT data and EBUS. In all patients, BAL fluid was
collected from the corresponding segment and
peripheral blood was taken immediately after
the manipulation.

The materials obtained from the biopsy are
labeled and transported immediately to the
ward of clinical pathology - the histological
materials are fixed in formalin solution and the
cytological materials are applied on a glass slide
- 4 pieces in total. BAL and blood samples are
frozenimmediately at-10°C.

Histological materials were evaluated by a
specialistin clinical pathology by light microsco-
py and stained with hematoxylin-eosin. If nece-
ssary, additional immunohistochemical and ge-
netic tests were performed.

In cases of confirmed adenocarcinoma from
biopsy, the frozen blood samples and BAL were
sent for DNA analysis to the National Genetic
Laboratory. DNA was extracted with a circulating
QiaAmp nucleic acid kit for plasma and BAL
samples. For samples with formalin-fixed paraf-
fin tissue (FFPET), the QIAamp DNA FFPE Tissue
Kit was used. EGFR genotyping is performed
with therascreen EGFR plasma or tissue RGQ PCR
kits.

Results

During the study period, 140 bronchoscopies
were performed. Adenocarcinoma was found in
33.6% (47/140) of all cases and the diagnose was
confirmed by immunohistochemistry.

An EGFR mutation from tissue biopsy geno-
mic testing was detected in 13 patients. An EGFR
mutation from peripheral blood was identified in
38.5% (5/13 patients) and 92.3% (12/13 patients)
from BAL. In one patient, in both liquid biopsy
samples (BAL and plasma), we have found an
additional T790M mutation, along with a deleti-
on in exon 19, which was not detected in the
corresponding histological specimen.

A control group from 13 patients with adeno-
carcinoma and wild-type EGFR were selected.
They were negative for a sensitive EGFR muta-
tion from BAL and peripheral blood. The control
and study groups did not differ in terms of age
and maximum tumor diameter.

Based on the obtained results, the specificity
and sensitivity of the BAL and blood liquid
biopsy methods were calculated (Table 1).
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Ta6n. 1. YyBCTBUTENHOCT U CNELUPUUHOCT
Ha TeyHa buoncus ot bAJT 1 KpbBHa NNa3ma
3a onpegenate Ha EGFR myTaumoHeH cratyc.

Teyna 6uoncus -

Teuxa 6uoncus - bANl KpbBHa Na3Ma

Tl ema [w] wwa_
e [923] 9-8 | 016 151-723
oo [ |

No3uTnBHa NpeanKTMBHA

CTOIHOCT

HeratnBHa npeanKTMBHa 83.8-99.5 75.1-88.6
CTOIHOCT

owocrvaners |19 [aa=s09 | 547 712956 |

Anckycna

ToBa npoyuBaHe MOTBbpPXAaBa 3HauuTen-
HOTO NPeAVMCTBO B UyBCTBUTETHOCTTA U TOYHO-
CTTa Ha MeTofa TeuHa 6uoncusa ot bAJ1 cnpamo
TeyHa 6uoncua ot nepudepHa KpbBs (92,3% cpe-
wy 41,6%). To3u pakT npasu pesyntaTtute oT BAJ]
CpaBHVIMU C TE€3U OT TbKaHHUTe Npobu. Brucoka
yyBCTBUTENHOCT Ha bAJT e yctaHOBeHa 1 B opyru
NpoyyYBaHMA, HO He e CbNOoCTaBeHa C YyBCTBU-
TENHOCTTa Ha MeToAa oT nepudepHa KpbB (3,4).
Bucokata uyBcTBUTENHOCT Ha BAJT MoXe fa 6bae
06ACHEeHa C HANIMUMETO Ha KNETbYHM OCTaTbLU B
noKanusupaHa ob6bnact B 6enute gpobose B
pe3ynTaT Ha arnonTo3a 1 HeKpo3a Ha TYMOpHarTa
TbKaH (5, 6). I3onnpaHeTo Ha EGFR myTauuu ot
BAJT B HacToALWOTO NpoOyyBaHe, KOUTO He ca
YCTaHOBEHWN B CbOTBETCTBALLMA XUCTONOrMYeH
npenapar, CbLo ca B NofKpena Ha xmMnoTe3ara 3a
TYMOpPHaTa XeTepOreHHOCT.

OcBeH BrcOKaTa YyBCTBUTENTHOCT Ha MeToda
oT bAJl, npeammcTBO e N egHOEeTanHOTO NPOBEX-
[aHe — X1ucTonornyHmTe npobu n bAJ1 ce B3emat
e[IHOBPEMEHHO 1 NlaBa)KbT Ce CbXpaHABa [0
HeoOGXOAMMOCT OT AOMBIIHUTENIHO M3CiedBaHe
npu Temnepatypa ot-10 °C. Mo To31 HaumH ce 13-
6sarea NpobnembT C KpaTKMA Nony»kueoT (1) Ha
cBobofHUTE TyMOopHU [IHK — 3ampa3zeHuTe npo-
6u c BAJ1 moraT ga 6baaT NOANIOKEHV Ha reHeTu-
YeH aHanm3 ao 12 mecela cnef B3emaHe.

3aknioueHne

M3cnepBaHeTo Ha EGFR myTaumoHeH cratyc
oT BAJ1 npu nayneHTn ¢ 6enoapobeH ageHoKap-
LUMHOM e efjHoeTarneH MeTof C BUCOKa YyBCTBU-
TEJIHOCT, NIeCHO MPUAOXKUM U C AOMbABALLA UH-
dopmaTBHa CTOMHOCT MO OTHOLUEHME Ha Ty-
MOpPHaTa XxeTeporeHHOCT. [lopaan Te3n npegmum-
CTBa € Bb3MOXHO B ObAelle fa ce HaNoXM KaTo
CTaHAApPT Npu onpejenaHe Ha TepaneBTUYHOTO
noBefAeHMe Npu NayMeHTy C aieHOKapLMHOM.

DuHaHcupaHemo Ha Npoy48aHemo e ocuzypeHo
no npoepama “Ipanm 2019” Ha MeduyuHcKu
yHugepcumem Cogua ¢ udeHmugpuxkamop /[-
72/23.04.2019.

Table 1. Sensitivity and specificity of BAL and blood plasma
liquid biopsy in the assessment of EGFR mutation status
in patients with primary lung adenocarcinoma.

Liquid biopsy -

W] swa | %] wwa |
ety |93 [ 9998 | 16 151-121
ity 0| w| |

Positive predictive

value

Negative predictive 83.8-99.5 75.1-88.6
value

s ot metod | 99 [ a7=309 | 547 711934 |

Discussion

This study confirms the significantadvantage
in the sensitivity and accuracy of the BAL liquid
biopsy method over the peripheral blood liquid
biopsy (92.3% vs. 41.6%). This makes the results
from BAL liquid biopsy comparable to those
from tissue samples. A high sensitivity of BAL has
been found also in other studies, but it has not
been compared with the sensitivity of the peri-
pheral blood liquid biopsy method (3,4). The
high sensitivity of BAL can be explained by the
presence of cellular residues in alocalized area in
the lungs as a result of apoptosis and necrosis of
tumor tissue (5, 6). The isolation of EGFR muta-
tions from BAL in the present study, which was
not found in the corresponding histological spe-
cimen, also supports the hypothesis of tumor
heterogeneity.

In addition to the high sensitivity of the BAL
liquid biopsy, an advantage in our study is the
simultaneous collection of histological samples
and BAL. The BAL samples were stored until the
need for additional examination at a tempera-
ture of -10 ° C. This avoids the problem of the
short half-life (1) of free tumor DNA - frozen BAL
samples can be subjected to genetic analysis up
to 12 months after collection.

Conclusion

The assessment of EGFR mutation status from
bronchoalveolar lavage (BAL) in patients with
primary lung adenocarcinomais a one-step met-
hod with high sensitivity, easy to apply in clinical
practice, and with additional informative value in
terms of tumor heterogeneity identification.
Because of these advantages, BAL liquid biopsy
may become in the future a standard in determi-
ning therapeutic management in patients with
lung adenocarcinoma.

Funding for the study is provided under the
program "Grant 2019" of the Medical University of
Sofiawith identifier D-72/23.04.2019.
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PONA HA LDH B ANATHOCTYHWA
NNPOLIEC NPU NNEBPAJTHW U3NBIA
C HEACHA ETUONOT A

T. Muxanoga’, E. Mekos', H. lneB?, 1. Amakosa?, P. NMeTkos’

MepanumHckn yHusepcuteT — Codus:

' KnuHKa 3a neyeHme Ha HecneunduuHn 6enoapobHn bonectv n GpTrsmatpus,
YMBAJT,Ceetn MBaH Punckn” EALl

2 bpoHxonornuHo otaenexne, YMBAJT,Ceetu VBaH Punckun” EALL

> KAWN, YMBAN +~AnekcaHgposcka” EAL]

Pesiome

MneBpanHUAT N3NMB MoXe Aa Obae KNMHWYHA 13sABa Ha ronsiM 6poil GEHUIHEHN 1 ManIMFHEHW
3abonsBaHuA. [JMarHoCTUYHMAT NPOLEC NPY HAJIMYEH NJIEBPAIEH M3JIMB € HACOUYEeH OCHOBHO KbM Obp30
N MMHUMaNHO NHBA3UBHO AOCTUraHe A0 OKOHYaTe/lHa KNMHMYHa Anardo3a npn KOHKpPeTHNA NnauneHT,
KOATO fa onpenenu npearnpueMaHe Ha afeKBaTHOTO TepaneBTUYHO NoBeaeHue. [NapameTbpbT NakTaTt
pgexvigporeHasa (LDH) moxe ga 6bae noneseH B AMArHOCTUKAaTa Ha MAEBPasHW U3NIMBM C HEACHA
€TNOoNIOrNA N a OPUEHTMPA KITMHMLMCTA 3a HeobXoaMMMTe NocsieABaLLM ANArHOCTUYHW NHTEPBEHLMN.
HacToAwaTa ctatma pasrnexpga pesyntaTute OT MpeAcTaBeHu Cjlyyan OT COOCTBEHO KIAMHWUYHO
npoyuBaHe, NPy KOeTo e TecTBaH MapkepbT LDH B nneBpanHa TeUHOCT, KaTo ca pa3rnefaHn HeroBure
CTOMHOCTU NPW ManurHeHW n 6eHUrHeHn 3abonABaHMA C MEBPASIHO aHraXkupaHe, HerosaTa
YyBCTBUTEJTHOCT, CI'IeLlI/Id)I/IqHOCT M aKypaTHOCT.

KnwouoBu gymu: nnespaneH nsnus, LDH, bBuoxvmunuHo nscnepsaHe, Kputepum Ha Light



ROLE OF LDH IN THE DIAGNOSTIC
PROCESS IN PLEURAL EFFUSIONS
OF UNKNOWN ETIOLOGY
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Abstract

Pleural effusion can be a clinical manifestation of a wide variety of benign and malignant
diseases. The diagnostic process in the presence of a pleural effusion is focused mainly on the rapid and
minimally invasive achievement of a definitive clinical diagnosis in the particular patient, which
subsequently determines the undertaking of an adequate therapeutic behavior. The lactate dehydro-
genase (LDH) parameter may be useful in the diagnosis of pleural effusions of unknown etiology and
guide the clinician for the necessary follow-up diagnostic interventions. The current article considers the
results of presented cases from our own clinical trial, which tested the marker LDH in pleural fluid,
examining its values in malignant and benign diseases with pleural involvement, its sensitivity, specificity
andaccuracy.

Keywords: pleural effusion, LDH, biochemical tests, Light's criteria
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BbBeageHne

[neBpanHMAT N31MB MOXKe fila CbNbTCTBA ro-
NAMO pa3Hoobpasre oT 6EHUTHEHN Y MaNUTHe-
HW NaTONOrMYHM Npouecn Ha 6enute gpobose,
nnespata, APYrv MHTPa- 1 eKcTpaTopakasaHm op-
raHu, KakTo U CUCTEMHM Bb3NanuTenHun 3abonsa-
BaHWA. 3a ga 6bae nocnenBaLlloTo TepaneBTUY-
HO NoBefeHe NPaBUITHO, € Ba’KHO ANArHoCTMY-
HUAT NpoLec Aa NpoTeye B HACOKA CBOEBPEMEH-
HO [lOCTMraHe 10 aKypaTHaTa OKOHYaTesHa amar-
Ho3a (1).lo3HaHMATa 3a pa3NNyYHUTE NapameTpun
Ha nyeBpasiHaTa TeYHOCT OT HEMHOTO BMOXUMINY-
HO N LUTONOTMYHO U3CSIeABaHe, KAaKTO 1 Hanlnu-
HUTE @aHAMHECTUYHM U KNMHUYHW JaHHW NpW Na-
LMEHTa, Ca B CbCTOAHME a MOAMOMOTHAT KNVHN-
Lu1cTa B oKono 75-78% ot cinyyauTe Npu N3AcHA-
BaHETO Ha MpPOM3xXofa Ha HeAcCeH nneBpaneH
n3nume (2). Bbnpekn BCUYKM [MarHOCTUYHN YCU-
nua, B okono 10-20% ot ciyyante eTnonornara
Ha nyieBpanHnA N3NMB ocTaBa HeAcHa (1).

LDH npv nneBpaneH nsnus
CHesfACHa eTuonorns

YecTtoTaTta Ha MaTONOMMYHOTO CbCTOAHMNE  HE-
fICeH nneBpasieH U3nnB" 1 HeobxoAMMOCTTa OT
AVArHOCTULMPAHETO My e B OCHOBaTa Ha MHO-
MeCTBO KNUHMYHM MPOYYBaHNA 1 pa3paboTBaHe
Ha pa3nNnuun anropuTMK Ha noeegeHue. 3aabi-
KUTENEH eleMeHT OT ANArHOCTUYHMA npolec e
M3BbPLUBAHETO Ha TOPaKOoLLeHTe3a C ornef nony-
YyaBaHe Ha nneBpasiHa TEYHOCT 32 GMOXUMUNYHO,
MUKPOOMONOrMYHO, LIMTONOTMYHO U VIMYHOJIO-
rMyHo m3cnegBaHe (3). Makap ¥ ¢ MUHMMAJHO
MHBa3MBEH XapaKTep, TOpaKoLeHTe3aTa Cbllo
Kpue pncKoBe 3a MauueHTa, Nopagn KoeTo
TpsibBa fa 6bAe NnpeanpriemMaHa KoraTo e Hanuue
JOCTaTbyHO 3a 6e30MacHOTO I U3NbJIHEHUE
MVHVMANHO KOJIMYECTBO aKyMynmpaHa TeYHOCT
B NneBpasiHaTa KyxmHa (moHe 1T0mm oTcnosBaHe
Ha nneBpasHUTe NIMCTOBE MpPU YNTPa3ByKOBO
n3cnefBaHe Ha rpbgHua Kow (1)), n npu nunc-
Ball/ NPOTMBOMOKA3aHMA NpU MNaumeHTa oT
CTpaHa Ha KoarynaunoHHUsA, CbpaeyHus unu be-
noApo6HMA CTaTyC. YTOUHABAHETO Ha eTuoso-
rMATa € 3aAb/KUTENHO MPU BCUYKM MALUEHTH,
npuv KOUTO TOpPaKoLeHTe3aTa e Nokasana eKkCcyaa-
TUBEH 13M1B. B HAKOW Cnyyan guarHosata Mmoxe
Ja Obae pocTa TpyAHa M fia HaNoXum U3nosn3ea-
HETO Ha PasfINYHU JOMBIHUTENIHW ANArHOCTNY-
HW TeCTOBe, AopU NpeanprieMaHe Ha UHTEPBEH-
LUMOHaNnHO 6rMoncMyHoO n3cnepBaHe. BaxHa 3a
LOCTUraHeTo 4O OKOHYaTe/IHaTa AMarHo3a e CbB-
KYMHOCTTa OT MoNlyYeHunTe pe3yntaTi oT u3cnes-
BaHMATA Ha NyieBpasiHaTa TEYHOCT, a He oThen-
HUAT NapamMeTbp OT AafeH TecT cam no cebe cu.
3a ga 6baaT n3berHat ANarHOCTUYHN rPeLlKu 1
€BEHTYa/IHOTO 3anoyBaHe Ha rpeLLHo neyeHme,
MHTEpnpeTaunATa Ha M3CneaBaHMATa BUHAru
TPsibBa Aa Ce U3BbPLUBA B KOHTEKCTA Ha KJIVHNY-
HaTa KapTWHA, aHAMHECTUYHUTE N GU3NKANHUTE
JaHHW (3).

EAVH OT Hal-WMPOKO W3MON3BaHWUTE anro-
pUTMK 3a NOBeAEHME C Lien anarHosa npu nine-
BpanHuM mM3nuBM e 103U Ha Light et al., cBoe-
obpaseH ,3naTeH CcTaHZapT’, nNybnukysaH npes
1972 r., akTyaneH u B Hawwu pHwu. Light et al.

Introduction

A pleural effusion can accompany a wide
variety of benign and malignant pathological
processes of the lungs, pleura, other intra- and
extrathoracic organs, as well as systemic inflam-
matory diseases. In order for the subsequent
therapeutic behavior to be correctly implemen-
ted, it is important that the diagnostic process
proceeds in the direction of reaching the accura-
te final diagnosis in time (1). The knowledge of
the various parameters of pleural fluid samples
for its biochemical and cytological examination,
as well as the available anamnestic and clinical
data from the patient, are able to assist the
clinician in about 75-78% of cases in clarifying
the origin of unknown pleural effusion (2).
Despite all diagnostic techniques, in about 10-
20% of cases the cause of the pleural effusion
remainsunclear(1).

LDH in pleural effusions
of unknown etiology

The frequency of the pathological condition
"pleural effusion of unknown origin" and the
necessity to diagnose it forms the basis of many
clinical trials and the development of different
algorithms of behavior. An obligatory element of
the diagnostic process is the performance of
thoracentesis in order to obtain pleural fluid
sample for biochemical, microbiological, cytolo-
gical and immunological examination (3). Alt-
hough minimally invasive, thoracentesis also po-
ses risks to the patient, so it should be underta-
ken when there is a minimum amount of accu-
mulated fluid in the pleural cavity (atleast T0 mm
detachment between parietal and visceral
pleura in chest ultrasound examination (1)) and
in the absence of contraindications for the
patient from the coagulation, cardiac or pulmo-
nary status. Clarification of the etiology is man-
datory in all patients in whom thoracentesis has
shown an exudative pleural effusion. In some
cases, the diagnosis can be quite difficult and
require the use of various additional diagnostic
tests and even an interventional biopsy. Impor-
tant for reaching the final diagnosis is the total
set of the results obtained from the pleural fluid
examinations, and not the individual parameter
of a test in itself. In order to avoid diagnostic
errors and the possible initiation of an incorrect
treatment, the interpretation of the studies
should always be performed in the context of the
clinical picture,anamnesticand physical data (3).

One of the most widely used algorithms for
the diagnosis of pleural effusions is the one of
Lightetal., a kind of "a gold standard", published
in 1972, and still relevant today. Light et al.
developed diagnostic biochemical criteria for



pa3paboTBaT AMArHOCTUYHM BUOXUMUYHUN KPU-
Tepuu 3a pasrpaHnUYaBaHe Ha eKCyfaT OT TPaHC-
yaaT v otandepeHumnpaHe Ha pasfimyH1Te BULO-
Be eKcyfaTtu egviH oT gpyr (1abn. 1) (4). 3a kpuTe-
puuTe Ha Light et al. ca cbobweHun uyBcTBUTEN-
HOCT 0T 98% u cneyunduyHocT ot 74% (5), HO no-
KbCHO HamnpaBeHV MpPOyuyBaHMA KaTo TOBa Ha
Heffner et al. ce npoBanAT B onuTnTe Aa AEMOH-
CTpupaT No-ToYeH TecT WAM KombuHauumsa ot
TeCTOBE, KOUTO [la MPEeBb3XOXKAAT BbMPOCHUTE
KpUTEPUM MO AMArHOCTUYHA TOYHOCT (6). Ono-
PEH NYHKT B TO3M anropuTbM 3aemart rokasare-
nuTe 6enTbK U nakTat gexmpporeHasa (LDH) B
nieBpasHaTa TEYHOCT, CbOTHECEHN KbM CTOW-
HOCTUTE Ha CbLUMTe NapaMeTpu B cepyma. MNpasu
BrneyatneHne obaye, ye LDH moxe ga 6bae un
CaMOCTOATENEH KPUTEPUI 3a eKCydaTUBEH Xa-
paKTep Ha TEYHOCTTa, KOraTo CTOMHOCTTa My B
naeBpasnHuA NyHKTaT e noBeye oT 2/3 oT ropHaTa
rpaHuua Ha pedpepeHTHUTE HMBa B cepyma. CTon-
HocTu Ha LDH B T031 3aBuLIEH Arana3oH ca Hab-
nogasaHy ot Light yecto npu MmanurHeHu nnes-
panHu n3nueu 1 BepudrKaumaTa Ha To3n mMap-
Kep c ronsiMma BeposiTHocT cnopep Light v morna
[a NpeanonoXm MajIMrHeH xapakTep Ha 13nnea

(5).

Ta6n. 1. Kputepun Ha Light 3a ekcygatiuseH nnespaneH u3nmg (5).
3a oTaMdepeHLMpaHe Ha eKCyAaTUBHA OT TPAHCYAATUBHA

N0 XapaKTep NyeBpasnHa TEYHOCT e 0CTaTbuHo Ja bae
YCTaHOBEH NOHe ediH 0T u36poeruTe 3 Kputepua (12).

NAPAMETBP 1 IUATHOCTUYHA CTOHHOCT

bentbK B nneBpanHa TeuHocT / 6enTbk B cepym > 0.5
LDH B nnespanHa TeuHoct/ LDH B cepym > 0.6

LDH B nneBpanHa TeuHocT > 2/3 0T ropHaTa rpaHuLa
Ha Hopmara 3a LDH B cepym

LDH kaTto nokasaTten npv MajurHeHu nnes-
panHy U3NINBM € CbOOLLEH 3a MPBB MbT OLle Npe3
1958 r. ToraBa ca yCTaHOBEHW MHOIFO BUCOKMU
HMBA Ha eH3MMa B NNeBpasHX U3NIMBU, Cbabp-
Xaly ManUrHEHW KNeTKM, KaTo Te3n H/Ba MHO-
rokpaTHO ca HagBuwaganu cepymHuTte (7). Bro-
cneacTBue e yctaHoeeHo, Ye LDH-akTMBHOCTTa
ce 3aBKLWABA NPU BCUYKM Bb3MANNTENTHM CbCTO-
AHWA Ha nneBpaTa — B T.4. NApanHEeBMOHUYHHU,
TY6EpPKYNO3HN N CUCTEMHU CbeAVHUTENHO-Tb-
KaHHK (8,9). [Jopn e mn3KazaHO npepnoxeHue
npe3 1969 r. ot Chandrasekhar et al. LDH ga ce
npunara Kato No-4yBCTBUTENIEH MapKep oT 6en-
TbKa B NJieBpasiHaTa TeYHOCT 3a oTandepeHun-
paHe Ha ekcygaTtu oT TpaHcygatu (10). MNpwu TecT-
BaHE Ha NoKa3aTens 0eNTbK B NyieBpaneH n3nus/
6eNTbK B CEPYM, KakTO 1 Ha NMO-KbCHO Mpeasno-
XeHuA noflobeH MapKep anbyMuH B nyieBpasnHus
n3nus/anbymnH B cepyma, CbLyUTe AEMOHCTPU-
paT MHOTO MO-HMCKa YyBCTBUTENHOCT 3a oTAnde-
peHUupaHe Ha ekcydaT U pe3ynTupat B HeKo-
peKkTHa KnacmdurKaums Ha ronsm 6pon ot us-
cnepBaHuTe nyHkTatn (11,12). B 0606LeHre mo-
»KeM fla KOHCTaTMpame, ye onpegensHeTo Ha ef-
Ha nneBpasiHa TeYHOCT KaTo eKCyAaTUBHa No xa-
pakTep C MOMOLITA Ha Bb3MOXHO Hal-ManbK
6po HageXAHN BUOXMMUYHY KpUTeprmn 61 Mmor-
N0 a onpaBhae BNocieAcTBre HEOOXOAUMOCT-

distinguishing an exudate from a transudate and
differentiating the variety types of exudates from
each other (table 1) (4). For the criteria of Light et
al. sensitivity of 98% and specificity of 74% were
reported (5), but later performed studies such as
that one of Heffner et al. failed in their attempts
to demonstrate a more accurate test or a combi-
nation of tests that could exceed in diagnostic
accuracy the Light's criteria (6). The basis of this
algorithm are the indicators protein and lactate
dehydrogenase (LDH) in the pleural fluid, divi-
ded to the values of the same parameters in the
serum. It is remarkable, however, that LDH can
also be an independent criterion for the exu-
dative nature of the effusion whenits value at the
pleural fluid is more than 2/3 of the upper limit of
the serum reference levels. LDH values in this
elevated range have been frequently observed
by Light in malignant pleural effusions, and the
verification of this marker is likely to suggest a
malignant nature of the effusion (5).

Table 1. Light's criteria for exudative pleural effusion (5).

To differentiate between exudative and transudative pleural fluid,
itis sufficient to establish at least one of the 3 criteria listed

in the table (12).

PARAMETER AND DIAGNOSTIC VALUE

Protein in pleural fluid / protein in serum > 0.5

LDH in pleural fluid / LDH in serum > 0.6

Pleural fluid LDH > 2/3 of the upper limit
of serum LDH

LDH as a parameter in malignant pleural
effusions was first reported in 1958. Very high
levels of the enzyme were then found in pleural
effusions containing malignant cells, in values
many times higher than the serum levels (7).
Subsequently, it was found that LDH-activity was
increased in all inflammatory conditions of the
pleura - including parapneumonic, tuberculous
and systemic connective tissue disorders (8,9). A
proposal was even made in 1969 by Chandrase-
khar et al. that LDH should be used as a more
sensitive marker than protein in pleural fluid for
the differentiation of exudates from transudates
(10). When testing the pleural effusion protein /
serum protein ratio, as well as the later proposed
similar marker albumin in pleural effusion /
serum albumin ratio, the same showed much
lower sensitivity for differentiation of exudates
and resulted in incorrect classification of a large
number of the studied pleural fluids (11,12). In
summary, it can be concluded that the determi-
nation of a pleural fluid as exudative in nature
with the least possible number of reliable bio-
chemical criteria could justify the need for more
invasive interventions in order to reach a final
diagnosisintime.
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Ta OT eBEeHTYyaNlHO npejnpuemMaHe Ha Mo-MHBa-
3VIBHU WHTEPBEHLMOHANIHU MeponpuaTusa ¢
orfiel HaBPeMeHHO [OCTWraHe [0 OKOHuaTen-
HaTa juarHosa.

Matepuan u metogu

3a nepuoga 01.05.2016 r. - 01.05.2019 . B
npoyusaHe, 6asupaHo 8 MbAJ16b,,CeeTa Codusn”
EAl, 6axa obxBaHaTi obwo 271 nauueHTa C
NaTosIornA, aHraxupalla BucuepanHa u/mnm
napveTanHa nnespa, or TAx 168 mbxe n 103
KeHu, C unu 6e3 Hanmure Ha CbMbTCTBALY MeB-
paneH n3nue. Bb3pacTTa Ha naumeHTHTe Gelue oT
24 1. po 96 r., cpefdHa 3a MbxkeTe — 66.51 £ SD =
11.35r., cpeHa 3a »keHute — 65.78 + SD = 12.55r.
Mpw nauymeHTUTe 6AXa U3BbBPLUEHN exorpadusa
Ha TOpPaKC 1 MHTEPBEHLUMOHANHN MaHMNynaLmm
nop exorpadcky KOHTPON: TopakoueHTe3a u/
unn exorpadCKN-KOHTPONIMPaHa pexely Tun
urneHa brioncus Ha TopakasHa nesus.

Cmamucmuyecku memoodu: B aHann3a Ha
JaHHUTe ce npunoxunxa: [leckpunTMeHa cTaTuc-
TUKa; MpadurueH aHanu3 ¢ BM3yanmsauma Ha no-
couyeHuTe pesyntati; OueHKa Ha pa3npepene-
HMETO Ha BapUaLMOHHUTE (KONNMYeCcTBEHN) Npu-
3Haum nocpeacteom Shapiro - Wilk W - TecT (npwm
n < 50) n Kolmogorov — Smirnov - tect (npy n >
50); CTaTnCTMKa 3a NPOBEPKa HAa BEPOATHOCTUTE;
CraTucTMKaTa 3a NpoBepKa Ha XMMNoTe3un: 3a Ba-
pPUaLVOHHY NPU3HALM C HOPMasHO pa3npeje-
neHue - Student t - TecT; 3a npu3HauuTe C
pasnpegeneHne, pasiMyHO OT HOPMANHOTO —
HenapameTpuyHu metoaum Ha Kruskal-Wallis Tect
n Mann-Whitney rank U - TecT. X2 TecTbT ce
13Mon3Ba 3a NPoBepKa Ha XMMNoTesn 3a Hannune
Ha Bpb3Ka Npu KaTeropuiHu npusHauyun. 3a
M3UMCsiBaHe Ha penatmuBeH puck 1 odds ratio
6sxa n3nonssaHu “two by two” contingency tab-
les c nocnepBala o6paboTKa ¢ Fisher's exact test
3a Herosiemu rpynu, nognexalwy Ha m3vucie-
HUe, MPY KOUTO Ce Thpcelle CTaTUCTUYECKN 3Ha-
yrMa pasnnKa Mo OTHOLIEHME Ha eKCMpecrpaH
MapKep. 3a n3uncnaBaHe Ha NoKasaTenuTe YyB-
CTBUTENHOCT (Se), cneuynduyHocT (Sp), No3nTmB-
Ha 1 HeraTvBHa NPeAnKTMBHA CTOMHOCT (PPV 1
NPV) n akypaTHocT (Acc) m3nonssaxme o6LLo-
npuetuTe ctatncTnyeckn dopmynm. CToMHOCTM
Ha p < 0.05 ce npremaxa 3a CTaTUCTUYECKM
CUTHUOMKAHTHM (13).

Pesyntatn

Mpu 06xBaHaTMTE B HACTOALLETO NPOYyYBaHe
nauneHTn ce n3BbpLuMxa obwwo 144 nnespanHu
NyHKLMM Ha 126 OT TAX, NPeANMHO C ANarHOCTU-
UeH XxapakTep, B U36paHu cyiyyan — oTbpemeHu-
TesiHa TopakoueHTe3a. CpelHO TOBa npaBeLle no
1.14 TOopaKoueHTe3n/NaLyMeHT, Tbl KaTo HAKOW
OT NaureHTUTe 6Axa NyHKTMPAHW HEKONKOKpaT-
HO.

lMpocnegAaBaHeTo Ha MpeXxmBAeMoCTTa Ha
naumeHTMTe Gelle oCblieCcTBeHO Ha 6a3aTa Ha
JaHHUTE 33 HaNMYNETO Ha 34PaBHN OCUTYPOBKMU
M 3anMy4yaBaHe Ha MLETO OT permcTbpa Ha Ha-
LUMOHanHaTa ocUrypuTtenHa areHuma nopaam
CMBPT NpY CnpaBka Yype3 JOOPOBOSHO Npefo-
CTaBeHMTe OT NauMeHTUTEe NMYHU AaHHW (B

Materialsand methods

For the period 01.05.2016 - 01.05.2019 a stu-
dy based in MHATPD “St. Sophia” was implemen-
ted, including a total of 271 patients (168 men
and 103 women respectively) with pathology
involving visceral and / or parietal pleura, with or
without a concomitant pleural effusion. The age
of the patients was from 24 up to 96 years,
average for men - 66.51 £ SD = 11.35 years,
average for women - 65.78 + SD = 12.55 years.
Patients underwent thoracic ultrasound exami-
nation and interventional manipulations under
ultrasound control: thoracentesis and / or ultra-
sound-controlled cutting type needle biopsy of
thoraciclesions.

Following statistical methods were applied
in the analysis of the data: Descriptive statistics;
Graphic analysis with visualization of the indica-
ted results; Estimation of the distribution of
variational (quantitative) traits using Shapiro -
Wilk W - test (when n < 50) and Kolmogorov -
Smirnov - test (when n > 50); Probability sta-
tistics; Hypothesis testing statistics: for variatio-
nal traits with a normal distribution the Student t
- test was applied; and for traits with a distribu-
tion other than normal non-parametric methods
like Kruskal-Wallis test and Mann-Whitney rank U
— test were used. The X2 test was used to check
hypotheses for a relationship in categorical cha-
racteristics. “Two by two” contingency tables
were used to calculate relative risk and odds
ratio, followed by Fisher's exact test for small
groups to be calculated, in which it was looked
for a statistically significant difference in the
expressed marker. We used generally accepted
statistical formulas to calculate the indicators
sensitivity (Se), specificity (Sp), positive and
negative predictive value (PPV and NPV) and
accuracy (Acc). Values of p < 0.05 were conside-
red as statistically significant (13).

Results

To the patients included in the present study,
a total of 144 pleural punctures were performed
on 126 of them, mostly of a diagnostic nature, in
selected cases for therapeutic purposes. On ave-
rage, the calculated range was 1.14 thoracentesis
/ patient, as some patients were punctured seve-
raltimes.

The monitoring of the patient survival rate
was realized on the basis of the data for the
presence of health insurance and removal of the
person from the register of the National Insu-
rance Agency due to death on reference made
through the voluntarily provided personal data
(in this case unique personal identification



cnyvas EMH), kaTo e n3BbpLIeHO 6 Mecela cneq
¢duHanHaTa Jata Ha MpPoOyyBaHeTO Mpu MbJiHA
AHOHMMHOCT Ha nofnyyeHata vHbopmauma u
paspeLueHue 3a U3Nb/HEeHVe Ha MPOYyYBaHETO OT
eTUYHUs KommteT Ha MBAJ1BB ,CB. Codua” EAL.
YcTaHOBM Ce, ye KbM AaTaTa Ha npocsiegaBaHe Ha
CTaTyca Ha naumeHTute ,kus/nounHan” 151 gy-
W 6axa nounHanu u 120 aywm 6axa xuswu. MNo-
YrHaNM 6sxa 0610 95 MbXKe 1 56 XeHu, Ha cpea-
Ha Bb3pacT cboTBeTHO 67.31 £ 9.5r. n 6748 +
12.51r. MNpexnenn 6axa obwo 73 mMbxe n 47
»KEeHW, Ha cpefHa Bb3pacT CbOTBETHO 6547 +
13.38r.m63.74+12.43r.

Our. 1. GoitHocTu Ha LDH B 3cneigaHuTe nneBpantimn nyHKTaT!
Ha pa3NMyHuTe rpynin 60HI B NPOYYBAHETO C JajieHIn CpesHu
CTO/HOCTI 1 CTaHAAPTHI OTKNOHeHUA (13).

number), achieved 6 months after the final date
of the study in complete anonymity of the
information received and after permission for
accomplishment from the ethics committee of
the MHATPD “St. Sophia”. It was found that at the
date of follow-up of the "alive / dead" patient
status, 151 people had died and 120 were alive. A
total of 95 men and 56 women died, with a mean
age of 67.31 £ 9.5 years, and 67.48 + 12.51 years
respectively. A total of 73 men and 47 women
survived, with a mean age of 65.47 + 13.38 years,
and 63.74 + 12.43 yearsrespectively.

Fig. 1. LDH values in the pleural effusions of the different groups
of patients in the study with given mean values and
standard deviations (13).
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MapameTbpbT LDH 6ele n3cnepsaH B nnes-
panHua n3nme npu 129 TopakoLeHTe3r Ha 0610
120 naumeHTa OT BCUYKK 126 MyHKTUPaHN B NPO-
yuBaHeTo (dur. 1), cbc cpefiHa cTonHOCT 810.84 +
SD=729.03 U/L[106 - 4351]. CpegHaTa CTOMHOCT
npv nouynHanuTe 65 naumeHTa C U3BbPLUEHN
o6wo 70 nyHKLmm bewe 843.16 £ SD=747.71 U/L
[106 - 3588]. Mpwn npexnBenuTe 55 nayuneHTa ¢
M3MbiHEeHN 59 TopakoLueHTe3n CpefHOTO HUBO
Gelwe 772.49 + SD=710.67 U/L[191 - 4351]. Mpwn
nocnenBawo AWPEKTHO cpaBHeHue ¢ Mann-
Whitney U — test He ce yCTaHOBY CTaTUCTUYECKN
3HauMma pasfivka B H1BaTa 3a LDH npu npexun-
Benu 1 nounHanu (p = 1, p > 0.05), KoeTo 03Ha-
yaBalle, ye 6Axa HanuLe 3abonaBaHUA cpeq n3-
cnefBaHuUTe B NpoyyBaHeTo 271 aywm (B KOH-
KpeTHMA cyyam cnomeHatute 120 nauueHTa),

Ta6n. 2. LDH B nneBpanHara TeuHOCT Npu pasnnyHuTe
NaTonoruyHy MpoLecy ¢ NNeBpanHo aHraxupate (13).

LDH npu 6enurnenn | LDH npu 6eHurHen
Hecneunduynn | cneuuduuen (TBK) | manwrex npouec |  Manure npowec
3a00n9BaHmA npoLiec (n=63 nynktata; | (n=28nynkata;
(n=45nynktata; | (n=13nynKTata; [50 nauweTa 3arvigat)| 7 nauyenTa 3arugar)
3 nauyeHTa 3arvgat) | 5 nauyenTa 3arugar)

LDH npu poka3aH | LDH npw Henoka3a

cpeaHo
754.5556 U/L
+ SD =786.09

cpeaHo
1303.2307 U/L
+SD=583.9

cpenHo
768.484 U/L
+ 5D =709.12

cpeaHo
986.5 U/L
+SD=731.56

pepHo793.4 U/L
nep o6efunABaHe
CHepi0Ka3aHuTe
+5D=709.73

cpepiHo cpefiHo cpefiHo cpefiHo
840.429 U/L 1193 U/L 802.88 U/L 971.143 U/L
NPy NOYNHANMTE MPY NOYNHANNTE |NPU NOYNHANKTE |MPU NOYNHANUTE
+SD=2863.575 | £SD=575.599 | £SD=778.057 | +SD=788.776

cpepHo 823.544 U/L
nep, obepunABaHe
CHepi0Ka3aHuTe
+SD=774.252

The LDH parameter was examined in the
pleural fluid in 129 thoracentesis in a total of 120
patients out of all 126 punctured in the study (fig.
1), with the average value of 810.84 + SD =
729.03 U/L[106 -4351]. The mean value of the 65
patients who died, with a total of 70 punctures
performed, was 843.16 = SD = 747.71 U/L [106 -
3588]. In the 55 patients who survived with 59
thoracentesis realized, the mean value was
772.49 £ SD = 710.67 U/L [191 - 4351]. A sub-
sequent direct comparison with the Mann-
Whitney U-test did not show a statistically
significant difference in the LDH levels between
survived and dead patients (p = 1, p > 0.05),
which meant that there were diseases among
the 271 people included in the study (in this case
in the above mentioned 120 patients), which led

Table 2. LDH in pleural fluid in various pathological processes
with pleural involvement (13).

LDH in benign LDH in benign LDHiin a proven
non-specific diseases | specific (TB) process | malignant process
(n=45punctures; [ (n=13punctures; | (n= 63 punctures;
3 patients died) 5 patients died) 50 patients died)

LDH in an unproven
malignant process
(n=8 punctures;

7 patients died)

average average
754.5556 U/L | 1303.2307U/L | 768.484U/L 986.5 U/L
+ 5D =786.09 +5D=583.9 +5D=709.12 | +SD=731.56

average 793.4 U/L

after incorporation

with the unproven
+5D=709.73

average average average average
840.429 U/Lin 1193 U/Lin 802.88 U/Lin 971.143 U/Lin

the dead patients | the dead patients | the dead patients | the dead patients
+5D=863.575 | +£SD=575.599 | £SD=778.057 | +SD=788.776

average 823.544 U/L
afterincorporation
with the unproven

+D=774252

average average
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KOWTO Bofexa [0 noBuLlaBaHe Ha LDH, Ho He n
fo dataneH nsxopa. MoTbpcrxme 06siCHEHNE 3a
Te3n daKTy, pasrnexxgankm nogpobHO Kakeo ce
Cny4BaLlle C BbMPOCHUSA NMapaMeTbp B OTAENTHUTE
rpynv naumeHTu (Tabn. 2): ¢ 6eHNrHeHy Hecne-
undryHn 3abonaBaHus; cneynouyeH (Tybepky-
N03€eH) NpoLuec; AoKa3aH ManuUrHUTeT 1 60MHY,
NPV KOUTO BBMNPEKU BCUYKN ANATHOCTUYHU YCU-
NNA He Ce AOKa3Balle ManurHeHo 3abonaBaHe
NPy CUJHW KIUHWYHU 1 06pa3HO - AnarHoc-
TUYHU CbMHEHMA 3a HanuMumMe Ha TakoBa (nN=8
nawuveHTa, OT KOUTO 7 BNOCNeACTME 3arnHanum).

YcTaHOBY ce Npwu nocneaBasnaTa o6paboTka ¢
Mann-Whitney U - test ctaTcTuuecky 3Haurma
pa3nukamexgy HnBata Ha LDH npu nayuneHtute
C HecneundryHN O6pPOKaUeCTBEHN 3abonsBa-
HWA, CPAaBHEHU C Te3W MPU MALMEHTN CbC Che-
unduueH (TybepkynoseH) npouec (p = 0.00194),
B MOJI3a Ha 3aBMLUEHU HMBA NpU TybepKynos-
HuTe. Habniopagalle ce 1 CTaTUCTUYECKU 3Ha-
yrMa pasfivka Mexay HuBaTa npu cneunduyHn
N ManurHeHu nnespanHu n3nmem (p = 0.00288) B
non3a OTHOBO Ha NO-BMCOKUTE HKBa Npu Tybep-
KynosHute n3nueu. Hamawe obauye craTuctu-
YyecKn 3HauyMMa pasnmka B HMBaTa Ha LDH npun
06Lo CcpaBHeHWe Mexay OeHuWrHeHWTe Hecrne-
UAGUYHU 1 ManUTHEHUTE MNIEBPANHU U3MNBU
(Mpn cpepHU CTOMHOCTU KaKTo crnepBa 754.56
U/L vs 793.4U/L, p=0.3843, p > 0.05). Mpwn nH-
TeprnpeTvpaHe Ha JaHHWUTE 32 HEMaNIUTHEHW 3a-
60nABaHNA C NNEBPASTHO aHraXMpaHe ce 0Ka3a,
Ye TyOepKyIO3HUAT NpoLieC e eHa OT J0OpPOKa-
YecTBEHWTE MPUYMHM 33 BUCOKMU CTOMHOCTU Ha
LDH.

[laHH1Te OT HalleTo NpoyYBaHe He NPOTUNBO-
peyvaxa Ha pyrv noaooHuU.

Mpw feTanneH aHanu3 BbTPE B rpynmTe Mex-
Ly CTONHOCTUTE Ha »KWBW VS MOYMHaNM HaMaLle
CTaTUCTUYECKM 3HauvMa pasnuka: B rpynarta c
6eHurHeHu 3abonasaHusa (p = 0.75656, p > 0.05,
KaTo rpynata noyviHanu 6elle maska), B rpynara
Ccbc cneymounyHuTe 3abonaBaHus (p=0.9442,p >
0.05) n B rpynata c ManurHeHu 3abonsasaHus (p =
0.72634, p > 0.05, KaTo TYK rpynaTa Ha »K1BUTe B
cnyuasn 6elle TBbpAe Maska).

Hamalue ctaTucTMyeckn 3HauMmMa passnvka um
npwu cpaBHeHne mexay LDH Ha nounHanute c 6e-
HUTHeHN HecneundunyHK 3abonaBaHWA VS Cre-
unounyHK, cneundUUHN Vs ManmrHeHn n gobpo-
KauyecTBEHM VS MaluUrHeHu (CbOTBETHO p =
0.42952;p=0.1141;p=0.6818,p>0.05 nsTpuTe
Kasyca). MI3umcneH penatmBHUAT PUCK 3a CMbPT-
HOCT npw 3aBuwweHa LDH 6elwe RR = 3.9375 (>1)
npu odds ratio OR = 0.625 (<1), KaTo pa3nukaTa
MeXAay NoYyvHanuTe N NPeXMBenuTe B HacToA-
LeTO NpoyyYBaHe He Gelle CTaTUCTUYECKUN 3HAUK-
Ma (p=0.3791,p >0.05 cFisher's exact test).

O6wwo 95 naumeHTa JeMOHCTpMpaxa B Mies-
panHua nyHKTat LDH > 2/3 oT ropHaTa rpaHuua
3a cepyma (1.e.> 300 U/L, npu pedepeHTHM CTON-
HocTu 3a LDH B nabopatopusta Ha MBAJ16b,,CB.
Cooua” EAL] 225-450 U/L), kaTo 50 oT Tsx b6sAxa
noumHanu. MauymeHTtute c LDH < 300 U/L 65axa 25,
oT kKouTto 15 BnocneacTeme ca nodmHanu. W3-
non3eaHeTo Ha LDH kaTo camocToaTeneH Kpute-

to increased LDH, but not to a fatal outcome. We
searched an explanation for these results, loo-
kingin detail at what happened to the parameter
in question in the different groups of patients
(table 2): with benign non-specific diseases; spe-
cific (tuberculous) process; proven malignancy
and patients in whom, despite all diagnostic
efforts, no malignant disease was demonstrated
but with strong clinical and imaging-diagnostic
suspicions of its presence (n = 8 patients, of
whom 7 subsequently died).

The subsequent processing with the Mann-
Whitney U - test revealed a statistically signifi-
cant difference between LDH levels in patients
with non-specific benign diseases compared to
those in patients with a specific (tuberculous)
process (p = 0.00194), in favor of elevated levels
in tuberculosis. There was also a statistically sig-
nificant difference observed between the levels
in specific and malignant pleural effusions (p =
0.00288) in favor again of higher levels in tuber-
culous effusions. However, there was no statisti-
cally significant difference in the LDH levels in
the overall comparison between benign non-
specific and malignant pleural effusions (avera-
ge levels as follows 754.56 U/L vs 793.4 U/L, p =
0.3843, p > 0.05). The interpretation of the data
for non-malignant diseases with pleural involve-
ment found that the tuberculosis process is one
of the benign causes of high LDH values.

The data from our study did not contradict
those reportedin other similar studies.

In a detailed analysis inside the groups
between the values of alive vs dead patients
there was no statistically significant difference: in
the group with benign diseases (p = 0.75656, p >
0.05, the group of dead patients was small),in the
group with specific diseases (p = 0.9442, p >
0.05), and in the group with malignant diseases
(p=0.72634, p > 0.05, as here the group of survi-
ving patientsin this case was too small).

There was no statistically significant differen-
ce when comparing the LDH levels of patients
who died from benign non-specific diseases vs
specific diseases, specific vs malignant and be-
nign vs malignant pathologies (respectively p =
0.42952; p = 0.1141; p = 0.6818, p > 0.05 in all
three cases). The relative risk of mortality at ele-
vated LDH values was calculated RR=3.9375 (>1)
at odds ratio OR = 0.625 (<1), demonstrating no
statistically significant difference between dead
and alive people in the current study (p =0.3791,
p>0.05with Fisher's exact test).

A total number of 95 patients demonstrated
in the pleural fluid LDH > 2/3 of the upper limit
for serum (i.e. > 300 U/L, at reference values for
LDH in the laboratory of MHATPD "St. Sophia"
225-450 U/L), 50 of whom had died. There were
25 patients with LDH < 300 U/L, of whom 15 had
subsequently died. The use of LDH as an inde-
pendent criterion for differentiating an exudate



puii 3a oTandepeHUrpaHe Ha eKCyaaT OT TPaHC-
yAaT ycnewHo Bepuduumpa nyHKTaTUTE KaTto
eKCyaaTVBHY Npu 95 naumeHTa ot o6wo 120.B 7
crlyyas nnueBpasiHuTe M3NMBKU 6sXxa afekBaTHO
onpefeneHn KaTo TpaHcygatu (NOTBbpAeHM C
KputepunTe Ha Light), a npu 18 6sxa rpewHo
onpegeneHn Kato TpaHcygati. CamocToAaTenHO
npunoxeHue Ha kputepuAat LDH > 2/3 ropHaTta
rpaHuLa 3a cepyma, KaTo Mapkep 3a Bepuounum-
paHe Ha eKcydat, B HalleTo NpoyyYBaHe yCTaHo-
BU: CEH3UTUBHOCT = 84.1%, crneunduyHocT =
100%, akypaTHOCT = 85%, no3uTuBHa npep-
CKa3Balya ctonHocT = 100% 1 HeraTMBHa Npega-
CKa3Balla cTonHocT=28% (13).
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