DOI: 10.5937/serbjph2303305K

3HAYAJ ANJATHOCTUKE HEYPOBOPEJIMO3E Y PENYBJINLIA CPBENJA

HNBana Keaunh

WucrutyT 3a jaBHo 371pasibe Cpouje ,,Jlp Munan Josanosuh baryt”, Llenrap 3a mukpobuonorujy, beorpan, Cpouja

IMPORTANCE OF NEUROBORRELIOSIS DIAGNOSTIC IN THE REPUBLIC OF SERBIA

Ivana Keli¢

Institute of Public Health of Serbia “Dr Milan Jovanovic Batut”, Centere for Microbiology, Belgrade, Serbia

CaxeTtak

Ilajmcka HeypobGopenuosa (JIHB) je Hajuewhu obnuk AucemuHoBaHe
JIb y EBponu. Pey je o 6onectu kojy npeHoce Kpnerbu, a Kojy usasuea
komnnekc Borrelia burgdorferi sensu lato (Bb). Ha TpxuwTy cy goctyn-
HY BPOjHN TECTOBU 3a AMjarHOCTUKY Heypobopenuose, anu HujeaaH Huje
[OOBOSbHO NoysgaH aa cam notepau aujarHody JIHB. Mepewe mHaekca
aHTuTena (Al), nako npeacraerba 3naTHW CTaH4aph, Huje y cTawy Aa
pasnukyje TpeHyTHy nHdekunjy of npenexade. MNogpluka 3a gujarHosy
ce AenvMUYHO MoXe Hahu y KOHTpomnu koHueHTpaumje CXCL-13, koja ce
CMakbyje HaKkoH ycneluHe Tepanuje. MMkpoburonoLuKo ncnutneake npea-
CTaBrba camo JoAaTHY NoapLUKy Npy nocTaerbaky anjarHose JIHB, Te ce
Mopa nocmartparu 3ajefHo ca UCTOPWjOM usnarama, KNMMHUYKOM NpeseH-
Taumjom 1 Apyrum nabopatopmjckum pesyntatuma.

KrbyyHe peuu: najmcka Heypobopenvosa, MHTpaTekanHo
nydyewe aHtutena, CXCL-13

YBopg

Jlajmcka Heypobopenunosa (JTHB) je cuctemcka nHgekumja
HEpPBHOI CUCTEMa KOjy MpPeHoce Kprnerbu, a Kojy nsasvea
komnnekc Borrelia burgdorferi sensu lato (Bb). OHa je Haj-
yewha maHudecTaumja guceMmHoBaHe (pawmpeHe) 6o-
penuose y EBponu [1-3], a MOxe Aa ce pasBuje Kao npu-
MapHa vnu ga ycnegu HakoH eritema migrans (EM) kog
oko 10% nauujeHarta ca J1b [4], ca TMNU4HUM cumnToMuma
N cuHapoMumMa. TecToBM Koju Cy 3naTHU cTaHgapg [5] 3a
nabopatopwujcky notepgy JIHB petekTyjy mHTpatekanHo
nyyewe aHtutena. Mnak, getekuuwja aHtutena v garee je
orpaHu4eHa, NocebHo y paHoj dasu, 36or Tora LTo aHTU-
Terna HUCy Mmana JOBOSbHO BPEMEHA Aa ce pasBujy, a u
360r Tora WTO MOry Aa 3aoCTaHy rogMHama HakoH LTO je
cama vHdekuuja nanedeHa. [Jobpo nosHat npobrnem na-
XKHO NO3UTMBHUX pesynTaTta n'y cepymy u y uepebpocnu-
HanHoj TeyHoctn (LICT) moxe ga omeTta gujarHoctudpm-
koBahe JIHB, LWTO 3HauM ga Ccy KMMHUYKK pesynTaTn of
KIbyYHOT 3Hauaja.

Penybnuka Cpbuja He 3aocTaje ca AWjarHOCTUKOM Hey-
pobopenunose, HanpoTMB, HEOMxo4Ha AujarHoCTWKa ce
cnposoan a Al ce padyHa 3a cBe crny4vajeBe y Kojuma no-

Abstract

Lyme neuroborreliosis (LNB) is the most common disseminated form of
LB in Europe. Itis a tick transmitted disease, caused by Borrelia burgdor-
feri sensu lato complex (Bb). There are numerous tests on the market for
neuroborreliosis diagnostics, but none is reliable enough to confirm the
diagnosis of LNB alone. Measuring antibody index (Al), although a gold
standard test, is unable to distinguish current infection from a resolved
one. Support can partially be found in CXCL-13 concentration follow up,
which will decrease after successful therapy. Microbiology testing is just
a support in establishing LNB diagnosis, and must be considered in con-
junction with exposure history, clinical presentation, and other laboratory
findings.

Keywords: Lyme neuroborreliosis, intratecal antibody pro-
duction, CXCL-13

Introduction

Lyme neuroborreliosis (LNB) is a tick transmitted nervous
system infection, caused by Borrelia burgdorferi sensu lato
complex (Bb). It is the most common manifestation of dis-
seminated borreliosis in Europe [1-3], which can be de-
veloped primarily or can follow erythema migrans (EM)in
about 10% of LB patients [4], with typical symptoms and
syndromes. Gold standard tests [5] for laboratory confir-
mation of LNB detect intrathecal antibody production. Still,
detection of antibodies remains limited especially in the
early phase, due to antibodies not having enough time to
be developed or they may persist for years after the infec-
tion is cured. Well known problem of false-positivity both in
serum or cerebrospinal fluid (CSF) might hamper the diag-
nosis of LNB, meaning that clinical findings are essential.

The Republic of Serbia is not lagging behind with the di-
agnostic of neuroborreliosis, on the contrary, necessary
diagnostics is performed and Al is calculated for suspected
cases. Lyme neuroborreliosis is not notifiable disease by
Serbian Law on Protection of Population against Commu-
nicable Diseases and is not covered by epidemiological
surveillance. Hopefully, this will change in the process of
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MBaHa Kenuh

cToju cyMmea. Jlajmcka Heypobopenunosa, npema 3akoHy o
3alWITUTN CTaHOBHULLTBA 0f 3apasHux bonectn Penybnu-
ke Cpbuje, HMje GonecT koja noanexe npujaBrbMBakby, 1
HMWje MoKpmMBeHa enuaeMuoriowKUM Hagsopom. [locTtoju
Haga ga he ce 0BO MPOMEHUTM Yy MPOLECY XapMOHU3aLUm-
je 3akoHa 1 nponuca Penybnuke Cpbuje ca ctaHgapguma
EBponcke yHuje. Auctpubyumjy NHB 6u Tpebano npatutu
y Cpbuju, 36or Tora wTo je 6poj crniyyajesa nao y nopehe-
Ky ca rognHama kaga je 6onect 6una nog Hagsopom. JIHB
ce caja npuvjaBrbyje Make Hero WwTo je 0b6orbere peanHo
3aCTyNIbEHO.

Lnrb oBor paga jecte ga npefcraBu CTakbe TEXHUKE Y MU-
KpobuonoLukoj gujarHoctuum JIHB 1 noysgaHocT gujarHo-
CTUYKKMX TECTOBA.

KnuHnykmn cumntomu JIHB

KnyvHnykmM cumnTomMm n Tok Bonectu pasnukyjy ce og na-
umjeHTa o naumjeHTa, 4ennuMmnyHo 3asmcehu n og reHoBp-
cte Borrelia burgdorferi. Borrelia garinii (wnn B. bavariensi
[6]), HeypoTpONHa reHoBpCTa, Hajuewhu je y3podHuk JIHB
y EBponu, a HakoH we crnegu B. afzelii [7], koja goBoan 0o
Hajseher Opoja KoxxHUX MaHudecTaumja onectu [8].

HeyporoLukn cumMnTomMu ce jaBrbajy U 'y paHoj N y KacHoj
dasmn JIHB, npu yemy ce bonect maHudecTyje 1 y nepu-
depHom HepsHoM cuctemy (MHC) n y ueHTpanHom Heps-
Hom cuctemy (LIHC). MpupogHn Tok paHe JIHB 4yecTo je
camoorpaHuyeH [9], ann kacHa ¢dasa uMa XPOHUYHM TOK
6onectu [10].

Y paHoj ANCEMUHOBaHOj MHAEKLMjU, Najmcka Heypobope-
1nno3a ce Kof, ogpacnvx yrinaBHOM jaBiba Kao MEHUHIO-pa-
avkynutuc (baHBapToB CMHOPOM), MEHMWHIUTUC, PETKO
eHuedanutuc nnm mmujenutuc, BeoMma petko LepebpanHu
BaCKynuTuC, Kog Aeue YrmaBHOM Crnabuju MEeHVWHIUTUC U
dauujanHa napanusa [11].

TecTupame ce He npenopyyyje

YBeK je nocTojana MHTEH3UBHA AMUneMa O TOME Koje Heypo-
noLke npeseHTaumje Tpeba Tectnpartu, ¢ o63npom ga cy
cumntomu JIHB feo MHorMx pasnuunuTux gmjarHosa.

He npenopyudyje ce Tectnpawe crnegehunx naumjeHaTa ca
HEYpOnoOLLKUM Npes3eHTauujama: TUnMyHa ammoTpodouny-
Ha naTeparnHa ckneposa, penarncHa-peMUTEHTHa MynTu-
nna ckneposa, [lapkMHcOHOBa Gonect, AeMeHuuja unu
KOrHUTMBHO ornajare, UM HOoBa rMnojaBa Hanaga, Kao Hu
nauujeHata ca abHopmanHum HanasvmMa 6ene mace orpa-
HMYEHUM Ha MO3aK, Koju ce cmaTpajy HecneunuyHum
Hana3om Ha MarHeTHoj pe3oHaHuu (MRI) n 6e3 cymme Ha

harmonization of Serbian laws and regulations according
to EU standards. LNB distribution should be monitored in
Serbia, because the number of cases dropped, comparing
with the years when the disease used to be under surveil-
lance. LNB is now under reported.

The aim of the paper is to present state of the art of micro-
biology diagnostic of LNB and reliability of diagnostic tests.

LNB clinical symptoms

The clinical symptoms and the disease course differ be-
tween patients, partially depending on the genospecies of
Borrelia burgdorteri. Borrelia garinii (or B.bavariensi [6]),
neurotropic genospecies is the most common cause of
LNB in Europe, followed by B.afzelii [7], which is causing
mostly skin manifestations [8].

Neurological symptoms appear in both early and late
phase of LNB showing peripheral nervous system (PNS)
or central nervous system (CNS) manifestations. The nat-
ural course of early LNB is often self limiting [9], but late
phase has chronic course [10].

In early disseminated infection Lyme neuroborreliosis is
presented in adults mainly as meningo-radiculitis (Bann-
wart syndrome), meningitis, rarely encephalitis or myelitis,
very rarely cerebral vasculitis, in children mainly poor men-
ingitis and facial palsy [11].

Testing not recommended

There has always been a huge dilemma about which neu-
rological presentations should be tested, meaning that
LNB symptoms are part of many differential diagnoses.

It is not recommended to test the following patients with
neurological presentations: typical amyotrophic lateral
sclerosis, relapsing-remitting multiple sclerosis, Parkin-
son’'s disease, dementia or cognitive decline, or new-on-
set seizures, also patients with white matter abnormalities
confined to the brain, considered nonspecific magnetic
resonance imaging (MRI) and without any suspicion for
Lyme disease [12].

Diagnostic tests for LNB

Diagnostic tests in LNB are divided into two categories:
direct and indirect detection methods [8].

Direct methods like culture or PCR are low yield tests,
therefore not recommended in routine diagnostics [8]. Di-
agnostic sensitivity of PCR and culture in CSF for early
LNB is 10-30% and in late LNB is extremely low [8]. This
is the main reason why serology is strongly recommended
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Jlajmcky 6onect [12].
OunjarHocTn4ku TectoBu 3a JIHB

OujarHocTtnykn Tectosu 3a JIHB nogerseHn cy Ha aBe Ka-
Teropuje: QUPEKTHE U MHOMPEKTHE MeToae aeTtekuuje [8].

[unpekTHe meTode Kao WTOo cy rajewe y kyntypu nnn PCR
Cy TEeCTOBM HWCKOr MPUHOCA, Na ce He Npenopy4dyjy y py-
TUHCKOj AujarHocTvum [8]. [OujarHocTuyka OCEeTI/bMBOCT
PCR meTtoge 1 rajewa y Kyntypu 3a getekumnjy pade JIHB
n3 LCT je 10-30%, a 3a kacHy JIHE je ekcTpemMHO HuCKa
[8]. OBO je rmaBHM pa3nor 3awTo Ce CHaXXHO npenopydyje
ceponoruja, HacynpoT PCR meToau nnu rajewsy y Kyntypm
[12].

MHOovpekTHe MeTofe YKIby4yjy KOHBEHLMOHaNHo ABOCTe-
NMEeHO CEPOrOLLKO TecTupame (EH3NMCKM uMyHoTecT — EIA
UMM UHOUPEKTHY UMYyHOoyopecueHunjy — IFA, n nmyHo-
onort), ny cepymy ny LICT.

Kako 6u ce noctaBuna agujarHosa LICT, notpebHo je no-
4YeTu o TecTupara cepyma, moryhe je y napy, umajyhu y
BMAY Aa NpBW pe3ynTaT yBek Moxe fa Oyae naxHo Hera-
TVBaH jep je IgM aHTuTenMma noTpebHo HajMake Tpu He-
nerbe fa ce passujy. Al ce padyyHa nomohy dopmyne, Ko-
puwhenem ELISA BpegHocTtu 3a LICT n cepym, TecTupaHe
Ha MpUCYCTBO aHTWUTena Ha B. burgdorferi, BpegHoOCTM 3a
yKynHa aHtutena, IgM unu IgG 1 anbymuHe, 1 y cepymy u
y LICT [4]. Al ce mepu y Buno Kojoj knacu aHTuTena, anu
BehuHa ctyaunja padyHa Al 3a 1gG [13].

HeonxogHo je pasnyuuTu ga nv cy aHTuTena npoluna y
Mo3ak 30or owteherwa KpBHO-MOXaaHe Gapujepe, unu je
OOLUSI0 A0 UHTpaTeKanHe cnuHtese aHtutena [14].

AKO ce of, naumjeHaTta Ko Kojux ce cyMha Ha Jlajmcky 60-
nect yauma y3opak LICT, npenopydyje ce ga ce y CiM4HO
Bpeme y3Me 1 y30pak KpBu, kako b1 ce nsberao nag KoH-
LeHTpaumje aHTuTena ycneq HopmanHe 3ameHe LICT, koja
ce gelwaBa NpubnmkHO Ha cBakux LwecT vacosa [15]. Ba-
XHO je geTarbHO NpaTuTy Npoueaypy 3a y3nmame y3opka
LICT n KopucTtuth HajMawe Opyry enpyBeTy y pegocneny
enpyseTa 3a Al aHanuay, jep 6u nNpBa enpyeeTa Morna ga
cagpxun KpB 1 Behy KOHUEHTpaLumjy npoTermHa u3 cepyma
[14]. OBa aHanu3a ce CHaXXHO npenopydyje, kako 6u ce
Morao mnspadyHatu nHgekc LICT-cepym. M3Bohewe ELISA
Tecta u3 LICT, kao ckpuHUHT TecTa, 6e3 padyHawa Al, ce
He npenopyuyyje [12].

[BocteneHo TecTnparwe nogpasymena EIA unu IFA ckpu-
HWHT TECT Kao MpBU KOpak, a TeCT NOTBpAE, MMYyHOBNOTOM,
Kao ApyrocteneHu TecT (Opyrv Kopak).

rather than PCR or culture [12].

Indirect methods include conventional two tier serologic
testing (enzyme immunoassays-EIA or indirect immunoflu-
orescence- IFA and immunoblot) both in serum and in CSF.
In order to establish the diagnosis of LNB, it is necessary to
start with sera testing, possibly in pair, keeping in mind the
fact that the first result can always be false negative, since
IgM antibodies need at last 3 weeks to develop. Al is calcu-
lated with formula using ELISA values of CSF and serum,
tested for the presence of antibodies against B.burgdorferi,
values of total antibodies, IgM or IgG and albumins both in
serum and CSF [4]. The Al is measured in any antibody
class, but most of the studies are evaluated the Al for IgG
[13].

It is necessary to distinguish whether antibodies are dif-
fused into brain due to the impairment of blood-brain barri-
er or intrathecal antibody synthesis occurred [14].

If CSF is taken from patients suspected for Lyme disease,
it is recommended to draw blood near the same time in
order to avoid drop in antibody level due to the normal CSF
turnover, which occurs approximately every 6 hours [15]. It
is important to follow the CSF tap procedure in detail and
to use at least the second tube in the tube order for the Al
analysis, since the first tube might contain blood and high-
er concentration of serum proteins [13]. It is highly recom-
mended to perform the analysis in order to determine the
CSF-serum index. Performing Elisa test in CSF, as screen-
ing test without measuring the Al is not recommended [12].

Two tier testing implies EIA or IFA screening assays as first
tier, and confirmatory, immunoblot tests, as second tier
test.

If the screening tests are equivocal or positive in IgM or
IgG class, second tier confirmatory immunoblot assays
must be performed. If first tier tests are negative, second
tier tests are not performed. In the case LNB is suspected,
intrathecal antibodies must be determined. In peripheral
nervous system involvement, intrathecal antibody produc-
tion is not expected, on the contrary to central nervous sys-
tem involvement.

There are several other tests, regarded as unconventional
diagnostic tests with relatively low sensitivity, like simple
ELISA, measuring the concentration of CXCL 13, giving
additional information to clinicians. Biomarker, chemokine
CXCL-13 can be used in early diagnosis of LNB. It is a
lymphoid chemokine, constitutively expressed in lymphoid
organs and controls the recruitment and compartmental-
ization of B-cells and CD4+ T lymphocytes within these
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YKOMWKO CY CKPUHWUHT TECTOBU HeogpeheHnx nnm nosntme-
HMX pesynTaTa 3a IgM nnm IgG knacy, mopa ce u3BpLUMTH
OpyrocteneHn MMyHo6NoT TecT 3a noTepAy. AKO cy NpBo-
CTENneHn TECTOBU HEraTUBHW, APYrocTeneHn TECTOBM Ce He
page. Ykonuko ce cymwa Ha JIHB, mopajy ce ogpeantu
WHTpaTekanHa aHtuTena. Kaga je 3axsaheH nepudepHu
HEpPBHW CUCTEM, HEe O4YeKyje Ce CMHTe3a WHTpaTeKkanHux
aHTUTena, HacynpoT cuTyaumju y Kojoj je 3axBaheH LeH-
TparnHu HEPBHU CUCTEM.

[MocToju jow HeKonMKo Apyrnx TectoBa Koju ce cmaTtpajy
HEKOHBEHLMOHANHNM AWjarHOCTUYKMM TEeCcToBMMa pena-
TMBHO HWCKE CEH3WTMBHOCTW, Kao LUTO Cy jedHOCTaBHU
ELISA TectoBM Koju Mepe koHueHTpauujy CXCL-13, a
KOju KnvHMYapuma foHoce goaatHe mHdopmauuje. buo-
mMapkep xemokmH CXCL-13 ce Moxe KOpUCTUTK 3a paHy
aunjarHosy JIHB. Pey je 0 nMdONOHOM XEMOKUHY Koju ce
KOHCTUTYTUBHO ekcrnpummnpa y nuMdongHuM opraHuma u
KOjU KOHTponuiie perpytauujy u KkoMmnapTmeHTanusauujy
B henuvja n CD4+ T numdoumTa yHyTap OBMX CTPyKTypa
[16]. OH je cHaxaH aTpakTaHT B henwuja, 4nja je KOHUEH-
Tpauuja nosuweHa y LICT nauunjeHaTa ca paHom JIHB, anu
n cudpunucom. Nako 6u ELISA tect 3a CXCL-13 morao ga
Ce KOpPUCTU N Kao AMjarHOCTUYKN TECT U Kao UHCTPYMEHT
3a npahene 0AroBopa Ha fneyene, TEK oCTaje Aa ce oueHn
H-EroB Y4MHaK y KacHoj Jlajmckoj 6openunosm [17].

Tymauetrbe pesyrntaTta TeCTOBa Yy KIMHUYKO]j NpaKcu

MocTtaBmawe aunjarHose JIHB npeacraeea n3asos, Te ce
CBaku NO3UTMBHWU Hana3 Ha ocHoBYy Al Mopa npoLueHnTn y
KOHTeKCTy 3anarbeHckmx napametapa y LICT 1 KnMHUYKMX
Hanasa [5]. Jow yBeK Huje NOCTUrHyT MehyHapooHW KOH-
CEH3YC y BE3W ca AujarHOCTUYKUM KpuTepujymmnma 3a JIHB
[5]. Kputepujymm ce pasnukyjy y EBponu n CALl. EBponcku
KpuTepujymn nponucyjy aetekuumjy Al Kao HeonxogHy, Ha-
cynpoTt kputepujymuma ns CA[ [5].

Mo3nTnBHM ceponolukn pedyntatu kog Jlajmcke Gonectu
Aajy niHdopmaLmjy 0 akyTHOj Unu npenexaHoj nHdekumju.
WcTo Baxkun u 3a JIHB, y3 gogaTtHy notpeby 3a pesyntatuma
n3 LICT. Kako 6u ce geTekToBano HapyLlaBahe KpBHO-MO-
XaaHe 6apujepe NoTpebHo je Aa ce ogpean KOHLEHTpauum-
ja ykynHux IgM, ykynHux 1gG unu anbymuHa u'y cepymy u
y LICT, Te na ce 3ajegHo ca koHueHTpauujom IgM nnm IgG
cneumguryHnX 3a AaTv NaToreH UCKOPWUCTU 3a n3padyHa-
Barbe uHgekca aHtutena (Al). Al je nngekc LICT-cepym,
Te aKko je No3MTMBaH, OH YKasyje Ha Npou3BOAdHY aHTUTe-
na cneundunyHnx 3a Bb y uepebpocnuHanHoj Te4HOCTU
(4CT), anu cy noTpebHM gogatHU Hanasm yKonmKo ce CyM-
tba Ha JIHB. 3a nocTtaBrbane gujarHose JIHB noTpebHu cy
n apyru yobunyajeHn naboparopujckm Tectosu n3 LICT, kao
LUTO Cy AeTeKumja nneoumTose numdoumnTa, aKTuBMpaHmx

structures [16]. It is a strong B cell attractant, elevated in
the CSF of patients with early LNB and in syphilis, as well.
Although ELISA for CXCL-13 could be used as both a di-
agnostic test and a monitoring tool of treatment response,
it has yet to be assessed in late Lyme borreliosis [17]

Interpretation of test results in clinical practice

The establishment of LNB diagnosis is challenging and
any positive finding of the Al must be assessed in the con-
text of CSF inflammatory parameters and clinical findings
[5]. International consensus for diagnostic criteria of LNB is
still not reached [5]. In Europe and in USA the criteria differ.
European criteria prescribe detection of Al as necessary,
on the contrary of USA criteria. [5]

Positive serology in Lyme disease gives information about
an acute or resolved infection. This is the same in LNB,
with the additional need for CSF findings. In order to detect
disturbance of the blood-brain barrier, concentration of total
IgM, total IgG, or albumins both in serum and CSF, should
be determined and used with concentrations of pathogen
specific antibodies IgM or IgG to calculate antibody index
(Al). Al is a CSF—serum index, and if positive, it implies the
production of Bb-specific antibodies in cerebrospinal fluid
(CSF), but additional findings are needed if the LNB is sus-
pected. Other conventional laboratory testing in CSF, like
detecting lymphocytic pleocytosis, activated plasma cells
and a disturbance of the blood brain barrier [11,18], with
patient’s medical history, and clinical findings are needed
for the establishment of LNB diagnosis.

CXCL-13 concentration in LNB is usually normalized short-
ly after treatment and it can be used for monitoring of treat-
ment response. The concentration of CXCL-13 is increased
in meningitis caused by any other infectious diseases or
other medical conditions including HIV, neurosyphilis, CNS
lymphoma, multiple scelosis [6]. The results can be used
for the follow up of the therapy success, unlike Al which
can persist for months after the therapy. Persistent eleva-
tions of CXCL-13 suggest that the pathogen is avoiding the
clearance and that it remains infective [16].

Unfortunately, CXCL 13 is not such a reliable marker of
LNB since its concentration can elevate in other neurolog-
ical conditions like multiple sclerosis, CNS lymphoma, or
meningitis caused by other infectious agents like HIV infec-
tion, neurosyphilis and tick borne encephalitis[19].

Conclusion

LNB is not easy to diagnose, since microbiology tests are
not reliable enough. Designing of tests is still an ongoing
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nnasma henuja n HapylaBarwa KpBHO-MOXaaHe H6apujepe
[11, 18], 3ajeaHO ca aHaMHE30M M KITMHUYKUM nogauuma.

KoHueHTpaumja CXCL-13 kog JIHB obuyHo ce Hopmanu-
3yje ybp30 HaKoH neyera, Te ce MOXe KOpUCTUTK 3a npa-
hewe oarosopa Ha Ttepanujy. KoHueHTpaumja CXCL-13 je
NOBULLIEHA KOO MEHWHrMTUCA KOju MPOY3pOKYjy Apyre WH-
hekTBHe GonecTn unu gpyra 3gpaBCcTBeHa CTama, YKIby-
qyjyhu HIV, Heypocundunuc, numdome LIHC-a n myntunny
cknepoay [6]. PesynTtati mory ga ce kopucrte 3a npahewe
ycnexa nedvewa, 3a pasnuky of Al koju moxe fa ce 3a-
OpXW Meceuuma HakoH Tepanuvje. YNOpHO 3agpxaBare
noBuLLIEHNX KoHuUeHTpauuja CXCL-13 ykasyje ga naTtoreH
nsberasa nsbaumsare U3 opraHnsama, 1 ga nsbaumsare
HWje 4enoTBOpHO [16].

Haxanoct, CXCL-13 Huje Tako noy3gaH Mapkep JIHB c
0631MpoM [a HeroBa KOHUeHTpauuja moxe fa Oyage no-
BYLLEHA W Y OPYTMM HEYpOIOLWKUM CTakMMa, Kao LTO Cy
MynTunna ckneposa, numcpom LIHC-a nnm meHuHruTuc
n3asBaH ApyruM MHEKTMBHUM areHcuma Kao LUTO Cy WH-
dekumja HIV-om, Heypocuunucom, nnm eHuedanmTncom
Koju npeHoce kpnersu [19].

3akrby4ak

JIHB Huje nako gujarHocTudmkoBaTu, 300r Tora LTO MU-
KPOBMOMOLLKM TECTOBU HWUCY AOBOSbHO mnoysgaHu. Ocmu-
LWrbaBake TecToBa je Mpouec Koju je U fgarbe y TOKY, C
063vnpom aa B. burgdorferi sensu lato capgpxu pasnuunTe
reHoBpcTe. KNuHWMYKM Hanasu v garbe Cy rmaBHW M3BOP
WHopmaumja, a AMjarHOCTUYKMM TeCTOBMMa OCTaBIbajy
npocTtop Aa byay M3Bop AodaTHMX MHpopmaumja Ha nyTy
noctasrbawa gujarHose JIHB koag naunjeHaTta.
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