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Lyme neuroborreliosis (LNB) is an infectious disease, developing after a tick bite and the dissemination of Borrelia
burgdorferi sensu lato spirochetes reach the nervous system. The infection occurs in children and adults but with
different clinical courses. Adults complain of radicular pain and paresis, while among the pediatric population, the

most common manifestations of LNB are facial nerve palsy and/or subacute meningitis.

borreliosis lyme borreliosis neuroborreliosis

| 1. Introduction

As Borrelia pathogens show the ability to spread easily and affect various tissues in the body, they activate the
host's immune defense, causing the multisystem inflammation and symptoms of the disease . As the spirochetes
disseminate through the bloodstream, or tissue planes, different manifestations of LB develop. According to The
European Federation of Neurologic Societies (EFNS) guidelines, the diagnosis of definite LNB must be based on
the fulfillment of three criteria, and two of them for possible LNB: Neuroborreliosis infection manifests itself by facial
nerve palsy, meningitis, and radiculopathy; however, symptoms differ in the European and American population
due to different spirochete species 1.

The following paper presents the summary of the results of the latest research on Lyme neuroborreliosis in

children. The collected data were divided into sections, representing various aspects of this disease with emphasis

on neurological manifestations, diagnosis, and treatment.

Referenefsited the Lyme neuroborreliosis (LNB) definitions according to EFNS guidelines 2 (Table

1 and Table 2). .
1. Rauer, S.; Kastenbauer, S.; Hofmann, H.; Fingerle, V.; Huppertz, H.-I.; Hunfeld, K.-P.; Krause, A.;

Ruf, B.; DerschoB, Gyidelings for DIARNass A8 TL3iment inbisiRggythyie Neuroborreliosis.
GMS Ger. Med. Sci. 2020, 18, 18.

2. %ﬁ‘gﬂeurob" ostad, U.; FingaéedlegRHPRIRBImd sseeRstvizbrarklpt:+ Steiner, . EFNS

Guigelinea:dn sheiBiagnosis and Management of European Lyme Neuroborreliosis: Guidelines on
Neuroborreliosis. Eur. J. Neuwrate2®iOsnlivgl eedl(CSF) pleocytosis

3. Q2 ibekiRfbokdiiodRuzic- SalI)nkra‘thedal Smer)/a burg or h sens%%?o'?gwgrl?& l)'/opsrb nctIChIIdren
Efidfdigeatrnt Zoitgsiarison of Clinical Findings of Lyme Neuroborreliosis Caused by Borrelia Garinii

and Baorrelia Afzelii. Pediatric Infect. Dis. J. 2019 _38 e279-e284
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7 ACrippealaddesRelid, NB ; éxespt forlmatestiyatinis @olyhedvbpdinand Dycraenias3ofsTraoksy)sBospabiflc 1gG
antivdeies\viyhef Borme havs usgeoidendSénsa Girition afd BesksliaMielihin tosesmisimesXctksdvector-

Borne Zoo%ig Qi%r@%mzdéﬁﬁ?re late Lyme neuroborreliosis (LNB) with polyneuropathy 2.

Saugeon, C.; Coffinieres, E.; BlanchoeTiphecd@rgwpattyHospitalisation Rates of Lyme

Borreliosis, France, 2004 to 2012. Eurosurvelllance 2014, 19, 20883.
Clinical diagnosis of acrodermatitis chronica atrophicans (ACA)

Norawalt, v meruar pET], P. LyIme

U K 1 J ) |'| n Of KIMETE 1-) —! ! 1 My U
Neuroborreliosis in E%rlrl?#aerqu,@ %g%rbg%?ﬁ/%@?u@)? )c_J?eﬁlcrllffga te)% {?rse'sn, Fgré]nosis, and Outcome.
Pediatric Infect. Dis. J. 2008, 27, 1089-1094.

b%oMﬂBﬁ(rLa@gamgoMeﬂIEQd\s Wall, P.; Trollfors, B. Neuroborreliosis in Swedish

Children: A Population-Based Study on Incidence and Clinical Characteristics. Pediatric Infect.
Mab%g?rftid&g’e é'gwjeﬁ/gg _fgbgges abstracts, and the entire text based on the following criteria: (1) original

papers; (2) reviews; (3) Lyme neuroborreliosis in children as a key topic of the paper; and (4) Lyme

SeursBBR&IdSis WaHNES InCufin (X @Yipdrisotidao find WRRBRI FRIRRS0 k- AAT BletMdblicihl 4k 3ditorials,
WrapRRRrRS AlStigiskidNG BPARSSE AN A B AR B SRR MG A HS SURISIETR BRI 10BEbiA"
Engqgé“w?m!yﬂ%yﬁs,_conducted in the following steps. The first step was related to the analysis of selected

papers based on titles and abstracts, the second step was connected with the analysis of full-text papers, and the

10 Begnluda FLSM B PSSt bipgbera, A.; Ringnér, A Elmrud, H.; Carlsson, M.,
Runehagen, A.; Svanborg, C.; Norrby, R. An Epidemiologic Study of Lyme Disease in Southern

Sweden. N. Engl. J. Med. 1995, 333, 1319-1324.
| 3. Results
11. Wilking, H.; Stark, K. Trends in Surveillance Data of Human Lyme Borreliosis from Six Federal

3.1SEtod og ¥ asid TraesmissiaAV09—-2012. Ticks Tick-Borne Dis. 2014, 5, 219-224.

1. E2rvdENnMeRd BREE rilsmS BORUIoRsibRYE!GRe Frah¥mMEsRArR iR He e Uein WBld s BRdG Ty me
borAlhdsis CRSSIAhG B eMe MEriREIe. GRFRPRIfASINORYEBRG NeHERAJARIAR N stREE 18 BLne

mo%nﬁﬁ%éz&ogical agent of neuroborreliosis. However, it needs to be pointed out that the above information

120PliRD hAehitE PR ABIMARAKE K StRIBRRRRRANE. OV R dEWOPERIKAYErED: IE dralithy BlUdyrfgrdteied in
SlorgircRITRAB MM ite NRTTEIYr e d5i§ 3 T RS B drieal duperch 0Yidg, brsgarpignt in the

development of pediatric LNB [, o _
14. Tveitnes, D.; Nataas, O.B.; Skadberg, &.; dymar, K. Lyme Meningitis, the Major Cause of

Thé-uidNRRME AEILRIR-RBEBARENG SRSt RAPHBYRR BiassHRiufeASRNs Bl iR U atth of

the%@%%%d meal; however, it is not possible to assess the exact time of probable infection, as it varies between
1hestiferent wesinsst; Ehe. chrnses of prigdtidareroyaigslavapsatieniakial Borelhitansaisserepiten
rempinElalsIR, We, TtREASIMEN! & erkit iSispurly BeRresnZetEndor S unamGHIdBRAR e most
eXHVﬁ.ﬂﬁ'if@sk@[iW@E‘?'hy?ﬁé@bﬁ%ﬁ’&@PP’Eg@ @%Ebig@ggg g’r%gnq_rfgt_erized by low adherence to protective

measures, such as covering exposed skin and using insect repellents B, Fortunately, according to laboratory tests
LB RVl 8 ParsridG0g b o P LERMR 1 iver PPRYMEGHRR SMhkitng (' eRioen. V-
Paget, C.; Laugel, V.; Cohen, R.; Ferroni, A. Lyme Neuroborreliosis in Children: Report of Nine
3.CEpiaémiotdgyView of the Literature. Arch. Pédiatrie 2019, 26, 133-137.
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1ZmalllachelidsS ; iS emeenjdlly . WBtegkead. dndRits Sedidknc &l alsbynds. Dn Gikistheydhbé. ;RadéapdsikeD !,
Subédequecolyg, Rira\arh éorekEd TEheab aneogitaphiestiarad deaograsipkiof Risjrbintiotheotisahssabatyalso urban
gar@onfintepakksred pteasevbasaicks Ergtandranty Wahels I(2 @Lixp2(Hd0)ekenadieti@ygicaliStadyii Bbtdelia
bavaqe13iz@hOB Obe@a8064 sensu stricto(B. burgdorferi), and very rarely, Borrelia spielmanii, Borrelia bissettii,

10 i e B B P R R A S & e e Rl o S\ e R S B ey Rr PSR
burggtiréer'b%eﬁgu firg:toremains the almost exclusive cause of this disease B,

18cdeaditg, t SvigiEY Go SN jtIva abviened thBrjdean dbiSic 4 dadiy DonHdtiak oie Buavl dBernelh Ehijdren
andPauis, AmGryane BepBwie gopylaliorettad mhst Chimicah RFses@ntsioo theltiektmentibsnotautbainespbried,
are Ser elag|caltk, Godfaspeddhabeliat(ibd yagierSisieass in tie G ubhcoilcedamd oticar@ Ss¥YeaatBeridd a
higi\rReibispee tivarGlamaettcSkdyvé&opmenClirchiticnoBiol. Infect. Dis. 2020.

20. ECDC Comment: E%Jrolé)ean Comrqqission Updates Communicable Diseascja Surveijllance List—
The highest incidence of LB occurs in the main endemic areas—Scandinavia and Central Europe—and are

estiAS 10 Thore S g e o e A e G A s R S RS el srenitiety
few%P%%g'es reported 2. Unfortunately, the above information refers to all manifestations of Borrelia infections,
Jiclbding eeukohdradtiesk, Ahivh mhihke€ lingcad e ot pedenBodogieah [ifdtild of dyraenideuraloisedidsis i not
spebiéenank 0 85:4:230e s ResspacticerStthilyroh LaxXveatie fitsaviihrid o tebdrBidegderrife deSpatic rare 19
[Llkdkrathecal Antibody Production. Brain 1992, 115, 399-423.
2 S Ay P R It o taaiks G BOAIRE G W SnSIeKhtshe Rl auRy fsVioStades, g
chilgpe(ljw %%.’?ﬁjrﬁg?ee %r%%glrﬁ#]g%%gr@ujm)' aNg%lérgl—'glgggr’s,zefv?th ZtEg _p%g%at 7 years W87 According to a
28oietfien RuNariahle GBS NN diags ol &ratiyangt|katadiymiimidée unahberedinsis: Al dongep, Studlyhigher
pleddyBsitionts obsdteet o, the 84 42diaGieI@pulation 18],

24. Koedel, U Fingerle, V.; Pfister, H.-W. Lyme Neurohorreliosis—Epidemjology, Diagnosis and
At present, no figure s'howmg the rate of LB or LNB worldwide occurrence are avrgl agn?gyand no popu a%on-based

stué\{leasngfgt%@?n%del\ln%té |§r? 'c'hlrﬁggplpirggelnstét%ln’ gf4s6e_rg%8ically confirmed Lyme disease in European children

2ravid inepertzaridd .o Bdmidone vy, ieiedngeihdl mbia gedeAtioikinikhdvayddbair, iR thiK arenkea GHE EU-wide

suriddiaiveie for iHelr RatietiodiDiagesticeStibltsigid $2fbr Lyme Borreliosis in Children and Adolescents:
Recommendations by the Committee for Infectious Diseases and Vaccinations of the German

3.3 8MBRIPME Pediatrics and Adolescent Health. Eur. J. Pediatrics 2012, 171, 1619-1624.

28.3/1ilkesyrive Neonasbp (rblivsisaSyimpteinsvaGenerdldnfeematione Neuroborreliosis: Case Reports

and Literature Review. Arch. Dis. Child. 2000, 83, 67—71.
Due to the duration of the symptoms, Lyme neuroborreliosis can be divided into the early and the late stage. Each

24 Ripekhuiisensy@nddsnieBidsMndBiin o K-P.; Wolfs, T.F. Clinical Presentation of Childhood
Neuroborreliosis; Neurological Examination May Be Normal. Arch. Dis. Child. 2010, 95, 910-914.

28. Esposito, S.; Bosis, S.; Saﬂ-é‘ﬁm,%lzy%egﬂ%%wﬁrﬁiﬁjﬁﬁgﬁﬁ?iﬂﬁag%?r%]ﬁa Burgdorferi Infection and

Lyviman Dicanen in Childran Int 1 Infact Dice 920192 17 ~A1EQ AMEQ

Early LNB Late LNB
2 Neurological symptoms Neurological symptoms
existing for <6 months existing for >6 months
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2 Early LNB Late LNB _Lancet
PNS manifestations
(Bannwarth’s syndrome, other peripheral PNS manifestations
3 neurological manifestations are plexus (mononeuropathy, radiculopathy and polyneuropathy) nical
neuritis and mononeuritis multiplex
Cohort
CNS manifestations CNS manifestations
(confusion, cerebellar ataxia, opsoclonus— (cerebral vasculitis, chronic progressive Lyme encephalitis or
3 myoclonus, ocular flutter, apraxia, encephalomyelitis with tetraspastic syndrome, spastic-ataxic K.: Lee,
hemiparesis or Parkinson-like symptoms) gait disorder and disturbed micturition)
hwest of
England. Clin. Infect, Pract. 2020, 6, 100017. o
QANIE 4 dnetar tormatiorion %e dlinical course of early and late neuroborreliosis [LI2L1[22]23]24][25]
breviations: PNS—peripheral nervqus, system, CNS—central neryqys system, . .
33. Arnason, S.;AIHUTFcran z, M.; I|£SOIEI), 3\ Laes?adlﬁls, A &erlpheraf Padial NBRE alsy in Children
Lyme Late Lyme Neuroborreliosis 9
Neuroborreliosis Early Lyme Neuroborreliosis (Chronic Lyme '
Stage Neuroborreliosis)
A Persistence of weeks to months months to years Case
~ symptoms (21]22](23] (21]122][23] ~

less than 9% of cases—patients

1% of —pati ith . S i
over 91% of cases—patients wit with neuroborreliosis having late J08,

neuroborreliosis having early manifestations

(@8]

Occurrence . manifestations
I f .
&tma number of 330 patients) (a total number of 330 patients)
(22

(@8]

)erative

painful meningopolyradiculitis,
unilateral or bilateral facial paresis
(Bannwarth’s syndrome), cranial neuritis,

encephalomyelitis with spastic

Neurological symptoms atactic gait disturbance ral Bone

(98]

appearance o o . bladder dysfunction

plexus neuritis, mononeuritis multiplex L

S . Isolated meningitis is very rare
meningitis in children
3 niolo

Characteristic 9y
trait/distinguishing radicular pain rarely any pain . 20009,
feature

39. Lorch, M.; Teach, S.J. Facial Nerve Palsy: Etiology and Approach to Diagnosis and Treatment.

Pediatric Emerg. Care 2010, 26, 763—769.

3.3.2. The Clinical Image in Children with Lyme Neuroborreliosis
40. Ciorba, A. Facial Nerve Paralysis in Children. WJCC 2015, 3, 973.

S D) MRS e ESSER Rl BESTEL IR eSS BN PR

chilgren, early LNB with a_shqrt duration of s s is. usually distinguished. Small children can additionall
nalysis 3(/)g'4(§3Patlents. 3 Cghll%l. IQeuro)(.n%Tg, é?) fg)%—ylgéa J Y
present with loss of appetite, fatigue, or changes in mood @@@@; however, these symptoms occur along with

4 oRAGKINABNEs; TR rBddn REGUHTENR QY Edhemadiies ans tReChtdrrmuity syWioms should be
takNEHIO BekERIRSitARd LomhssnsiationewititérinicgicGhasaste Hatiemia R It AR unAnRFeSREF el
as (8116 taeiih® Mkich egirdlg @ fiddhtl BekBRith the assessment.

4|§. T\1eitnes, D.; @ymar, K.; I[\Iataﬁs, O. Labqra'_[c_)ry_Da}]a in Children with Lym? N_eulroborreliosisf,

a nerve y . next. to Lymphocytic  meningitis” is _the most common péuroplogical. symptom o e
elation tcf%?%lcaf(brese%ta%on yand rBura ono Sdm t m,?._]%cana. R Fn ec%. BIS.%%S, 41, 3|5y§l
neu:g%l%orreliosis in the pediatric population (Figure 1) [A20I28I[291[30[31] |t needs to be pointed out that clinical

manifestations of LNB, comparing to other CNS infections, significantly differ, as they are often characterized by
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ddhooiidsididd ; Merr, Garflahgentes \palkikar, (EspétidipefadiglKednd WWhy. eé@tekiddMay Uiffoseveymptoms,
e.gDiagadsindnEzly ey rabelsrelioss auith phegeinallithbaratarydFindingegBM GiafeioatbDis. (R04nd 2no
abribrbalities in mental status; skull, spine and meninges; cranial nerves; motor examination; sensory examination;
AN e SRR ke Ve SRR 152 IS8R TISRPSRRRRAIR K.oY SublRRe! feamen
'mpllfa%‘?,n 8“0 Rristoferitsch, W.; Lindgren, P.-E. To Test or Not to Test? Laboratory Support for the
Diagnosis of Lyme Borrelipsis: A Position Paper of ESGBOR, the ESCMID Study Group for Lyme
Borreliosis. Clin. Mo

Fatique B0%
46. Wilske, B.; Fingerle, V.; Sgaie_spachial [T VICIODIOINAICAl and 2arolngical Diagnosis of Lyme
. Cranial nerve 5 50%
Borreliosis. FEMS ImmunBL Ve, VICTODI0L, JUU 49 "1 5~

Neck pain/stifinass :

47. Dudziniska, M. .qieltaes ' ™Y\ curoboreliozy w Materiale Oddzia\lu
Neurologii Dmﬁﬁ%gmc : I :

48. Goettner, G.; Bshdltgefipe ganann, R.; Liegl, G.; Wilske, B.; Fingerle, V. Improvement
of Lyme Be#isinais:iGarod &1y 2 Newly Developed Recombinant Immunoglobulin G (1gG)
and IgM Linerdimiaia adalot gend Addition of VISE and DbpA Homologues. J. Clin. Microbiol.
2005, 43, 3602—-36Q8higo

49. Wilske, B.; Fingerle, V.; PREFzer, P.; Hofffithn, A.; LehfR¥ G.; Peter&®f¥: pfister, '™ Preac-
Mursic, V.; Soutschek, E.; Weber, K. Recombinant Immunoblot in the Serodiagnosis of Lyme

- Figure 1. The most common symptgms in children with neuroborreliosis L.
Borreliosis: Comgarlson with Indirect Immunotiuorescence and Enzyme-ﬁm ed Immunosorbent

3.3&‘:%55Xcl|\4?ﬂle¥\i/%r9’tgpslyl?ﬁrnm0|' 1993, 182, 255-270.
50. Liang, F.T.; Aberer, E.; Cinco, M.; Gern, L.; Hu, C.M.; Lobet, Y.N.; Ruscio, M.; Voet, P.E., Jr.;
A O R B I R g S S R Al S SR GO Gominant Tavasbie REgioh oF
A LB A SR GhG U B HARB SR B SLSLISE SRRRIERa B ABRes Beglaced

witqn éjg{abljgo%dg fé\ﬁD ifﬁggli}h%ée.ason for a primary care or pediatric emergency department visit, leading

to hospital admittance and indication for further diagnosis. Children are often referred to an ear—nose—throat
ShedAHE RIRASRATRIbgM -SRI Crin BHUMR! Gorlir OB e (Ridfe RIE@RRRIR AL d=VH7E B ISRIQRISpply
not@%@%o%@ﬁ@ﬁuﬁg% to doctors of other specialties.

52. Ornstein, K.; Berglund, J.; Bergstrom, S.; Norrby, R.; Barbour, A.G. Three Major Lyme Borrelia
ACBEREs petias TEGITelis Burgdorren Sensti Stric o,'%T‘RFz'yeﬁ”é’ﬁH‘g.aéee"i‘ﬁhfﬁ‘CfataH‘%ﬁYeeopﬁ"@b?fﬁ“{ﬁe”Ce
"o reBrospinal Fiuid o Patients with N&Grobofalicss i Sweden. Scand- J- Ieet. s, S6b8, "
stuc\gﬁs?i ti_r£94tg1ilateral facial nerve palsy as the most common type in children B2l nonfebrile, generalized tonic—

clonic seizures, which, according to the literature, co-exist with parenchymatous lesions or meningoencephalitis.

SRnakegRiaBsthd s WAINREMRSARgRn Al3daktn Bn DAIRKHRAMh Mdfeatdd PR Ebckrehttd@r 8B nfork chiinen

amDIRHPRQEWIPgIaihSWeshsh) Children—PCR as a Complementary Diagnostic Method for
Detection of Borrelia Burgdorferi Sensu Lato in Cerebrospinal Fluid. Eur. J. Clin. Microbiol. Infect.

3.3 Saveritylanid Muidicn of FNP
S sfaByl6r B RiREAUIZE" RE NG URH SRR IR YIS RISEARiMGHhICHE 4202 S8evebily6ficial

nerve dysfunction (The House Brackman grading system) was described most frequently as moderate (19%), and
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Sevaatte2 o), vBeleghidd58a), béffletaSasZen ZNWinmaighodes) erK iairio € geie Im déisineit o reflbet etinieal
feaUEL b@r€hemokdienvs Peslidfitheanor AdwhiNgeaiolsyrgliosis. A8\ ey Spaoct@0a 1,(16%4),32hd
verfd@dnystagmus (13%). The same study (n= 177 total cases) reported 6% patients at the 2-month follow-up

o RS AR RERBT NI R SRR T PBHallr, 8 TG samoaEI A1 e kiRt oie tear secretion
(”‘8&%%‘%8‘3’6‘,?,'6{1%?&%“8@8&?_%&%‘ a Diagnostic Marker of Neuroborreliosis in Children: A

3.3I3£t|'_olﬁ%%%{}v l%a}:st%-r%ontrol Study. J. Neuroinflamm. 2017, 14, 1-9.

57. Henningsson, A.J.; Lager, M.; Brannstrém, R.; Tjernberg, I.; Skogman, B.H. The Chemokine

o Y I e ARSI ict TRPEh RUPSH iy T I IELFO 5B ETBEIE. BT 9B Tk b 2
maitr(]e]{eg{. rsel%,’ gt}? ]r@%%angaﬁi_gtlons are published in local guidelines of endemic areas, such as in
Stockholm, where the routine procedure of children with FNP consists of ward admittance and general

S8 A TAMF ornial AR BRAT eRANTRMIRZ and aKeEs KAk adMOns 2k MAUNBWSKRe Shajority of
sinGrOERRISRRRfiNe YERBRIrRIRSIP BeMs A dTRB apghRIMIS EeHiatbie IRerh Rishidg@d4<)mptoms

and/othér symptoms characteristic of neuroinfections in a patient with peripheral paralysis or without paresis of the

S9CRIBETYE: HpNaVes. ROMAAYAP'S CRRUURIAURRBT RUBFEBEA fiF CORYE\BIsEhdBdisatng et dpppPiaieed results
haviejfq HRRRE FEB\ el epelisfi O RAUYINENdo8, 18, 439-441.

@.-ﬁ%f&-élﬁﬁéi@%i%s%d‘_ﬂ%ﬁ NéNHrﬁ‘aH%-‘P-i Huppertz, H.-I.; Dersch, R. Lyme
Neuroborreliosis. Dtsch. Arzteblatt Int. 2018, 115, 751.

As facial nerve palsy is always an alarmingﬁ(sign, the cause of its occurrence should always be carefully

61. Nationgl Institute for Health and Care Excellence % rez%} Britaim; National Guideline Centre (Great
mvestlgate . The onset, time course, eventua progression, and conco itant diseases are the most important

Britain). Lyme Disease: Diagnosis and Mana : jonal Institute for Health and Care
factors allmwin an assessment of the et%logy 0 FNPM@&@'. Tﬁe pOSStI%]:e causes ofI acquﬂed?acial nerve

pals%/xl%ec!lﬁlg(r:eeri, gglﬂgt?ﬁgqﬁé gi(f)f%?e'ntial diagnosis, are presented in Table 5 B34 |t should be remembered
6BRatGhetnmeSof Ittetnekeldépertdiser i Rhototokmhosit DOXye)winag/sh SystenzaticiiResaewitpnand thus
reqitedchd btapdestations niuddiseipbya§ edactofspanid Brevention. Skin Pharm. Physiol. 2017, 30,
76-80.

Table 5. Possible causes of acquired facial nerve palsy in children E249141] _
63. Kohns, M.; Karenfort, M.; Schaper, J.; Laws, H.-J.; Mayatepek, E.; Distelmaier, F. Transient

Etiology Infectious Inflammatory Neoplastic Traumatic vascC.

Ramsay Hunt Syndrome
Epsterin—Barr virus

€ Haemophilus influenzae Schwannomas of the VI
Tuberc_ulosis on. Quiality
SALSELE Hemangiomas
Cytomegalovirus Henoch-Schonlein Rhabdom %sarcoma Temporal bone
Symptoms Adenovirus porpora Y fracture
. Temporal bone .
Rubella Kawasaki syndrome histiocytosis latrogenic
Myco Iaz/lnl:;n IOr?eumonia Leukemia
yeop p Parotid gland tumors
€ Human M.
immunodeficiency virus .
Acute otitis media isode of

NEUTUDUITENUSIS. NEUTUPEUIAUITS ZULS, 44, 540—35993.

3.3.7. The Occurrence of Erythema Migrans in Children with Lyme Neuroborreliosis
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a7 .v@airmmeyveh GatwhiidiknPoih-Lsnyteedor religsiss Sytudrame: AoMietahdadlysis ob ke pardech@Gynieinrastly
prebehtdd Epicl émial "20@5p3dy 136M0)-4B45n 94% of cases, it was an ipsilateral type of FNP 22 |t was also

BB FRARSGITR! STYOTER AT B E g LA L B T BtV Y2 b e S PRI, 4% o
B e Sl etV ok o e 2 E Tt e S el e e G N A S R RN o ISy Gl

3.3%/] erllﬁg-ﬁlased Re\snew): Report of the Quality Standards Subcommittee of the American

dy eningiti
Academy of Neurology. Neurology 2007, 69, 91-102.

69/ MUYGEIRAIR/" SBIFSCR Y B BUEROES PR GRRER RASVE ¥ ICRERHE MRS THERRERioVAI A"
the CoMIRRPLARCHARRG '9 IS MR RO DB E0C Y Bs,
l?ﬁgigg%j g%?@c%@?n’é?@&t@’%%%%pmug{%%rl)(ljg vag?triY(/)ﬁrt]?\évé%gqurl symptoms) as most common among children 29

(21241301 |n every case of LNB, the following changes in CSF can be observed: pleocytosis, disruption of the

blood—CSF barrier, and intrathecal immunoglobulin synthesis [1. However, in the very early stages of LNB, the CSF
parameters can be normal 43, The research of Stanek G. et al. shows that pleocytosis with WBC > 7 and > 90%

mononuclear cells in CSF are features characteristic of pediatric neuroborreliosis [&l.

Lyme meningitis can overlap with the viral one, but it is possible to distinguish them, as symptoms of LNB are of
less acute onset. Further research showed that neuroborreliosis was the most common causative agent of
meningitis in children aged 5-9 years, while Haemophilus influenzae type b, pneumococci, and meningococci
caused much lower incidence [. That fact should raise awareness and support the consideration of Lyme

neuroborreliosis as a childhood disease.

3.3.9. The Comparison of the Clinical Image Caused by Borrelia garinii and Borrelia afzelii

The frequency of various clinical presentations in children with Lyme neuroborreliosis depends on the etiological

agent and is different when caused by Borrelia gariniiandBorrelia afzelii (Figure 2) B2, The original study
conducted in Slovenia reported significant insights of B. garinii clinical image being more often not suggestive of

CNS involvement but more pronounced CNS inflammation than in B. afzelii infection (I,

0.0% 17.5% 35.0% 52.5% 70.0%
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Figure 2. Presentation of the symptoms in children with Lyme neuroborreliosis caused by Borrelia garinii and

Borrelia afzelii 32,

3.4. Diagnostic Process

When assessing patients for Lyme neuroborreliosis, the following factors should be taken into consideration:

specific clinical symptoms of LNB, the likelihood of the patient’s exposure to infected ticks, the possibility of other
illnesses with similar symptoms, and lastly, the results of serological and sometimes other diagnostic tests. In many
cases, the currently used laboratory techniques have only limited possibilities to differentiate between previous and

active Borrelia infection. The history and physical examination are, therefore, of decisive importance.

3.4.1. The Laboratory Diagnostics of CSF

A lumbar puncture is performed in the majority of cases when NB in a child is suspected. The limitation of the LP
procedure is associated with the lack of parental consent, not rarely noted in the literature. Inflammatory CSF
changes include pleocytosis with the lymphocytes predominance, blood—CSF barrier dysfunction and intrathecal

immunoglobulin synthesis, with the exception in the very early stage [. Attention should be also paid to

elevated protein levels, while glucose is within the normal range €. The early stage of the disease among
immunocompromised patients or NB caused by the etiological agent of B. afzelii are considered to be the reasons

for such normal CSF results [44],

It is also worth paying attention to the research of Rozi¢, Mojca MD et al. who showed CSF findings in Slovenian

children according to different etiological agents causing LNB 2!,

3.4.2. Intrathecal Antibody Production

When the serological examination for Lyme disease is positive or when there is a strong suspicion of
neuroborreliosis in the absence of antibodies in the blood, the cerebrospinal fluid is examined, and intrathecal
(non-Borrelia-specific IgM) antibody production is assessed. The detection of intrathecal synthesis of antibodies
againstB. burgdorferi, indicated as a gold standard, confirms the diagnosis of definite LNB [22. For the
determination of intrathecal antibody production, a sample for the determination of antibodies in the blood on the
day of CSF collection is taken. The diagnostic sensitivity is estimated in approximately 80% of children presenting

with clinical manifestations of LNB for less than 6 weeks and increases with the duration of the symptoms 431,

3.4.3. Antibodies in the Serum

ELISA (screening test) and Western blot (confirmation test) are the two-stage basic diagnostic procedures used for
the detection of antibodies in the serum €. When there is a negative serum serological test result and the LNB is
still considered a potential cause of clinical manifestations, the antibody testing should be done 2—4 weeks later in

anticipation of seroconversion.

3.4.4. Relevant Borrelia Antigens
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There is a large number of B. burgdorferi diagnostically relevant antigens (Table 6), which depend on the stage of
the disease. The immunoblot technique allows to separate them, and the knowledge about their occurrence helps

to interpret correctly the serological test results.

Table 6. Immunologically relevant Borrelia antigens L4,

Early Immune ResPonse (Mainly IgM) Late Immune Res[g])nse (Mainly IgG)
Flagellar protein, OspC, VISE P83/100, p58, p43, p39, p30, p21, DbpA (Ospl7), pl4, VISE

3.4.5. B. burgdorferi Bacterial Culture Growth

Borrelia cultivation from CSF is not recommended and not widely used as a routine procedure, due to many
culturing requirements. The bacteria need to be grown in specific liquid culture media or on the Barbour—Stoenner—
Kelly (BSK) medium at 30—34 °C but its sensitivity is suboptimal, ranging from 10% to 30%, which limits its use in
clinical practice [24€l51]  Additionally, the culturing is a time-consuming (2—3 months) 22 process, and there is a

need for specialized microbiological laboratories [2.

3.4.6. Polymerase Chain Reaction (PCR)

Polymerase chain reaction (PCR) may be used for detection of the Borrelia genome in cerebrospinal fluid (CFS) to

aid in the diagnosis of recent neuroborreliosis with a short duration of neurological symptoms 221,

Due to the small number of copies of the spirochete in samples, the sensitivity of the PCR-based test is low with a
sensitivity of 5% (2], and can be even lower in the case of late LNB, as spirochetes easily migrate to various CNS

tissues [@34: therefore, a negative PCR result does not exclude Lyme neuroborreliosis. For this reason, the PCR

test alone is not definitive in the diagnosis of LN disease. Determination of antibody synthesis is always a more
sensitive alternative in late neuroborreliosis and is usually more sensitive in early neuroborreliosis as well. The
specificity of this detection technique is theoretically close to 100% 23] and therefore, the detection ofBorreliaDNA

in CSF is evidence of Lyme disease.

3.4.7. Chemokine CXCL13

Determination of CXCL13 in CSF appears to be a promising additional parameter for the diagnosis of early
neuroborreliosis in addition to antibody determination, especially in cases where the antibody response is still
negative and general parameters, such as pleocytosis and the albumin ratio, provide insufficient definitions for the
diagnosis of neuroborreliosis “4B3I58 However, there are also significantly lower values of sensitivity of CXCL13
in CSF and are pre-treated with antibiotics before CSF sampling B8, It is not yet clear whether the parameter also
has value in late neuroborreliosis. However, CXCL13 cannot be used as a predictive marker for recovery, as
research has shown its low concentration on admission among children, who later reported persistent symptom

occurrence at the 2-month follow-up B4,
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3.4.8. Magnetic Resonance Imaging (MRI)

In patients with neuroborreliosis, imaging such as CT scans and MRI of the brain or spinal cord may show focal
abnormalities. The comparable abnormalities, such as enhancement of meninges, enhancement of cranial nerves,
vasculitis, ischemic foci, or diffuse CNS parenchymal involvement, are also found in other conditions, so the
imaging techniques mentioned have no diagnostic value in establishing a diagnosis of Lyme neuroborreliosis 28],
However, clinicians must heighten their awareness of pseudotumor-like picture occurrence in MRI, including visual

obscurations and visual loss among children with Lyme meningitis 22!,

3.5. Treatment

Neuroborreliosis is a disease that can be effectively treated by antibiotics. However, the implementation of the
medications must be preceded by an LNB diagnosis, which in the pediatric population is often delayed or
overlooked due to non-specific symptom occurrence. Based on numerous publications, data collected on the
treatment of Lyme neuroborreliosis in children are still insufficient or of low quality. Moreover, studies focused on
that aspect were conducted even several decades ago, which cannot be accepted in relation to the current clinical

research standards.

Despite the existence of many different recommendations on how to treat neuroborreliosis in children, the most
important factor is an individual approach to the patient; however, each treatment regimen should be based on
clinical evidence. The clinician’s attention must be paid to the patient's age, allergies, pregnancy, tolerability or
other diseases occurrence, etc., to choose the most effective treatment option. However, a dose of antibiotics, the
frequency of its application, route of administration, and duration of treatment remain under discussion. The last of
the mentioned factors seems to be particularly important nowadays, as unreasonable extended antibiotic courses

may result in a growing problem of multidrug-resistant bacteria.

3.5.1. The Antibiotic Treatment Recommendations of Lyme Neuroborreliosis

Although there are different guidelines for treating Lyme neuroborreliosis (Table 7, Table 8, Table 9 and Table 10) ,

all recommendations are based on the use of antibiotics characterized by good penetration into the CNS. The
treatment should be initiated in all patients with neurological manifestations typical of LNB, inflammatory CSF
changes, and positiveBorreliaserology, while in cases of possible LNB, antibiotics can only be considered after a

differential diagnosis, excluding other diseases.

Table 7. Overview of antibiotic treatment according to guidelines for diagnosis and treatment in neurology—Lyme

neuroborreliosis 691,

Pediatric Dose

Antibiotic (Doselkg x Day) Duration (Days)
Early Lyme neuroborreliosis
Ceftriaxone 50 mg 14
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Pediatric Dose

Antibiotic (Doselkg x Day) Duration (Days)
Cefatoxime 100 mg 14
Penicillin-G 200-500,000 1U 14
. Age 9 and up, 4 mg
Doxycycline (maximum 200 mg) 14
Late Lyme neuroborreliosis

Ceftriaxone 50 mg 14-21
Cefatoxime 100 mg 14-21
Penicillin-G 200-500,000 1U 14-21
Doxycycline Age 9 and up, 4 mg 14-21

(maximum 200 mg)

Table 8. Overview of antibiotic treatment according to National Institute for Health and Care Excellence (NICE)

guideline for children aged 9-12 611,

Children Aged 9-12

Antibiotics Dosage D(tg:;lso)n
Lyme disease affecting the cranial nerves or peripheral nervous system
. . 5 mg/kg in 2 divided doses on day 1 followed by 2.5
Doxycycline ((Z;'() ()Ch"dre” under mg/kg daily in 1 or 2 divided doses 21
g For severe infections, up to 5 mg/kg daily
Amoxicillin (oral) (children under 30 mg/kg 3 times per day 21
33 kg)
Lyme disease affecting the central nervous system
Ceftriaxone (intravenous) (children
under 50 kg) 80 mg/kg (up to 4 g) once per day 21
. . 5 mg/kg in 2 divided doses on day 1 followed by 2.5
ESCElE (?1?2 ()Ch"dre” Rl mg/kg daily in 1 or 2 divided doses 21
9 For severe infections, up to 5 mg/kg daily
Lyme disease arthritis and acrodermatitis chronica atrophicans
Doxycycline (oral) (children under 5 mg/kg in 2 divided doses on day 1 followed by 2.5 28

45 kg)

mg/kg daily in 1 or 2 divided doses
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Children Aged 9-12

e Duration
Antibiotics Dosage (Days)
For severe infections, up to 5 mg/kg daily
Amoxicillin (oral) (children under 30 mg/kg 3 times per day 28
33 kg)
Ceftriaxone (intravenous) (children
under 50 kg) 80 mg/kg (up to 2 g) once per day 28
Lyme carditis B
Doxycycline (oral) (children under 5 mg/kg in 2 divided doses on day 1 followed by 2.5 21
45 kg) mg/kg daily in 1 or 2 divided doses
e (NICE)
i . : (61]
Ceftriaxone (intravenous) (children 80 ma/kg (up to 2 g) once per day 21

under 50 kg)

Children Under 9 Years
Antibiotics Dosage Duration (Days)

B For hemodypaipi gpdiyaiis kel e chiinidl aroralsr Gsivmnens sawe e sips@as first choice.

Amoxicillin (oral) (children under 33 kg) 30 mg/kg 3 times per day 21

Lyme disease affecting the central nervous system

Ceftriaxone (intravenous) (children under 50 kg) 80 mg/kg (up to 4 g) once per day 21

Lyme disease arthritis and acrodermatitis chronica atrophicans

Amoxicillin (oral) (children under 33 kg) 30 mg/kg 3 times per day 28

Ceftriaxone (intravenous) (children under 50 kg) 80 mg/kg (up to 2 g) once per day 28

Lyme carditis (both hemodynamically stable and unstable)

Ceftriaxone (intravenous) (children under 50 kg) 80 mg/kg (up to 2 g) once per day 21

Table 10. Overview of antibiotic treatment according to National Institute for Health and Care Excellence (NICE)
guideline for children aged 12 and over [61],

Children Aged 12 and Over
Antibiotics Dosage Duration (Days)

Lyme disease affecting the cranial nerves or peripheral nervous system

Doxycycline (oral) 100 mg twice per day or 200 mg once per day 21

Amoxicillin (oral) 1 g 3 times per day 21
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Children Aged 12 and Over
Antibiotics Dosage Duration (Days)

Lyme disease affecting the central nervous system

Ceftriaxone (intravenous) A 2 g twice per day or 4 g once per day 21

Doxycycline (oral) 200 mg twice per day or 400 mg once per day 21

Lyme disease affecting the central nervous system

Doxycycline (oral) 100 mg twice per day or 200 mg once per day 28
Amoxicillin (oral) 1 g 3 times per day 28
Ceftriaxone (intravenous) 2 g once per day 28

Lyme carditis B

Doxycycline (oral) 100 mg twice per day or 200 mg once per day 21

Ceftriaxone (intravenous) C 2 g once per day 21

A When an oral switch is being considered, use doxycycline; B Hemodynamically unstable; C Do not use

azithromycin to treat people with cardiac abnormalities associated with Lyme disease because of its effect on QT

8552 Restrictions on the Use of Doxycycline

The implementation of doxycycline remains contraindicated in children under 8 years, as it may cause teeth
staining and enamel hypoplasia due to incomplete dental enamel formation. However, some data indicate that this
undesirable effect can be prevented by avoiding sunlight. Some authors even put forward the conclusion that the
risk of side effects appearance after short-term use of doxycycline remains minimal, and the potential benefits of

using this drug outweigh this risk 2. Nevertheless, a different alternative antibiotic should be chosen in this age

group.
3.5.3. The Antibiotics Treatment Side Effects

All the antibiotics recommended for the treatment of LNB are considered effective and safe, and serious side
effects were reported very rarely. Table 11 presents the possible side effects and was created only based on very

limited data, but it may raise the awareness of doctors implementing the treatment to their patients.

Table 11. Unfavorable clinical courses under various antibiotics treatment [LZ61]

Antibiotic Side Effect

Doxocycline Teeth staining and enamel hypoplasia

(in children under 8 years) Vomiting
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Antibiotic Side Effect
Moderate allergic skin reaction
Penicillin G
Increase in liver enzymes
Ceftriaxone Asymptomatic gallbladder concrements
Azithromycin QT interval prolongation
Any Jarisch—Herxheimer reaction

3.5.4. Non-Antibiotic Treatment of Lyme Neuroborreliosis

According to different studies, steroids are listed among the medications used to treat Lyme disease [63I64I(65];
however, the current data about steroids implementation with antibiotics or itself are still limited, especially in the
pediatric group. The use of steroids requires special attention in patients with peripheral paralysis of nerve VII. As
this controversial way of treatment is still under debate among clinicians and there is a lack of randomized
controlled trials, steroids remain not recommended. The authors also emphasize the very high rate (95%) of
spontaneous remission in children, which also speaks in favor of not using glucocorticoid therapy in the pediatric

group of patients.

3.5.5. Treatment Monitoring and Clinical Outcome

The effectiveness of the treatment can be assessed by the clinical manifestations.

Pediatric patients presenting with facial nerve palsy caused by neuroborreliosis recovered faster than those with
FNF of different etiology; moreover, the recovery time was observed to be shorter among younger children (aged
0-8 years). It was also stated that after 12 weeks, the overall complete recovery was observed in more than 97%

of cases and the rate of recovery did not depend on etiology or age.

The study of 618 children with Lyme neuroborreliosis showed complete recovery in 29% of the patients by the end

of the treatment, and in 63% after 4—6 weeks 2.

In general, the clinical outcome is significantly better in children than in adults. Among the pediatric population, the
neuropsychological prognosis is favorable and long-term neuropsychologic disorders are not seen in the pediatric
population, compared to adults struggling with cognitive disorders and persistent or recurrent neurologic symptoms
(661(671[68]  Moreover, in 11/16 of these children, sequelae were the residua of facial palsy. In the other five, these

were residua of other, more severe deficits in acute disease.

| 4. Conclusions
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Lyme neuroborreliosis in children is considered an uncommon disease, but many reasons may hide the true scale

of this problem. The lack of registration of incidence among children, particularly in areas according to specific
criteria, in the past and the lack of population-based studies among children make neuroborreliosis disease an

excellent field for research.

Undeniably, the diagnosis of Lyme disease among children is challenging, requiring great knowledge and
perceptiveness from clinicians. Due to the multitude of non-specific symptoms, it is easy to misdiagnose and delay
the proper treatment. Statistically, most children with symptoms suggesting neuroborreliosis are admitted to
primary health care and the general practitioner plays a key role in the diagnosis of a patient with Lyme
disease 32, Of great importance is also increasing the awareness of all health professionals, which can result in

fast diagnosis and implementation of appropriate treatment.

It needs to be pointed out that due to global warming, the incidence of LNB will be ever increasing, posing a
serious public health problem. There are several steps to achieve better disease control. It is, therefore, extremely
important to educate the general society about preventive strategies and alarming symptoms, especially in

endemic areas 69,
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