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SOUHRN

Borrelia miyamotoi patfi mezi emergentni patogeny prenasené klistaty a fylogeneticky nalezi mezi spirochety zplsobujici tzv. na-
vratné horecky. Je primarné prenasena klistaty komplexu Ixodes ricinus podobné jako borrelie zplsobujici Lymeskou borreliézu.
Hostiteli jsou predevsim drobni hlodavci. Je Siroce rozsifena v mirném pasu severni polokoule s konstantni nizkou prevalenci v kli3-
tatech v fadu jednotek procent. Dosud byly popsény vice nez dvé stovky humannich pfipadi onemocnéni véetné péti pfipadl me-
ningoencefalitidy u imunokompromitovanych pacientd. Onemocnéni se vyznacuje nespecifickymi pfiznaky, predevsim horeckou,
unavou, zimnici, bolestmi hlavy, svald a kloubU. Lécba je antibiotickd. Diagnostika zahrnuje pfedevsim PCR a sérologické metody.
Prehledové prace pfindsi soucasné poznatky o taxonomii, ekologii vektor(i a rezervoarovych hostitell, geografickém rozsireni,
diagnostice a 1é¢bé onemocnéni zplsobené spirochetou B. miyamotoi. Prace soucasné zdUraznuje potiebu spravné etiologie one-
mocnéni a upozornuje na moznou zaménu s lymeskou borreliézou ¢i lidskou granulocytarni anaplazmézou.
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ABSTRACT
Kejikova R., Rudolf I.: Borrelia miyamotoi - another emerging tick-borne pathogen

Borrelia miyamotoi is an emerging tick-borne pathogen phylogenetically belonging to spirochaetes causing relapsing fever. It is
primarily transmitted by ticks from the Ixodes ricinus complex, similarly to borreliae causing Lyme borreliosis. Small rodents can
serve as reservoir hosts. It is widespread in mild climate areas of the northern hemisphere, with constant low prevalence in ticks, in
the range of units of percent. To date more than 200 human cases have been described including five cases of meningoencepha-
litis in immunocompromised patients. Clinical features of illness are non-specific, characterized by fever, fatigue, chills, headaches,
muscles and joint pains. It can be treated with antibiotics. The diagnostic approach includes mainly PCR and serological methods.
This review summarizes current knowledge on B. miyamotoi with an emphasis on taxonomy, ecology of vectors and reservoir hosts,
geographical distribution, diagnosis and treatment of the disease. The review also highlights the need for an accurate determina-
tion of the etiology of the disease and its differentiation from Lyme borreliosis and human granulocytic anaplasmosis.
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Nemoci prenasené klistaty predstavuji vyznamné ri-
ziko pro vefejné zdravi. Spektrum téchto onemocnéni
v nasem regionu je velmi Siroké — od virovych (klis-
tova encefalitida), pfes pocetné bakteridlni (Lymeska
borrelidza, lidska granulocytarni anaplazméza, tularé-
mie) az po nakazy protozoarni (babeziéza). Mnohdy
se jednd o tzv. emergentni ndkazy, jez byly popsany
v poslednich dekadach a z pohledu epidemiologické-
ho jde vesmés o opomijend ¢i podhlasend onemoc-
néni. Podle nékterych studii se riziko vyskytu téchto
nakaz zvysuje se zménami environmentalnimi (napf.
klimatu — zvy$end aktivita klistat, posun klistécich
vektord do severnich zemépisnych Sifek, introdukce

novych vektor(l z jiznich oblasti) ¢i socioekonomic-
kych (pobyt lidi v pfirodé, suburbanizace ¢i reforesta-
ce krajiny) [1-3].

Mezi neddvno popsané patogeny prenasené klista-
ty nélezi i Borrelia miyamotoi (déle jen B. miyamotoi),
ktera byla objevena v klistéti Ixodes persulcatus v roce
1995 v Japonsku [4], posléze detekovana v roce 2001
v USA a o rok pozdé&ji i v Evropé (Svédsko) [5, 6]. Prvni
pfipady onemocnéni B. miyamotoi u ¢lovéka byly po-
psany v ruském Jekatérinburgu pfi testovani souboru
302 pacientl s podezfenim na Lymeskou borreliézu.
U 46 z nich potvrdili infekci B. miyamotoi. Kritéria za-
hrnovala potvrzené sani klistétem, pfiznaky podobné
lymeské borreliéze (horecka, Unava a bolest svall),
detekci B. miyamotoi v krvi pomoci PCR (gen pro 16S
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rRNA) a detekci specifického anti-borrelidiniho IgM.
Pacienti infikovani B. miyamotoi vykazovali zndmky
akutniho hore¢natého onemocnéni, které mélo po-
malejsi nastup nez lymeskd borreliéza. Laboratorni
nalezy také ukazaly zmény krevniho obrazu a jater-
nich testl (leukopenie, trombocytopenie, zvysené
hodnoty ALT a AST). U 4 pacientt byla zaznamenana
erythema migrans (EM), ale koinfekce s B. burgdorferi
s. | nebyla potvrzena. Celkem 5 pacientll zaznamena-
lo relaps horecky, typicky pro onemocnéni navratnou
horeckou. Pacienti byli lé¢eni ceftriaxonem intra-
venoézné nebo doxycyklinem perordlné. U 7 pacient(
byla zaznamendna Jarisch-Herxheimerova reakce po
podani ATB [71].

Dosud byly kromé Ruska popsany piipady onemoc-
néni u ¢lovéka v USA, Kanadé, Japonsku, Cing, Nizoze-
mi ¢i Némecku véetné komplikovanych pfipadd menin-
goencefalitidy u imunokompromitovanych pacientt
[8-15]. Nové byl zaznamendn i pfipad u pacienta v Ra-
kousku [16].

Spirocheta B. miyamotoi nalezi v ramci rodu Borrelia
mezi skupinu borrelii zpUsobujicich navratnou hore¢-
ku. Zatimco vétsina medicinsky vyznamnych zastupcu
(napf. B. duttoni, B. hermsii ¢i B. hispanica) je pfenasena
vyhradné klistaky celedi Argasidae (rody Argas a Or-
nithodoros), B. miyamotoi je prendsend klistaty rodu
Ixodes [4, 17-20].

Cilem souhrnné prace bylo podat uceleny obraz
spirochety B. miyamotoi — popsat prenasece (vektory),
rezervodry, hostitele, geografické rozsiteni, ale také
klinické charakteristiky onemocnéni zplsobené timto
patogenem a moznost jeho diagnostiky a Ié¢by. Diraz
byl kladen i na vyskyt agens v Ceské republice a rizi-
ko ndkazy B. miyamotoi v€etné nastinu preventivnich
opatieni a surveillance.

FYLOGENETICKE POSTAVENI B. MIYAMOTOI

B. miyamotoi nélezi do rodu Borrelia, ¢eledi Borrelia-
ceae a kmene Spirochaetes. Rod Borrelia je podle sou-
Casné klasifikace ¢lenén na 3 skupiny - tzv.,RF borrelie’
(,relapsing fever borreliae’), LD borrelie’ ([Lyme disease
borreliae’) a také na nové objevené,REP borrelie’ (,repti-
le-associated borrreliae’), pricemz se spekuluje i o ¢tvr-
té skupiné tzv. ,echidna-associated borrelii (izolovany
z klistat Bothriocroton concolor sajicich na australskych
jezurach). Spirocheta B. miyamotoi je fazena mezi ,RF
borrelie} a soucasné tvori skupinu s ostatnimi ,RF bo-
rreliemi’, které jsou prenaseny klistaty celedi Ixodidae
- tj. B. lonestari prenasend Amblyomma americanum
a B. theileri, jejimz vektorem je Rhipicephalus microplus
[4,17,21-24].V soucasné dobé se Zivé spekuluje o pro-
blematice diverzity v rdmci rodu Borrelia. V roce 2014
byl rod validné rozdélen na dva samostatné - na rod
Borrelia, kam nalezi,RF borrelie’ a na rod Borreliella, kam
byly prefazeny LD borrelie’ [25, 26, 27]. Proti tomu se
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vsak ohradila celd rada védcl plsobicich ve vyzkumu
borrelii a spekuluje se o tom, zda toto rozdéleni je ade-
kvatnia dostatecné postihuje rozmanitost rodu Borrelia
[28-31]. V bfeznu roku 2020 bylo navrzeno toto rozdé-
leni zrusit, protozZe panuji obavy, Ze nové pojmenovani
Borreliella muze zpUsobit diagnostickou nejistotu pre-
devsim v lékarskych kruzich. Nazev Borreliella ma tak
aktualné status synonyma [32]. V rdmci vnitrodruhové
rozmanitosti rozliSujeme u B. miyamotoi tii geograficky
odlisitelné genotypy - asijsky genotyp (B. miyamotoi
sensu stricto), nej¢astéji prendseny I. persulcatus, dale
evropsky genotyp, typicky prendseny I. ricinus, a nako-
nec genotyp americky, prenaseny nejcastéji I. scapula-
ris a . pacificus. Zvazuje se i zafazeni dalSiho genotypu
pfendseného klistétem /. ovatus v Japonsku [18, 19, 33,
34, 35, 38].

PRENASECI (VEKTORY) B. MIYAMOTOI

Jedna se o zatim jediné agens skupiny navratnych
horecek, které je prenaseno klistaty rodu Ixodes (tab. 1)
[36, 37].V Evropé a Casti Asie je hlavnim vektorem Ixo-
des ricinus, v Asii jsou vektory I. persulcatus (v pasu za-
hrnujicim Baltské zemé az po Dalny vychod), /. ovatus

Tabulka 1. Prehled druh klistat, ve kterych byla B. miyamotoi
dosud detekovana
Table 1. Detections of B. miyamotoi in ixodid ticks

Rod klistéte Lrat Rok/stat Reference
klistéte

Ixodes persulcatus 1995/
Japonsko
scapularis 2001/USA [5]
pacificus 2006/USA [38]
ricinus 2002/ [6]
Svédsko
hexagonus  2017/Belgie [39]
ovatus 2014/ [33]
Japonsko
paviovskyi 2014/ [33]
Japonsko
nipponensis ~ 2019/Jizni [40]
Korea
dentatus 2012/USA [41]
inopinatus 2019/ [42]
Némecko
Dermacentor reticulatus ~ 2018/Rusko [44]
Haemaphysalis ~ concinna 2018/Cina [12]
longicornis ~ 2018/Cina [45]
punctata 2019/Francie [43]
inermis 2020/ [48]
Slovensko

Pozndmka: Jsou uvedeny vZdy prvni zdchyty v daném druhu klistéte.
Remark: Only first findings are recorded in particular tick species.
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(jihovychodni Asie), I. pavlovskyi (v pasu zahrnujici za-
padni Sibif az po Dalny vychod) a v Severni Americe
I. scapularis (sttedovychodni a stfedozdpadni ¢ast USA),
I. pacificus (zapadni pobrezi USA) a I. dentatus (vychodni
¢ast USA) [20].V poslednich letech v3ak pribyvaji i nale-
zy u dalsich zastupcu celedi Ixodidae - klistat rodu Der-
macentor a Haemaphysalis. Jednd se ovéem o ojedinélé
ndlezy a dosud neni jasné, zda jsou tyto druhy klistat
kompetentnim vektorem pro B. miyamotoi [12, 43-48].
Charakteristickou vlastnosti B. miyamotoi je schopnost
jak transovarialniho prenosu (TOP), tak i transstadialni-
ho pfenosu (TSP). TOP u B. miyamotoi poprvé popsali
Scoles et al. v roce 2001, kdy 2 z 52 infikovanych sami-
Cek preneslo B. miyamotoi na potomstvo, pfi¢emz mira
filidlni infekce (podil infikovaného potomstva) byl velmi
variabilni: 6-73 %. Podobna variabilita byla dokumen-
tovana i v dalSich pracech (Han et al. 2019 - podil infi-
kovaného potomstva byl 36-100 %) [5, 49, 50]. Schop-
nost TOP také odlisuje B. miyamotoi od B. burgdorferi
s. I, u které TOP nebyl dosud jednoznacné prokazan.
Nékteré starsi prace dokumentuji vyskyt B. burgdorferi
u larev, avsak metody, které byly pouzity (fluorescencni
mikroskopie s vyuzitim polyklonalniho séra) vykazuji
zkfizené reakce s B. miyamotoi. Druhym moznym vy-
svétlenim je fakt, Ze larvy, ve kterych byla detekovana
B. burgdorferi, byly jiz ¢aste¢né nasaté [50-54].

Druhym mechanismem napomdhajicim prenosu
a udrzovani B. miyamotoi ve vektorech a hostitelich
je TSP. Scoles et al. [5] poprvé experimentalné doku-
mentovali kompletni TSP (do dospélcl byla B. miya-
motoi pfrenesena z 61 % nymf). Lynn et al. [55] ve své
praci uvadéji, ze pouze 1 ze 4 nymf, které se vyvinuly
z nakazenych larev, zlstala infikovdna B. miyamotoi.
Ackoliv TOP ani TSP neprobihaji s maximalni ucin-
nosti, pfesto predstavuji vyznamny nastroj pro Sire-
ni B. miyamotoi, predevsim TOP je efektivni strategif
pro udrzovani stabilni prevalence i bez dostupnosti
nakazenych hostiteld, tj. klisté se stava i rezervodrem
infekce [50, 55].

HOSTITELE A REZERVOARY B. MIYAMOTOI

B. miyamotoi byla dosud nalezena v Siroké Skale
obratlovcd (tab. 2). Jednd se predevsim o drobné sav-
ce, zejména hlodavce, ale také ptaky, coz korespon-
duje s vyvojovymi cykly klistéte komplexu /. ricinus.
Zajimava je i detekce B. miyamotoi v krvi divokych
krocan(l (Meleagris gallopavo) v USA, kde byla zjisté-
na 58% prevalence, coz je vliibec nejvyssi prevalence
B. miyamotoi v jakékoliv populaci volné Zijicich ob-
ratlovcl [62].

Tabulka 2. Prehled obratlovc(, ve kterych byla B. miyamotoi dosud detekovana

Table 2. Detections of B. miyamotoi in vertebrate hosts

Apodemus argenteus krev
Peromyscus leucopus krev
Peromyscus leucopus krev, biopsie kize
Apodemus argenteus krev, mocovy méchyr
Apodemus speciosus

Mpyodes rufocanus

Myodes rutilus

Apodemus sylvaticus slezina
Microtus arvalis

Myodes glareolus

Carduelis chloris

Parus major

Myodes glareolus slezina
Apodemus flavicollis biopsie klze
Myodes glareolus

Meleagris gallopavo krev, biopsie klize a svall
Neotoma fuscipes krev, biopsie kiize
Peromyscus boylii

Peromyscus californicus

Sciurus vulgaris slezina
Apodemus flavicollis jatra
Myodes glareolus

Microtus arvalis biopsie kiize

1995/Japonsko
2005/USA [56]
2009/USA [57]
2013/Japonsko [58]
2017/Nizozemi [59]
2014/Francie [60]
2017/Slovensko [61]
2010/USA [62]
2018/USA [63]
2019/Madarsko [64]
2019/Rumunsko [65]
2020/Slovensko [48]
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V pfipadé nékterych drobnych hlodavcu byla studo-
vana jejich kompetence pro pfenos B. miyamotoi, tzn.
schopnost byt patogenem nakazen, ale soucasné jej
prenést na sajici klistata. Tato vlastnost byla prokaza-
na pomoci xenodiagnostiky u mysice lesni (Apodemus
flavicollis) a nornika rudého (Myodes glareolus) v Evro-
pé a krecika bélonohého (Peromyscus leucopus) v USA.
Je pravdépodobné, Ze kompetentni rezervoary bude
predstavovat vice druh(l drobnych savcl (viz tab. 2),
predevsim paki jiné druhy rodu Apodemus a Myodes [4,
57-61, 66].

B. miyamotoi byla také detekovana v klistatech, jez
séla na rGznych druzich obratlovcl (savch a ptaka),
muze se jednat o hostitele ¢i potencidlni rezervodary. Ze
savcu lze uvést prase divoké (Sus scrofa), srnce obecné-
ho (Capreolus capreolus) [67], jelena lesniho (Cervus ela-
phus) [70], jelena béloocasého (Odocoileus virginianus)
[68, 69], jezka zapadniho (Erinaceus europaeus) [39] i
domaci psy [54]. U klistat snatych z ptakd potom kosa
¢erného (Turdus merula) [67], dale kardinala ¢erveného
(Cardinalis cardinalis), drozda rezavoocasého (Catharus
guttatus) a drozda stéhovavého (Turdus migratorius)
[41]. Kromé pfimych prikazi byla B. miyamotoi de-
tekovana také sérologicky v jelenovi milu (Elaphurus
davidianus) v Ciné [45]. Ackoliv je spektrum hostitel{i
a rezervoarQ B. miyamotoi podobné jako u B. burgdor-
feri s. 1., ukazuje se, Ze tyto spirochety vyuZivaji rozdil-
nych strategii pfi cirkulaci v obratlovéim hostiteli. Mezi
nejdllezitéjsi rozdily patfi skute¢nost, ze B. miyamotoi
se vyskytuje ve vyssi denzité v krvi obratlovce ve srov-
nani s B. burgdorferi s. 1., jejiz vyskyt je hojnéjsi v kizi. B.
miyamotoi vyskytovala v krvi az v 5krat vy3sich poctech
nez v k{zZi, zatimco B. burgdorferi s. |. byla 40krat hoj-
né&jsi v k(zi nez v krvi hlodavcu. B. burgdorferi s. |. je tak
schopna ve svych hostitelich dlouhodobé perzistovat,
kdezto vyskyt B. miyamotoi v hostiteli je omezen jen na
dobu akutni bakterémie [36, 57, 58].

GEOGRAFICKE ROZSIRENi B. MIYAMOTOI
A JEJi VYSKYT V KLISTETI V POROVNANI
S B. BURGDORFERI

Spirocheta byla dosud dokumentovdna v mnoha
oblastech Asie, Evropy i Severni Ameriky a a jeji vyskyt
je striktné vazan na oblasti vyskytu vektord — tzn. na
oblast mirného pasma severni polokoule (vyskyt v mir-
ném pasmu jizni polokoule dosud zaznamendan nebyl)
[36, 371.

Prevalence B. miyamotoi v klistatech v jednotlivych
zemich shrnuji tabulky 3 a 4. Pro prevalenci B. miya-
motoi je typické, ze je stabilné nizkd v fddu jednotek
procent. Dosud nejvyssi prevalenci dokumentovali Rar
et al. v roce 2019 (8,9 % v klistéti I. persulcatus a 6,4 %
v klistéti I. pavlovskyi). Prevalence B. burgorferi s. |. je
oproti B. miyamotoi mnohdy az desetindsobnd, coz je
prekvapivé, uvazime-li, Ze tyto dvé spirochety sdili vek-

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2

SOUHRNNE SDELENI

tory a mnohé hostitele a navic B. miyamotoi ma vyho-
du TOP [36, 57, 84]. Tato nizsi prevalence B. miyamotoi
oproti B. burgdorferi s. |. bude mit patrné nékolik pficin.
Jak jiz bylo zminéno, B. miyamotoi ve svych hostitelich
dlouhodobé neperzistuje a schopnost nakazit klisté je
tedy omezena jen na fazi akutni bakterémie. Spekuluje
se také o mozném negativnim vlivu spirochéty na Zi-
votaschopnost klistat. To vie jen podtrhuje dulezitost
TOP pro cirkulaci B. miyamotoi [37, 57, 58, 61]. Skute¢-
nosti, ze B. miyamotoi a B. burgdorferi nevyuzivaji stej-
né strategie ¢i mechanismy preziti mize napovédét
i mira koinfekce v klistatech. Nékteré prace dokumen-
tuji nizsi pocet koinfekci pfi nahodné distribuci, jiné
zase uvadéji statisticky vyznamny pocet koinfekci, z0-
stava tedy otdzkou, zda jsou koinfekce nahodné ¢i ne
[20, 59, 81, 121].

Tabulka 3. Prevalence B. miyamotoi v klistatech v Severni
Americe a Asii

Table 3. Prevalence of B. miyamotoi in ixodid ticks from North
America and Asia

Prevalence Vektor Reference
(%)

1,05-3,0 (n) I. scapularis [5,57,71,72]
Ozi_f’;)“ I. scapularis [73-76]
3,0-5,7 (a) I. scapularis [77,78]
1,4 (n) I. pacificus [79, 80]
1,0 (n+a) I. pacificus [75]
0,7-0,87 (a) I. pacificus [38,71,79]
0,7 (n+1) I. dentatus [41]
Kanada 0,5 (t) I. scapularis [81]
045 (a+n) I. scapularis [82]
Japonsko 1,6-2,0 (a) I. persulcatus [33, 35, 58]
0,1-0,5 (a) I. ovatus [33, 35]
4,3 (a) I. pavlovskyi [33]
Rusko 0,9-8,9 (t) I. persulcatus [83-85, 44]
2,9 (a) I. persulcatus [86]
6,4 (t) I. pavlovskyi [83, 84]
3,1(@+n) I. ricinus [44]
0s@  Uotiens 4
Cina 3,0 (a) I. persulcatus [12]
Mongolsko 4,5 (a) I. persulcatus [35]
Turecko 04 (a) I ricinus [87]
Jizni Korea 4,0 (a) I. nipponensis [40]

Vysvetlivky: | = larva, n = nymfa, a = dospélec, t = celkovd prevalence
Explanations: | = larva, n = nymph, a = adult, t = overall prevalence
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Tabulka 4. Prevalence B. miyamotoi v klistatech I. ricinus
v jednotlivych statech Evropy, mimo Ceskou republiku

Table 4. Prevalence of B. miyamotoi in Ixodes ricinus ticks from
Europe, the Czech Republic excluded

Nizozemi 3,1-3,84 (t) [88, 89]
2,1-3,4 (n) [59, 90]
0,35 (Dermacentor reticulatus)  [46]
Francie 3,0 (1) [60]
0,9-2,5 (n) [90-92]
Némecko 2,8 (n) [93]
1,8-3,5(@+n) [94-96]
0,1 () [93]
2,3-2,7 (1) [97]
Slovensko  0,5-0,75 (t) [97, 98]
1,0-1,7 (@+n) [61,99]
Svycarsko 0,17 (I +n) [66]
Svédsko 0,6 (a) (6]
0,3 (t) [100]
Velka 0,3-0,73 (a+n) [101,102]
Britanie
Irsko 1,0 (n) [103]
Polsko 0,94-2,0 (a+n) [104, 105]
6,2 (n) [67]
Rakousko 0,86 (t) [106]
2,0(n),3,3(l) [54]
Belgie 0,6-3,8 (n) [107]
1,14 (t) [89]
Madarsko 2,94 (t) [108]
Spanélsko 1,0 (@+n) [109]
0,1 (np-MIR), 0,14 (ap-MIR) [70]
0,85 (t) [110]
Dansko 0,2-1,3 (n) [90]
1,1 (I+n) [111]
Norsko 0,62 (t), 0,9 (n) [112,113]
Estonsko 2,7 (I. persulcatus, a + n) [114]
0,4 (I. ricinus,a + n
Srbsko 14@+n) [115]
Ukrajina 1,1(@+n) [116]
Italie 0,74 (n) [117]
Rumunsko 0,33 (t) [118]
Finsko 0,7 (n), 1,1 (a) [119]
Lotyssko 1,0 (a) [120]

Vysvetlivky: | = larva, n = nymfa, a = dospélec, t = celkovd prevalence,
Ip = larva pool, np = nymfa pool, ap = pool dospélct, MIR = minimdini
prevalence

Explanations: | = larva, n = nymph, a = adult, t = overall prevalence,

Ip = larva pool, np = nymph pool, ap = adult pool, MIR = minimal
prevalence

VYSKYT B. MIYAMOTOI V CESKE REPUBLICE

Prvni zminka o B. miyamotoi v CR pochézi z roku
2007, kdy tym dr. Hulinské detekoval B. miyamotoi ve
2 nymfach.Tato klistata vsak byla sejmuta ze zeny, kterd
se pravé vratila z Magnitogorsku z Ruska, neda se tedy
hovofit o detekci B. miyamotoi na ¢eském tzemi [122].

Skute¢né detekce B. miyamotoi v klistatech z CR zna-
zornuje tabulka 5, pficemz poprvé byla B. miyamotoi
zaznamenana v klistatech I ricinus ve Vranové nad
Dyji. Dal3i nalezy pochazeji pfedeviim z jiznich Cech.
Mira prevalence pak koresponduje s ndlezy v jinych
evropskych zemich a nijak se tomuto trendu nevymy-
kd. Je pravdépodobné, ze B. miyamotoi se vyskytuje
v klitatech na vice mistech CR, nicméné vice studii
zabyvajicich se prevalenci B. miyamotoi v CR zatim ne-
bylo publikovéno [54, 95, 123, 124]. Na zakladé udaja
EPIDAT publikovanych Statnim zdravotnim Ustavem
nebyl v Ceské republice dosud popsén jediny pfipad
lidské infekce zplsobené B. miyamotoi. Pilotni studie
zaméfena na detekci B. miyamotoi u volné Zijicich hlo-
davcl tyto spirochéty neprokazala (Rudolf et al., Ustni
sdéleni).

Tabulka 5. Detekce B. miyamotoi v klistatech I. ricinus na Uze-
mi Ceské republiky
Table 5. Detection of B. miyamotoi in Ixodes ricinus ticks from
the Czech Republic

Oblast (rok sbéru) Prevalence (%)

Vranov (2008-2009) 0,6 (I); 1,1 (Ip-MIR) [54]

Zavadilka, Blatna, Dacice

— Jizni Cechy 2,0 (a+n) [95]
(2008-2012)

Ceské Budgjovice, Zliv

P 1,11 (a+n) [123]
Zavadilka, Blatna, Dacice 21 () [124]

— Jizni Cechy (2010)
Vysvétlivky: n = nymfy; a = dospélec; | = larva; Ip = larva pool;

MIR = minimdilni prevalence

Explanations: n = nymph; a = adult; | = larva; Ip = larva pool; MIR = mi-
nimal prevalence

LIDSKE ONEMOCNENIi ZPUSOBENE
B. MIYAMOTOI

Ackoliv je B. miyamotoi fazena mezi ,RF borrelie’
a hovofi se o ni jako o agens ndvratné horecky, byva
onemocnéni odliSovano jako samostatna nozologicka
jednotka, nebot se od klasické’ ndvratné horecky v né-
kterych ohledech lisi. V literature se tak mizeme setkat
s nékolika terminy jako ,BMD’ (B. miyamotoi disease),
,HTBRF’ (hard tick-borne relapsing fever) ¢i,relapsing fe-
ver-like’ (onemocnéni podobné navratné horecce) [94,
125, 126]. Popsané pfipady onemocnéni B. miyamotoi
u ¢lovéka veetné diagnostiky dokumentuje tabulka 6.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2



SOUHRNNE SDELENI

Tabulka 6. Souhrn piipadd onemocnéni zplsobenych B. miyamotoi véetné provedené diagnostiky a lIécby
Table 6. Human clinical cases caused by B. miyamotoi including diagnostic approach and treatment

PN
“ 46 qPCR ceftriaxon, doxycyklin [7]
2 PCR, ELISA doxycyklin [127]
97 PCR, rGIpQ ELISA doxycyklini:\?;gzi;::‘i:ri\r; ceftriaxon, [129]
8 Multiplex RT-PCR - [74]
18 PCR doxycyklin, a'rr.u?xicilin, ce’furoxim, [128]

amoxicilin-klavunat

3 PCR doxycyklin [125]
1 (dité 5 let) PCR, rGIpQ ELISA, Western blot azitromycin [126]
2 PCR, sekvenovani doxycyklin [130]
1 PCR, ELISA, Western blot zadnd [131]
7 PCR doxycyklin [132]
W 1 PCR, erl\therxmi ELISA, #4dna [133]
Japonsko 2 gPCR, rGlpQ Western blot minocyklin, ceftriaxon [11]
1 (importovana) rGlpQ imunoblot doxycyklin [134]
Cina 14 PCR, sekvenovani doxycyklin [12]
m 43 gPCR, sekvenovani - [135]
1 PCR, sekvenovani doxycyklin [16]

Pozndmbka: -’ Gdaje o lécbé nejsou zndmy, rGlpQ — rekombinantni protein GlpQ, r'Vmps — rekombinantni Vmp proteiny
Remark:,-'-data on treatment are not available, rGIpQ - recombinant protein GlpQ, r'Vmps — recombinant Vmp proteins

Obvykle se jednd o hore¢naté onemocnéni s nespe-
cifickymi pfiznaky, pticemz mezi ty nejcastéjsi patii ho-
recka, zimnice, vyCerpanost, bolesti hlavy, sval( a klou-
b, onemocnéni je vyjimecné provazené vyrazkou.
Horec¢naté stavy mohou doprovazet v tzv. relapsy, jed-
nd se o vlastnost typickou pro,RF borrelie’ - diky zmé-
nam ve Vmps (Variable major proteins’) mize dochazet
k navratlim horecky, kterd je vysledkem imunitni reak-
ce na novy sérotyp. Nejcastéji dokumentovanymi la-
boratornimi nélezy jsou leukopenie, trombocytopenie

a zvysené hladiny jaternich enzym0 (AST a ALT). U né-
kterych pacientl byla dokumentovana pfitomnost EM,
je v8ak povazovana za netypicky pfiznak pro onemoc-
néni B. miyamotoi a byva pfipisovana spise koinfekcim
s B. burgdorferis.|.[7,11,12,36, 125,128, 129, 134].
Onemocnéni B. miyamotoi je tedy svymi pfiznaky
podobné dalsim klistaty prenasenym bakteridlnim
infekcim (tab. 7). Byl dokumentovan vyssi vyskyt one-
mocnéni B. miyamotoi u pacientl vykazujicich pfizna-
ky lidské granulocytarni anaplazmézy (HGA) [10, 130].

Tabulka 7. Srovnani klinickych ptiznakd lymeské borrelidézy, navratné horecky, lidské granulocytarni anaplazmézy a onemocnéni
zpUsobené B. miyamotoi [37, 136]

Table 7. Comparison of clinical symptoms between Lyme borreliosis, human granulocytic anaplasmosis and disease caused by
B. miyamotoi [37, 136]

Klinické priznaky a laboratorni nlez

Lymeska borreliéza B. burgdorferis.|.  Ixodes spp. erythema migrans, nespecifické hore¢naté onemocnéni,
diseminovana infekce: artritida, meningoradikulitida,
myokarditida, acrodermatitis chronica atrophicans,
lymfocytom

Navratna horecka Ornithodoros spp. navratné nespecifické hore¢naté onemocnéni, zmatenost,
svétloplachost, bolest oci, vyrazka, bolest zad, Zloutenka,

trombocytopenie, anémie, hepatosplenomegalie

Borrelia spp.

Lidska granulocytarni Anaplasma Ixodes spp.
anaplazmoéza phagocytophilum
Onemocnénizplisobené W:Nul)elulelie)] Ixodes spp.
B. miyamotoi

nespecifické horecnaté onemocnéni, leukopenie,
trombocytopenie, zvysené AST/ALT, lymfadenitida

ndvratné nespecifické hore¢naté onemocnéni, leukopenie,
trombocytopenie, zvysené AST/ALT
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Rada séroprevalen¢nich studii potom potvrzuje pfi-
tomnost specifickych protilatek u lidi pravé z endemic-
kych oblasti vyskytu Lymeské borreliézy ¢i HGA (tab. 8).

Tabulka 8.Vybrané seroprevalencni studie detekujici B. miya-
motoi u rliznych skupin pacienttd

Table 8. Seroprevalence studies concerned on selected
groups of patients with antibodies to B. miyamotoi

Séropreva- | Poznamka Reference
lence (%)
USA 1,0 [8]

skupina vzork
z endemické

32 oblasti vyskytu LB
21,0 skupina pacientd
s podezienim LB
USA 3,9 zdravi Ucastnici [137]
studie
9,7 pacientis LB
3,6 pacienti
s hore¢natymi
stavy
USA 25,7 skupina vzork [138]
z endemické
oblasti vyskytu LB
USA 2,6 pacienti, jez [139]
dokumentovali
nedavné prisati
klistéte
Kanada 9,6 skupina pacientd [9]
s podezienim LB
Nizozemi 2,0 darci krve [10]
10,0 rizikova skupina

(drevorubci)

14,6 pacienti
podezreli HGA

skupina pacientd [140]
s podezienim LB
Pozndmbka: LB = Lymeskd borreliéza, HGA = lidskd granulocytdrni

anaplazméza
Remark: LB = Lyme borreliosis, HGA = human granulocytic anaplasmosis

Japonsko 2,6

V souvislosti s onemocnénim B. miyamotoi bylo do-
sud popsano celkem 5 pfipadd meningoencefalitidy
(tab. 9). Predpoklada se, ze k propuknuti meningoen-
cefalitidy dochazi u imunokompromitovanych pacien-
th. Nové je vsak dokumentovana meningoencefalitida
i u imunokompetentni pacientky [13, 14, 15, 141]. P¥i
vysetfovani mozkomisniho moku u téchto pripad
byla dokumentovédna predevsim pleocytéza (leuko-
cyty, monocyty), zvysend hladina proteind, albuminu
a laktdzy. Tyto laboratorni ndlezy poukazovaly na cha-
rakter aseptické meningitidy [13, 14, 15, 141].

Ackoliv nebyl dosud popsén Zadny pfipad ndka-
zy krevni transfuzi, néktefi autofi poukazali na riziko

mozného prenosu onemocnéni krevni transfuzi di
krevnimi derivaty. Bylo dokumentovano Uspésné pre-
zivani B. miyamotoi v uskladnéné mysi krvi a touto krvi
dokonce doslo k ndkaze imunokompromitované i imu-
nokompetentni mysi. Experimentéalné byla prokazana
schopnost B. miyamotoi piezivat i v uskladnéné lidské
krvi [142, 143].

Objevuiji se také spekulace o souvislosti onemocnéni
zplsobeném B. miyamotoi s tzv. perzistentnim poly-
morfickym syndromem po sani klistéte. Jedna se o sou-
bor ptiznaku, které u pacientl pretrvavaji po dlouhé
roky — napf. celkova télesna slabost, zavraté, bolesti
kloubll, poruchy spanku ¢i neurokognitivni poruchy.
Franck et al. poprvé dali do souvislosti tyto pfiznaky
s B. miyamotoi, kdy ji detekovali u pacientd, u nichz per-
zistentni polymorficky syndrom pietrvaval celé roky
asoucasné byli negativnina Lymeskou borreliézu [135].

LECBA ONEMOCNENI ZPUSOBENE
B. MIYAMOTOI

Lécba onemocnéni zplisobené B. miyamotoi byva vo-
lena empiricky na zékladé zkusenosti s Ié¢bou Lymeské
borreliézy a pouziva se tedy podobny [é¢ebny rezim.
Lékem volby jsou tetracykliny (doxycyklin), ndsledova-
né penicilinovou fadou (amoxicilinem, peniciliem G),
popt. cefalosporiny (ceftriaxonem), které byly nasazo-
vany predevsim u pfipadl meningoencefalitidy. Citli-
vost B. miyamotoi na antibiotika byla dosud studovana
pouze in vitro. Koetsveld et al. (2017) prokazali vyssi
citlivost vh¢i doxycyklinu a azithromycinu, podobnou
citlivost k ceftriaxonu a relativni rezistenci k amoxicili-
nu u B. miyamotoi v porovnani s B. burgdorferi s. | [144,
145]. Tabulky 6 a 9 dokumentuji antibiotickou lé¢bu
u jednotlivych ptipadd onemocnéni B. miyamotoi. Pti
|é¢bé onemocnéni B. miyamotoi je nutné brat v potaz
mozné riziko Jarisch-Herxheimerovy reakce, kterd byla
pozorovana napf. u pacientl v Rusku ¢i v USA [7, 13].

DIAGNOSTIKA ONEMOCNENIi ZPUSOBENE
B. MIYAMOTOI A METODY DETEKCE
V KLISTATECH

Mikroskopie

Borrelie 1ze v klinickych vzorcich detekovat mikro-
skopickymi metodami, nejcastéji z krve ¢i z mozko-
misniho moku (v pfipadé neuroinfekce). Mezi bézna
doporuceni Ize zafadit mikroskopii tenkych Ci tlustych
krevnich roztérl barvené podle Giemsy ¢i dle Wri-
ghta. Telford et al. ve své studii poukazuji na nedo-
state¢nou citlivost pro detekci B. miyamotoi, ackoliv
se tato metoda s Uspéchem vyuziva pro detekci kla-
sickych ,RF borrelii’, kde viak dosahuje vyssi citlivos-
ti nez u B. miyamotoi (patrné z dlivodu rozdilné miry
bakterémie) [36, 142, 146]. Mezi dal$i metody patii
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Tabulka 9. Klinické pfipady meningoencefalitidy zplsobené B. miyamotoi
Table 9. Clinical cases of meningoencephalitis caused by B. miymotoi

80/F non Hodgkintv lymfom
(folikularni I1A)

Nizozemi 70/M non Hodkingtv lymfom (difuzni
velkobunécny B-lymfom)

Némecko 74/F non Hodgkintdv lymfom
(folikularni, stadium 4)

Svédsko 66/F revmatoidni artritida (Ié¢eno
metotrexdtem a rituximabem)

Svédsko 53/F v minulosti cholecystektomie,

bypass Zaludku, jinak
imunokompetentni
Vysvétlivky: F = Zena, M = muz
Explanations: F = female, M = male

mikroskopie v temném poli (,dark-field microscopy’)
nebo vizualizace pomoci fluorescen¢né znacenych
protilatek (z dlvodu zkfizenych reakci ¢asto poskytu-
je pouze orientacni vysledek). Obecné vsak plati, ze
dané mikroskopické metody dovoluji pouze zobrazit
spirochety ve vySetiovaném vzorku a zhodnotit jejich
morfologii. Ur¢eni druhu spirochety se pak opira o kli-
nickou manifestaci onemocnéni ¢i vysledky PCR nebo
sérologie [13, 36, 50, 142].

Kultivace B. miyamotoi in vitro

Kultivace spirochet patfi mezi dllezité ndstroje
pro studium bakterii, ma vSak omezeny vyznam pro
jejich diagnostiku. Kultivace borrelii je ¢asové néroc-
nd, nebot spirochety vyzaduji specifickd média a kul-
tivacni podminky (mikroaerofilni rdst). Pro Uspésnou
kultivaci borrelii se rutinné pouzivd BSK médium
(Barbour-Stoener-Kelly), stejné jako jeho varianty -
BSK-Il, BSK-H, ¢i MKP (modified Kelly-Pettenkofer)
[147, 148]. B. miyamotoi byla poprvé kultivovana pfi
své primoizolaci v roce 1995 pravé na médiu BSK-Il na
zdkladé zkusenosti s kultivaci jinych LD’ ¢i ,RF borre-
lii* [4]. Dal$im casto uzivanym médiem je pravé MKP.
Jednd se o médium slozité na pfipravu, mnohé jeho
slozky mohou byt obménovény. Mezi jeho slozky patfi
zelatina, teleci fetalni sérum, CMRL, krali¢i sérum, BSA
(hovézi sérovy albumin), HEPES, glukéza, neopep-
ton, hydrogenuhli¢itan sodny, citrat sodny, pyruvat
sodny a N-acetyl glukosamin [149, 150]. Optimalizaci
podminek pro kultivaci B. miyamotoi se ve své praci
zabyvali Margos et al. Nejoptimalné&ji B. miyamotoi
rostla na MKP s 30-50 % lidského séra, pfi 33 °C, 6 %
CO, po dobu 7-9 dni. Prokazali také, ze uziti lidského
séra namisto krali¢iho, vykazuje vy3si stimulaci rlistu
v pfipadé B. miyamotoi [148]. Kultivace B. miyamotoi
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bradypsychismus, zmatenost, ceftriaxon [13]
porucha chiize, zhorseni sluchu, penicilin G

ztrata chuti k jidlu a pokles

hmotnosti

snizené kognitivni funkce, ceftriaxon [14]
vypadky paméti, porucha chiize

zavraté, zvraceni, bolesti hlavy, ceftriaxon [15]

ztuhlost sije

Unava, vypadky paméti, doxycyklin [141]
zhorsena koncentrace, sluchové
potize

bolesti hlavy, ztuhlost Sije, doxycyklin [141]

horecka

zOstava vyhradné nastrojem pro vyzkum. Koetsveld
et al. prokazali, Ze B. miyamotoi |ze kultivovat i z hu-
manniho klinického materialu (krve), ale diagnosticka
hodnota neni pfili$ vysokd, z ddvodu omezené doby
bakterémie a z ddivodu jejiho vymizeni mezi hore¢na-
tymi epizodami [151].

PCR a sekvenovani

Mezi dalsi hojné uzivané pfimé metody detekce
B. miyamotoi patfi i PCR, ktera byva hojné vyuzivana
pro detekci v klistatech, avsak v mensi mife se uplat-
nuje i v diagnostice humannich onemocnéni B. miya-
motoi. Nej¢astéji uzivanymi cili PCR jsou kupfikladu
geny pro ribozomalni podjednotky, jejich jednotli-
vé Useky ¢i mezerniky (16S rRNA, 165-23S rRNA IGS,
5S-23SrRNAIGS), flaB (gen pro flagellin), recG (gen pro
DNA helikazu), purB (gen pro adenylosukcinat lyazu)
a nakonec glpQ (gen pro glycerolfosfodiester fosfo-
diesterazu), jez ma pfi detekci B. miyamotoi vysadni
postaveni. Jedna se totiz o gen, ktery se v ramci rodu
Borrelia nachazi pouze u ,RF borrelii’. Gen pro GlpQ
tudiz predstavuje specificky cil pfredevsim u detekce
B. miyamotoi v klistatech, nebot se jedna o jedinou
dosud popsanou ,RF borrelii’ nalezenou v klistatech
rodu Ixodes. Nevyhodou viak muze byt nizsi senzitivi-
ta. Pro detekci B. miyamotoi lze pouzit i dalsi varianty
PCR (multiplex PCR, real-time PCR, nested-PCR) ¢i sek-
venovaninové generace (NGS) [7, 11, 35,36,41,57,71,
74,80, 81,97, 152]. Pro klinickou diagnostiku ma vsak
PCR omezené vyuziti, B. miyamotoi lze totiz deteko-
vat pouze v raném stadiu onemocnéni, tj. pfi akutni
bakterémii v krvi (v prvnich 4-6 dnech) a nasledné pfi
relapsech onemocnéni [7, 37, 125, 153]. Po samotné
amplifikaci ¢asto ndasleduje sekvenovéni za ucelem
porovnani sekvence a urceni identity daného Useku,
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at uz za Uucelem diagnostiky onemocnéni ¢i fylogene-
tickych studii. V sou¢asné dobé je kompletné sekve-
novan chromozom B. miyamotoi (americky typ — kmen
LB-2001) pfistupny v GenBank/EMBL/DDBJ pod koé-
dem CP006647. Dale byly sekvenovany kmeny CT13-
-2396 (americky typ, CP017126), CA17-2241 (americ-
ky typ, CP021872) a kompletni genomy 6 klinickych
izolatd B. miyamotoi, pficemz vsechny vykazovaly
pfislusnost k asijskému typu (CP024390, CP024205,
CP024371, CP024351, CP024333, CP024316) [91, 154
az 157]. Z evropskych kmenu jsou k dispozici izolaty
NL-IR-1 (CP044783) a NL-IR-2 (CP044625) z Nizozemi
¢i kompletni sekvence genomu CZ-F1E (CP046389)
a CZ-F190E (CP046388) z Ceské republiky, které Jane-
Cek et al. (2020) ziskali z vajicek klistéte Ixodes ricinus
[158, 159].

Sérologické metody

Sérologické metody jsou hojné vyuzivany pro dia-
gnostiku onemocnéni B. miyamotoi. Vyznamnym séro-
logickym markerem pro B. miyamotoi je jiz zmifiovany
glycerolfosfodiester fosfodiesterdza (GlpQ, resp. jeho
rekombinantni varianta). V soucasnosti se pak dopo-
rucuje i kombinace GlpQ s Vmps (Variable major pro-
teins), tedy soubor proteind typicky pro ,RF borrelie’
Sérologie zaloZzena na kombinaci rGlpQ a nékolika dru-
hd rVmps vykazuje vyssi citlivost nez pouziti samotné
rGlpQ. Viechny tyto antigenni markery umoznuiji selek-
tivni detekci B. miyamotoi a odliseni od infekce B. burg-
dorferi s. |. zvlasté v oblastech, kde neni bézny vyskyt
ostatnich,RF borrelii’ [141, 152, 160-163].

V sérologické diagnostice B. burgdorferi s. |. se rutin-
né pouziva tzv. dvoustupnovy test (v prvnim kroku se
provadi ELISA s vyuZitim celobunééného a filtrovaného
sonikatu, obsahujicim nékolik druhd antigen( B. burg-
dorferi (predevsim rlizné typy Osp proteinl), v piipadé
pozitivity nasleduje Western blot (WB) pro potvrzeni
daného antigenu. Je-li vzorek pozitivni na B. miyamo-
toi podroben tomuto dvoustupriovému testu, casto
vykazuje pozitivitu v ELISA s ndsledné negativnim WB.
Dlvodem je zkfizend reaktivita nékterych antigend —
napiiklad C6-peptidu, pro ktery byla prokazana vysoka
mira homologie s nékterymi Vmp proteiny u B. miya-
motoi pomoci in silico analyz. Pozitivita ELISA testu spo-
lu s negativnim WB s pfihlédnutim ke klinickym pfizna-
kam tedy maze byt dulezitym voditkem pro zvazovani
onemocnéni B. miyamotoi [36, 125, 131, 164-167].

ZAVER

Spirocheta B. miyamotoi je u ¢lovéka plvodcem ho-
re¢natého onemocnéni a z pohledu vefejného zdravi
pfedstavuje hrozbu zejména pro imunosuprimované
pacienty, u nichz m{ze vyvolat meningoencefaliti-
du [7, 13, 14, 15]. Bohuzel povédomi o B. miyamotoi
a 0 onemocnéni, jez zpusobuje je u laické vefejnosti

i medicinské komunity velmi nizké. Souc¢asné nejsou
k dispozici zadné Siroce rozsitené moznosti rutinniho
klinického testovani [20] zejména jednotné diagnostic-
ké testy specifické pro B. miyamotoi navrzené vyhrad-
né pro specifické markery, které umozni B. miyamotoi
odlisit od agens Lymeské borreliézy (GlpQ, Vmps). Spi-
rocheta B. miyamotoi vykazuje zkfizené reakce v ramci
sérologickych reakci provadénych na detekci protilatek
proti B. burgdorferi s. |., predevsim pak v prvnim stupni
(ELISA). Z pohledu souc¢asné diagnostiky tedy mlze do-
chazet k zaméné za Lymeskou borreliézu a vzhledem
k podobnosti klinickych pfiznak( i za lidskou granulo-
cytarni anaplazmoézu [7, 36, 125, 130]. Dalsi diagnos-
tickou komplikaci je fakt, Zze v pfipadé podezieni na
Lymeskou borreliézu ¢i HGA dochdzi ¢asto k empirické-
mu nasazeni ATB, které zabiraji i na pfipadné onemoc-
néni B. miyamotoi, a nedojde tedy k naslednému z;jis-
téni plvodce ndkazy [20, 125]. Séroprevalenc¢ni studie
provedené v USA [8] ¢&i Nizozemi [10] vsak ukazuji, ze
lidé jsou bézné exponovani B. miyamotoi. Je tedy prav-
dépodobné, Ze mnoho lidi onemocnéni zplsobené
B. miyamotoi prodéla pod obrazem nespecifického ho-
re¢natého onemocnéni ¢i dojde k asymptomatické na-
kaze.Protoze jde o pomérné nového patogena, existuje
fada nezodpovézenych otazek jak z oblasti zakladniho
vyzkumu (distribuce rozdilnych genetickych variant
B. miyamotoi v pfirodé, ekologie spirochéty v pfirodnim
ohnisku nakazy, perzistence v klistéti, koinfekce s ostat-
nimi patogennimi zastupci), tak z klinického pohledu
(virulence kmend, riziko ndkazy u imunokompetent-
nich obyvatel, riziko pfenosu transfuzi, pfesna diagnos-
tika a bezpecny terapeuticky rezim) [20].

LITERATURA

1.  Bouchard C, Dibernardo A, Koffi J, et al. Increased risk of tick-
borne diseases with climate and environmental changes. Can
Commun Dis Rep, 2019;45:83-89.

2. Heyman P, Cochez Ch, Hofhuis A, et al. A clear and present dan-
ger: tick-borne diseases in Europe. Expert Rev Anti-Infect Ther,
2010;8:33-50.

3. Randolph SE. The shifting landscape of tick-borne zoonoses:
tick-borne encephalitis and Lyme borreliosis in Europe. Philos
Trans R Soc Lond B-Biol Sci, 2001;356:1045-1056.

4. Fukunaga M, Takanashi Y, Tsuruta Y, et al. Genetic and phenoty-
pic analysis of Borrelia miyamotoi sp. nov., isolated from the ixo-
did tick Ixodes persulcatus, the vector for Lyme disease in Japan.
Int J Syst Bacteriol, 1995;45:804-810.

5. Scoles GA, Papero M, Beati L, et al. A relapsing fever group spi-
rochete transmitted by Ixodes scapularis ticks. Vector-Borne Zoo-
notic Dis, 2001;1:21-34.

6. Fraenkel CJ, Garpmo U, Berglund J. Determination of novel Bor-
relia genospecies in Swedish Ixodes ricinus ticks. J Clin Microbiol,
2002;40:3308-3312.

7. Platonov AE, Karan LS, Kolyasnikova NM, et al. Humans infect-
ed with relapsing fever spirochete Borrelia miyamotoi, Russia.
Emerg Infect Dis, 2011;17:1816-1823.

8.  KrausePJ,Narasimhan S, Wormser GP, et al. Human Borrelia miya-
motoi infection in the United States. N EnglJ Med, 2013;368:291-
293.

9. Kadkhoda K, Dumouchel C, Brancato J, et al. Human seropreva-
lence of Borrelia miyamotoi in Manitoba, Canada, in 2011-2014:
a cross-sectional study. CMAJ Open, 2017;5:E690-E693.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Jahfari S, Herremans T, Platonov AE, et al. High seroprevalence
of Borrelia miyamotoi antibodies in forestry workers and indi-
viduals suspected of human granulocytic anaplasmosis in the
Netherlands. New Microbes New Infect, 2014;2:144-149.

Sato K, Takano A, Konnai S, et al. Human infections with Borrelia
miyamotoi, Japan. Emerg Infect Dis, 2014;20:1391-1393.

Jiang BG, lJia N, Jiang JF, et al. Borrelia miyamotoi infections
in humans and ticks, Northeastern China. Emerg Infect Dis,
2018;24:236-241.

Gugliotta JL, Goethert HK, Berardi VP, et al Meningoencephalitis
from Borrelia miyamotoi in an immunocompromised patient. N
Engl J Med, 2013;368:240-245.

Hovius JW, de Wever B, Sohne M, et al. A case of meningoen-
cephalitis by the relapsing fever spirochaete Borrelia miyamotoi
in Europe. Lancet, 2013;382:658.

Boden K, Lobenstein S, Hermann B, et al. Borrelia miyamotoi-as-
sociated neuroborreliosis in immunocompromised person.
Emerg Infect Dis, 2016;22:1617-1620.

Tobudic S, Burgmann H, Stanek G, et al. Human Borrelia miyamo-
toi Infection, Austria. Emerg Infect Dis, 2020;26:2201-2204.
Gupta SR, Mahmood S, Adeolu M. A phylogenomic and molecu-
lar signature based approach for characterization of the phylum
Spirochaetes and its major clades proposal for a taxonomic revi-
sion of the phylum. Front Microbiol, 2013;4:1-17.

Barbour AG. Phylogeny of a relapsing fever Borrelia species
transmitted by the hard tick Ixodes scapularis. Infect Genet Evol,
2014;27:551-558.

Bunikis J, Tsao J, Garpmo U, et al. Typing of Borrelia relapsing
fever group strains. Emerg Infect Dis, 2004;10:1661-1664.

Cutler S, Vayssier-Taussat M, Estrada-Pena A, et al. A new Borrel-
ia on the block: Borrelia miyamotoi — a human health risk? Euro
Surveill, 2019;24(18).

Takano A, Goka K, Une Y, et al. Isolation and characterization of
a novel Borrelia group of tick-borne borreliae from imported rep-
tiles and their associated ticks. Environ Microbiol, 2010;12:134-146.
Takano A, Fujita H, Kadosaka T, et al. Characterization of rep-
tile-associated Borrelia sp. in the vector tick, Amblyomma geo-
emydae, and its association with Lyme disease and relapsing
fever Borrelia spp. Environ Microbiol Rep, 2011;3:632-637.
Trinachartvanit W, Hirunkanokpun S, Sudsangiem R, et al. Borre-
lia sp. phylogenetically different from Lyme disease and relaps-
ing fever-related Borrelia spp. in Amblyomma varanense from
Python reticulatus. Parasites Vectors, 2016;9:359.

Loh SM, Gofton AW, Lo N, et al. Novel Borrelia species detected
in echidna ticks, Bothriocroton concolor, in Australia. Parasites
Vectors, 2016;9:339.

Adeolu M, Gupta RS. A phylogenomic and molecular marker
based proposal for the division of the genus Borrelia into two
genera: the emended genus Borrelia containing only the mem-
bers of the relapsing fever Borrelia, and the genus Borreliella
gen. nov. containing the members of the Lyme disease Borrelia
(Borrelia burgdorferi sensu lato complex). Antonie Van Leeuwen-
hoek, 2014;105:1049-1072.

Barbour AG, Adeolu M, Gupta RS. Division of the genus Borrelia
into two genera (corresponding to Lyme disease and relapsing
fever groups) reflects their genetic and phenotypic distinctive-
ness and will lead to a better understanding of these two groups
of microbes (Margos et al. (2016) There is inadequate evidence
to support the division of the genus Borrelia. doi: 10.1099/
ijsem.0.001717). Int J Syst Evol Microbiol, 2017,67:2058-2067.
Gupta RS. Distinction between Borrelia and Borreliella is more
robustly supported by molecular and phenotypic characteris-
tics than all other neighbouring prokaryotic genera: Response
to Margos' et al.,,The genus Borrelia reloaded” (PLoS One 13(12):
€0208432). PLoS One, 2019;14:e0221397.

Margos G, Marosevic D, Cutler S, et al. There is inadequate evi-
dence to support the division of the genus Borrelia. Int J Syst Evol
Microbiol, 2017;67:1081-1084.

Margos G, Gofton A, Wibberg D, et al. The genus Borrelia reload-
ed. PLoS One, 2018;13:0208432.

Margos G, Fingerle V, Oskam C, et al. Comment on: Gupta, 2019,
distinction between Borrelia and Borreliella is more robustly
supported by molecular and phenotypic characteristics than all
other neighbouring prokaryotic genera: Response to Margos' et
al. ,The genus Borrelia reloaded” (PLoS One 13(12): e0208432).
PLoS One 14(8): e0221397. Ticks Tick-Borne Dis, 2020;11:101320.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

SOUHRNNE SDELENI

Estrada-Pefna A, Cabezas-Cruz A. Phyloproteomic and functional
analyses do not support a split in the genus Borrelia (phylum
Spirochaetes). BMIC Evol Biol, 2019;19:54.

Margos G, Castillo-Ramirez S, Cutler S, et al. Rejection of the
name Borreliella and all proposed species comb. nov. placed
therein. Int J Syst Evol Microbiol, 2020;70:3577-3581.

Takano A, Toyomane K, Konnai S, et al. Tick surveillance for re-
lapsing fever spirochete Borrelia miyamotoi in Hokkaido, Japan.
PLoS One, 2014;9:e104532.

MukhachevaTA, Salikhova Il, Kovalev SY. Multilocus spacer analy-
sis revealed highly homogeneous genetic background of Asian
type of Borrelia miyamotoi. Infect Genet Evol, 2015;31:257-262.
lwabu-Itoh Y, Bazartseren B, Naranbaatar O, et al. Tick surveil-
lance for Borrelia miyamotoi and phylogenetic analysis of isolates
in Mongolia and Japan. Ticks Tick-Borne Dis, 2017;8:850-857.
Krause PJ, Fish D, Narasimhan S, et al. Borrelia miyamotoi infec-
tion in nature and in humans. Clin Microbiol Infect, 2015;21:631-
639.

Wagemakers A, Staarink PJ, Sprong H, et al. Borrelia miyamotoi:
a widespread tick-borne relapsing fever spirochete. Trends Para-
sitol, 2015;31:260-269.

Mun J, Eisen RJ, Eisen L, et al. Detection of a Borrelia miyamotoi
sensu lato relapsing-fever group spirochete from Ixodes pacifi-
cus in California, J Med Entomol, 2006;43:120-123.

Jahfari S, Ruyts SC, Frazer-Mendelewska E, et al. Melting pot of
tick-borne zoonoses: the European hedgehog contributes to
the maintenance of various tick-borne diseases in natural cycles
urban and suburban areas. Parasites Vectors, 2017;10:134.

Kim CM, Seo JW, Kim DM, et al. Detection of Borrelia miyamotoi
in Ixodes nipponensis in Korea. PLoS One, 2019;14:€0220465.
Hamer SA, Hickling GJ, Keith R, et al. Associations of passerine
birds, rabbits, and ticks with Borrelia miyamotoi and Borrelia an-
dersonii in Michigan, U.S.A. Parasites Vectors, 2012;5:231.

Hauck D, Springer A, Pachnicke S, et al. Ixodes inopinatus in
northern Germany: occurrence and potential vector role for
Borrelia spp., Rickettsia spp., and Anaplasma phagocytophilum
in comparison with Ixodes ricinus. Parasitol Res, 2019;118:3205-
3216.

Grech-Angelini S, Stachurski F, Vayssier-Taussat M, et al. Tick-
borne pathogens in ticks (Acari: Ixodidae) collected from various
domestic and wild hosts in Corsica (France), a Mediterranean is-
land environment. Transbound Emerg Dis, 2020;67:745-757.
Livanova NN, Fomenko NV, Akimov IA, et al. Dog survey in Rus-
sian veterinary hospitals: tick identification and molecular de-
tection of tick-borne pathogens. Parasites Vectors, 2018;11:591.
Yang, Yang Z, Kelly P, et al. Borrelia miyamotoi sensu lato in Pere
David Deer and Haemaphysalis longicornis Ticks. Emerg Infect
Dis, 2018;24:928-931.

Sprong H, Fonville M, Docters van Leeuwen A, et al. Detection of
pathogens in Dermacentor reticulatus in northwestern Europe:
evaluation of a high-throughput array. Heliyon, 2019;5:e01270.
Kohn M, Kriicken J, McKay-Demeler J, et al. Dermacentor reticu-
latus in Berlin/Brandenburg (Germany): Activity patterns and
associated pathogens. Ticks Tick-Borne Dis, 2019;10:191-206.
Heglasova |, Rudenko N, Golovchenko M, et al. Ticks, fleas and
rodent-hosts analyzed for the presence of Borrelia miyamotoi in
Slovakia: the first record of Borrelia miyamotoi in a Haemaphysa-
lis inermis tick. Ticks Tick-Borne Dis, 2020;11:101456.

Han S, Lubelczyk C, Hickling GJ, et al. Vertical transmission rates
of Borrelia miyamotoi in Ixodes scapularis collected from white-
tailed deer. Ticks Tick-Borne Dis, 2019;10:682-689.

Rollend L, Fish D, Childs JE. Transovarial transmission of Borrelia
spirochetes by Ixodes scapularis: a summary of the literature and
recent observations. Ticks Tick-Borne Dis, 2013;4:46-51.

Hamer SA, Tsao JI, Walker ED, et al. Invasion of the lyme disease
vector Ixodes scapularis: implications for Borrelia burgdorferi en-
demicity. Ecohealth, 2010;7:47-63.

Hubdlek Z, Halouzka J. Prevalence rates of Borrelia burgdorferi
sensu lato in host-seeking Ixodes ricinus ticks in Europe. Parasitol
Res, 1998;84:167-172.

van Duijvendijk G, Coipan C, Wagemakers A, et al. Larvae of
Ixodes ricinus transmit Borrelia afzelii and B. miyamotoi to verte-
brate hosts. Parasites Vectors, 2016;9:97.

Richter D, Debski A, Hubalek Z, et al. Absence of Lyme disease
spirochetes in larval Ixodes ricinus ticks. Vector-Borne Zoonotic
Dis, 2011;12:21-27.

127



SOUHRNNE SDELENI

128

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Lynn GE, Breuner NE, Eisen L, et al. An immunocompromised
mouse model to infect Ixodes scapularis ticks with the relaps-
ing fever spirochete, Borrelia miyamotoi. Ticks Tick-Borne Dis,
2019;10:352-359.

Bunikis J, Barbour AG. Third Borrelia species in white-footed
mice. Emerg Infect Dis, 2005;11:1150-1151.

Barbour AG, Bunikis J, Travinsky B, et al. Niche partitioning of
Borrelia burgdorferi and Borrelia miyamotoi in the same tick
vector and mammalian reservoir species. Am J Trop Med Hyg,
2009;81:1120-1131.

Taylor KR, Takano A, Konnai S, et al. Borrelia miyamotoi infections
among wild rodents show age and month independence and
correlation with Ixodes persulcatus larval attachment in Hokkai-
do, Japan. Vector-Borne Zoonotic Dis, 2013;13:92-97.
Wagemakers A, Jahfari S, de Wewer B, et al. Borrelia miyamotoi
in vectors and hosts in the Netherlands. Ticks Tick-Borne Dis,
2017,;8:370-374.

Cosson JF, Michelet L, Chotte J, et al. Genetic characterization
of the human relapsing fever spirochete Borrelia miyamotoi in
vectors and animal reservoirs of Lyme disease spirochetes in
France. Parasites Vectors, 2014;7:223.

Hamsikové Z, Coipan C, Mahrikova L, et al. Borrelia miyamotoi
and co-infection with Borrelia afzelii in Ixodes ricinus ticks and
rodents from Slovakia. Microb Ecol, 2017;73:1000-1008.

Scott MC, Rosen ME, Hamer SA, et al. High-prevalence Borrelia
miyamotoi infection among wild turkeys (Meleagris gallopavo)
in Tennessee. J Med Entomol, 2010;47:1238-1242.

Salkeld DJ, Nieto NC, Bonilla DL, et al. Borrelia miyamotoi In-
fections in Small Mammals, California, USA. Emerg Infect Dis,
2018;24:2356-2359.

Szekeres S, Docters van Leeuwen A, Téth E, et al. Road-killed
mammals provide insight into tick-borne bacterial pathogen
communities within urban habitats. Transbound Emerg Dis,
2019;66:277-286.

Kalmar Z, Sandor AD, Matei IA, et al. Borrelia spp. in small mam-
mals in Romania. Parasites Vectors, 2019;12:461.

Burri C, Schumann O, Schumann C, et al. Are Apodemus spp.
mice and Myodes glareolus reservoirs for Borrelia miyamotoi,
Candidatus Neoehrlichia mikurensis, Rickettsia helvetica, R. mo-
nacensis and Anaplasma phagocytophilum? Ticks Tick-Borne Dis,
2014;5:245-251.

Wodecka B, Rymaszewska A, Skotarczak B. Host and pathogen
DNA identification in blood meals of nymphal Ixodes ricinus
ticks from forest parks and rural forests of Poland. Exp Appl Aca-
rol, 2014;62:543-555.

Han S, Hickling GJ, Tsao JI. High Prevalence of Borrelia miyamotoi
among adult blacklegged ticks from white-tailed deer. Emerg In-
fect Dis, 2016;22:316-318.

Han S, Lubelczyk C, Hickling GJ, et al. Vertical transmission rates
of Borrelia miyamotoi in Ixodes scapularis collected from white-
tailed deer. Ticks Tick-Borne Dis, 2019;10:682-689.

Diaz P, Remesar S, Venzal JM, et al. Occurrence of Borrelia and
Borreliella species in Ixodes ricinus collected from roe deer in
northwestern Spain. Med Vet Entomol, 2019;33:427-430.
Graham ChB, Pilgard MA, Maes SE, et al. Paired real-time PCR
assays for detection of Borrelia miyamotoi in North American
Ixodes scapularis and Ixodes pacificus (Acari: Ixodidae). Ticks Tick-
Borne Dis, 2016;7:1230-1235.

Johnson TL, Graham CB, Maes SE, et al. Prevalence and distribu-
tion of seven human pathogens in host-seeking Ixodes scapu-
laris (Acari: Ixodidae) nymphs in Minnesota, USA. Ticks Tick-
Borne Dis, 2018;9:1499-1507.

Tokarz R, Tagliafierro T, Cucura DM, et al. Detection of Anaplasma
phagocytophilum, Babesia microti, Borrelia burgdorferi, Borrelia
miyamotoi and Powassan virus in ticks by a multiplex real-time
reverse transcription-PCR assay. mSphere, 2017,2:e00151-17.
Wroblewski D, Gebhardt L, Prusinski MA, et al. Detection of
Borrelia miyamotoi and other tick-borne pathogens in human
clinical specimens and Ixodes scapularis ticks in New York State,
2012-2015. Ticks Tick-Borne Dis, 2017;8:407-411.

Xu G, Pearson P, Dykstra E, et al. Human-Biting Ixodes Ticks and
Pathogen Prevalence from California, Oregon, and Washington.
Vector-Borne Zoonotic Dis, 2019;19:106-114.

Edwards MJ, Russell JC, Davidson EN, et al. A 4 - Yr Survey of the
Range of Ticks and Tick-Borne Pathogens in the Lehigh Valley Re-
gion of Eastern Pennsylvania. J Med Entomol, 2019;56:1122-1134.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Tokarz R, Tagliafierro T, Sameroff S, et al. Microbiome analysis
of Ixodes scapularis ticks from New York and Connecticut. Ticks
Tick-Borne Dis, 2019;10:894-900.

Sanchez-Vicente S, Tagliafierro T, Coleman JL, et al. Polymicrobi-
al Nature of Tick-Borne Diseases. MBio, 2019;10:e02055-19.
Padgett K, Bonilla D, Kjemtrup A, et al. Large scale spatial
risk and comparative prevalence of Borrelia miyamotoi and
Borrelia burgdorferi sensu lato in Ixodes pacificus. PLoS One,
2014;9:e110853.

Lynn GE, Graham CB, Horiuchi K, et al. Prevalence and geo-
graphic distribution of Borrelia miyamotoi in host-seeking Ixodes
pacificus (Acari: Ixodidae) nymphs in Mendocino County, Califor-
nia. J Med Entomol, 2018;55:711-716.

Dibernardo A, Cote T, Ogden NH, et al. The prevalence of Borre-
lia miyamotoi infection and co-infection with other Borrelia spp.
in Ixodes scapularis ticks collected in Canada. Parasites Vectors,
2014;7:183.

Kulkarni M, Kryuchkov R, Statculescu A, et al. Ixodes scapularis
tick distribution and infection rates in Ottawa, Ontario, 2017.
Can Commun Dis Rep, 2018;44:237-242.

Rar V, Livanova N, Tkachev S, et al. Detection and genetic
characterization of a wide range of infectious agents in Ixodes
pavlovskyi ticks in western siberia, Russia. Parasites Vectors,
2017;10:258.

RarV, Livanova N, Sabitova Y, et al. Ixodes persulcatus/pavlovskyi
natural hybrids in Siberia: Occurrence in sympatric areas and
infection by a wide range of tick-transmitted agents. Ticks Tick-
Borne Dis, 2019;10:101254.

Pukhovskaya NM, Morozova OV, Vysochina NP, et al. Prevalence
of Borrelia burgdorferi sensu lato and Borrelia miyamotoi in ixo-
did ticks in the Far East of Russia. Int J Parasitol Parasites Wildl,
2019;8:192-202.

Khasnatinov MA, Danchinova GA, Takano A, et al. Prevalence
of Borrelia miyamotoi in Ixodes persulcatus in Irkutsk city
and its neighboring territories, Russia. Ticks Tick-Borne Dis,
2016;7:394-397.

Sakakibara K, Sen E, Sato K, et al. Detection and characteriza-
tion off the emerging relapsing fever pathogen, Borrelia miy-
amotoi, from the Ixodes ricinus tick in the rural Thrakya (Thra-
ce) region of northwest Turkey. Vector-Borne Zoonotic Dis,
2016;16:797-799.

Fonville M, Friesema IHM, Hengeveld PD, et al. Human exposure
to tickborne relapsing fever spirochete Borrelia miyamotoi, the
Netherlands. Emerg Infect Dis, 2014;20:1244-1245.

Cochez C, Heyman P, Heylen D, et al. The presence of Borrelia
miyamotoi, a relapsing fever spirochaete, in questing Ixodes rici-
nus in Belgium and in The Netherlands. Zoonoses Public Health,
2015;62:331-333.

Michelet L, Delannoy S, Devillers E, et al. High-throughput
screening of tick-borne pathogens in Europe. Front Cell Infect
Microbiol, 2014;4:103.

Vayssier-Taussat M, Moutailler S, Michelet L, et al. Next genera-
tion sequencing uncovers unexpected bacterial pathogens in
ticks in western Europe. PLoS One, 2013;8:e81439.

Nebbak A, Dahmana H, Almeras L, et al. Co-infection of bacteria
and protozoan parasites in Ixodes ricinus nymphs collected in
the Alsace region, France. Ticks Tick-Borne Dis, 2019;10:101241.
Szekeres S, Lugner J, Fingerle V, et al. Prevalence of Borrelia miy-
amotoi and Borrelia burgdorferi sensu lato in questing ticks from
a recreational coniferous forest of East Saxony, Germany. Ticks
Tick-Borne Dis, 2017;8:922-927.

Richter D, Schlee DB, Matuschka FR. Relapsing fever-like spiro-
chetes infecting European vector tick of Lyme disease agent.
Emerg Infect Dis, 2003;9:697-701.

Crowder ChD, Carolan HE, Rounds MA, et al. Prevalence of Bor-
relia miyamotoi in Ixodes ticks in Europe and the United States.
Emerg Infect Dis, 2014;20:1678-1682.

Blazejak K, Raulf MK, Janecek E, et al. Shifts in Borrelia burgdorferi
(s.I.) genospecies infections in Ixodes ricinus over a 10-year sur-
veillance period in the city of Hanover (Germany) and Borrelia
miyamotoi specific Reverse Line Blot detection. Parasites Vec-
tors, 2018;11:304.

Venczel R, Knoke |, Pavlovic M, et al. A novel duplex real-time
PCR permits simultaneous detection and differentiation of Bor-
relia miyamotoi and Borrelia burgdorferi sensu lato. Infection,
2015;4:47-55.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Vaculova T, Derdakovéa M, Spitalska E, et al. Simultaneous Oc-
currence of Borrelia miyamotoi, Borrelia burgdorferi Sensu Lato,
Anaplasma phagocytophilum and Rickettsia helvetica in Ixodes
ricinus Ticks in Urban Foci in Bratislava, Slovakia. Acta Parasitol,
2019;64:19-30.

Subramanian G, Sekeyova Z, Raoult D, et al. Multiple tick-associ-
ated bacteria in Ixodes ricinus from Slovakia. Ticks Tick-Borne Dis,
2012;3:405-400.

Wilhelmsson P, Fryland L, Borjesson S, et al. Prevalence and di-
versity of Borrelia species in ticks that have bitten humans in
Sweden. J Clin Microbiol, 2010;49:481.

Layzell SJ, Bailey D, Peacey M, et al. Prevalence of Borrelia burg-
dorferi and Borrelia miyamotoi in questing Ixodes ricinus ticks
from four sites in the UK. Ticks Tick-Borne Dis, 2017;2:217-224.
Hansford KM, Fonville M, Jahfari S, et al. Borrelia miyamotoi in
host-seeking Ixodes ricinus ticks in England. Epidemiol Infect,
2015;143:1079-1087.

Lambert JS, Cook MJ, Healy JE, et al. Metagenomic 16S rRNA
gene sequencing survey of Borrelia species in Irish samples of
Ixodes ricinus ticks. PLoS One, 2019;14:e0209881.

Kiewra D, Stanczak J, Richter M. Ixodes ricinus (Acari, Ixodidae) as
a vector of Borrelia burgdorferi sensu lato and Borrelia miyamotoi
in Lower Silesia, Poland - preliminary study. Ticks Tick-Borne Dis,
2014;5:892-897.

Kubiak K, Dziekoniska-Rynko J, Szymanska H, et al. Questing
Ixodes ricinus ticks (Acari, Ixodidae) as a vector of Borrelia burg-
dorferi sensu lato and Borrelia miyamotoi in an urban area of
north-eastern Poland. Exp Apl Acarol, 2019;78:113-126.

Reiter M, Schétta AM, Miiller A, et al. A newly established re-
al-time PCR for detection of Borrelia miyamotoi in Ixodes ricinus
ticks. Ticks Tick-Borne Dis, 2015;6:303-308.

Ruyts SC, Tack W, Ampoorter E, et al. Year-to-year variation in the
density of Ixodes ricinus ticks and the prevalence of the rodent-as-
sociated human pathogens Borrelia afzelii and B. miyamotoi in
different forest types. Ticks Tick-Borne Dis, 2018;9:141-145.
Szerekes S, Coipan EC, Rig6 K, et al. Eco-epidemiology of Borrelia
miyamotoi in a popular hunting and recreational forest area in
Hungary. Parasites Vectors, 2015;8:309.

Diaz P, Arnal LJ, Remesar S, et al. Molecular identification of
Borrelia spirochetes in questing Ixodes ricinus from northwest
Spain. Parasites Vectors, 2017;10:615.

Remesar S, Diaz P, Venzal JM, et al. Longitudinal Study of Infec-
tion with Borrelia spp. in Questing Ticks from North-Western
Spain. Vector-Borne Zoonotic Dis, 2019;19:785-792.

Klitgaard K, Hejgaard J, Isbrand A, et al. Screening for multiple
tick-borne pathogens in Ixodes ricinus ticks from birds in Den-
mark during spring and autumn migration seasons. Ticks Tick-
Borne Dis, 2019;10:546-552.

Kjelland V, Rollum R, Korslund L, et al. Borrelia miyamotoi is
widespread in Ixodes ricinus ticks in southern Norway. Ticks Tick-
Borne Dis, 2015;6:516-521.

Kjelland V, Paulsen KM, Rollum R, et al. Tick-borne encephalitis
virus, Borrelia burgdorferi sensu lato, Borrelia miyamotoi, Ana-
plasma phagocytophilum and Candidatus Neoehrlichia mikuren-
sis in Ixodes ricinus ticks collected from recreational islands in
southern Norway. Ticks Tick-Borne Dis, 2018;9:1098-1102.
Geller J, Nazarova L, Katargina O, et al. Detection and genetic
characterization of relapsing fever spirochete Borrelia miyamo-
toi in Estonian ticks. PLoS One, 2012;7:€51914.

Potkonjak A, Kleinerman G, Gutiérrez R, et al. Occurence of Bor-
relia burgdorferi sensu lato in Ixodes ricinus ticks with first identi-
fication of Borrelia miyamotoi in Vojvodina, Serbia. Vector-Borne
Zoonotic Dis, 2016;16:631-635.

Rogovskyy A, Batool M, Gillis DC, et al. Diversity of Borrelia spi-
rochetes and other zoonotic agents in ticks from Kyiv, Ukraine.
Ticks Tick-Borne Dis, 2018;9:404-409.

Ravagnan S, Tomassone L, Montarsi F, et al. First detection of
Borrelia miyamotoi in Ixodes ricinus ticks from northern Italy.
Parasites Vectors, 2018;11:130.

Andersson MO, Marga G, Banu T, et al. Tick-borne pathogens in
tick species infesting humans in Sibiu County, central Romania.
Parasitol Res, 2018;117:1591-1597.

Sormunen JJ, Klemola T, Hanninen J, et al. The importance
of study duration and spatial scale in pathogen detection-
-evidence from a tick-infested island. Emerg Microbes Infect,
2018;7:189.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132

133.

134.

135.

136.

137.

138.

139.

140.

141.

SOUHRNNE SDELENI

Namina A, Capligina V, Seleznova M, et al. Tick-borne pathogens
in ticks collected from dogs, Latvia, 2011-2016. BMC Vet Res,
2019;15:398.

Hamer SA, Hickling GJ, Walker ED, et al. Increased diversity of
zoonotic pathogens and Borrelia burgdorferi strains in estab-
lished versus incipient Ixodes scapularis populations across the
Midwestern United States. Infect Genet Evol, 2014;27:531-542.
Hulinské D, Votypka J, Kriz B, et al. Phenotypic and genotypic
analysis of Borrelia spp. isolated from Ixodes ricinus ticks by us-
ing electrophoretic chips and real-time polymerase chain reac-
tion. Folia Microbiol, 2007;52:315-324.

Hajkova H.Vyskyt klistat a analyza jimi pfenasenych druhd bore-
lie v rekrea¢nich zénach v Ceskych Budé&jovicich a okoli. Mapo-
vani vyskytu B. miyamotoi v klistatech z vybranych regiontd
Jiznich Cech. Bakalafska prace, Jihoceska univerzita v Ceskych
Budéjovicich, Ceské Budg&jovice. 2014; 26 s.

Honig V, Carolan HE, Vavruskova Z, et al. Broad-range survey
of vector-borne pathogens and tick host identification of Ixo-
des ricinus from Southern Czech Republic. FEMS Microbiol Ecol,
2017;93:1-13.

Telford SR, Goethert HK, Molloy PJ, et al. Borrelia miyamotoi dis-
ease: neither Lyme disease nor relapsing fever. Clin Lab Med,
2015;35:867-882.

Krause PJ, Schwab J, Narasimhan S, et al. Hard tick relapsing fe-
ver caused by Borrelia miyamotoi in a child. Pediatr Infect Dis J,
2016;35:1352-1354.

Sarksyan DS, Platonov AE, Karan LS, et al. Probability of spiro-
chete Borrelia miyamotoi transmission from ticks to humans.
Emerg Infect Dis, 2015;21:2273-2274.

Fiorito TM, Reece R, Flanigan TP, et al. Borrelia miyamotoi poly-
merase chain reaction positivity on a tick-borne disease panelin
an endemic region of Rhode Island: a case series. Infect Dis Clin
Pract, 2017;25:250-254.

Molloy PJ, Telford SR 3rd, Chowdri HR, et al. Borrelia miyamotoi
disease in the northeastern United States: a case series. Ann In-
tern Med, 2015;163:91-98.

Chowdri HR, Gugliotta JL, Berardi VP, et al. Borrelia miyamotoi in-
fection presenting as human granulocytic anaplasmosis: a case
report. Ann Intern Med, 2013;159:21-27.

Sudhindra P, Wang G, Schriefer ME, et al. Insights into Borrelia
miyamotoi infection from an untreated case demonstrating re-
lapsing fever, monocytosis and positive C6 Lyme serology. Di-
agn Microbiol Infect Dis, 2016;86:93-96.

Jobe DA, Lovrich SD, Oldenburg DG, et al. Borrelia miyamotoi
Infection in Patients from Upper Midwestern United States,
2014-2015. Emerg Infect Dis, 2016;22:1471-1473.

Hoornstra D, Koetsveld J, Sprong H, et al. Borrelia miyamotoi Dis-
ease in an Immunocompetent Patient, Western Europe. Emerg
Infect Dis, 2018;24:1770-1772.

Oda R, Kutsuna S, Sekikawa Y, et al. The first case of imported
Borrelia miyamotoi disease concurrent with Lyme disease. J In-
fect Chemother, 2017;23:333-335.

Franck M, Ghozzi R, Pajaud J, et al. Borrelia miyamotoi: 43 Cas-
es Diagnosed in France by Real-Time PCR in Patients With Per-
sistent Polymorphic Signs and Symptoms. Front Med (Lausanne),
2020;7:55.

Sinski E, Welc-Faleciak R, Zajkowska J. Borrelia miyamotoi: A hu-
man tick-borne relapsing fever spirochete in Europe and its
potential impact on public health. Adv Med Sci, 2016;61:255-
260.

Krause PJ, Narasimhan S, Wormser GP, et al. Borrelia miyamotoi
sensu lato seroreactivity and seroprevalence in the northeast-
ern United States. Emerg Infect Dis, 2014;20:1183-1190.

Krause PJ, Carroll M, Fedorova N, et al. Human Borrelia miyamo-
toi infection in California: serodiagnosis is complicated by multi-
ple endemic Borrelia species. PLoS One, 2018;13:€0191725.
Smith RP Jr, Elias SP, Cavanaugh CE, et al. Seroprevalence of
Borrelia burgdorferi, B. miyamotoi, and Powassan Virus in Resi-
dents Bitten by Ixodes Ticks, Maine, USA. Emerg Infect Dis,
2019;25:804-807.

Sato K, Sakakibara K, MasuzawaT, et al. Case control study: Sero-
logical evidence that Borrelia miyamotoi disease occurs nation-
wide in Japan. J Infect Chemother, 2018;24:828-833.
Henningsson AJ, Asgeirsson H, Hammas B, et al. Two Cases of
Borrelia miyamotoi Meningitis, Sweden, 2018. Emerg Infect Dis,
2019;25:1965-1968.



SOUHRNNE SDELENI

130

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Krause PJ, Hendrickson JE, Steeves TK, et al. Blood transfusion
transmission of the tick-borne relapsing fever spirochete Borre-
lia miyamotoi in mice. Transfusion, 2015;55:593-597.

Thorp AM, Tonnetti L. Distribution and survival of Borrelia miyamo-
toi in human blood components. Transfusion, 2016;56:705-711.
Koetsveld J, Draga ROP, Wagemakers A, et al. In vitro susceptibility
of the relapsing-fever spirochete Borrelia miyamotoi to antimicro-
bial agents. Antimicrob Agents Chemother, 2017;61:€00535-17.
Koetsveld J, Manger A, Hoornstra D, et al. In Vitro Antimicrobial
Susceptibility of Clinical Isolates of Borrelia miyamotoi. Antimi-
crob Agents Chemother, 2018;62:¢00419-18.

Telford SR, Goethert HK, Molloy PJ, et al. Blood Smears Have
Poor Sensitivity for Confirming Borrelia miyamotoi Disease. J Clin
Microbiol, 2019;57:e01468-18.

Barbour AG. Isolation and cultivation of Lyme disease spiro-
chaetes. Yale J Biol Med, 1984;57:521-525.

Margos G, Stockmeier S, Hizo-Teufel C, et al. Long-term in
vitro cultivation of Borrelia miyamotoi. Ticks Tick-Borne Dis,
2015;6:181-184.

Stone BL, Brissette CA. Laboratory cultivation and maintenance
of Borrelia miyamotoi. Curr Protoc Microbiol, 2016;42:12F.1.1-
12F.1.6.

Wagemakers A, Oei A, Fikrig MM, et al. The relapsing fever spiro-
chete Borrelia miyamotoi is cultivable in a modified Kelly-Petten-
kofer medium, and is resistant to human complement. Parasites
Vectors, 2014;7:418.

Koetsveld J, Kolyasnikova NM, Wagemakers A, et al. Develop-
ment and optimization of an in vitro cultivation protocol allows
for isolation of Borrelia miyamotoi from patients with hard tick-
borne relapsing fever. Clin Microbiol Infect, 2017;23:480-484.
Schwan TG, Schrumpf ME, Hinnebusch BJ, et al. GlpQ: an anti-
gen for serological discrimination between relapsing fever and
Lyme borreliosis. J Clin Microbiol, 1996;34:2483-2492.

Karan L, Makenov M, Kolyasnikova N, et al. Dynamics of Spiro-
chetemia and Early PCR Detection of Borrelia miyamotoi. Emerg
Infect Dis, 2018;24:860-867.

Hue F, Langeroudi AG, Barbour AG. Chromosome sequence of
Borrelia miyamotoi, an uncultivable tick-borne agent of human
infection. Genome Announc, 2013;1:e00713-13.

Kingry LC, Replogle A, Batra D, et al. Toward a Complete North
American Borrelia miyamotoi Genome. Genome Announc,
2017;5:e01557-16.

Kingry LC, Replogle A, Dolan M, et al. Chromosome and Large
Linear Plasmid Sequences of a Borrelia miyamotoi Strain Isolat-
ed from Ixodes pacificus Ticks from California. Genome Announc,
2017;5:e00960-17.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Kuleshov KV, Koetsveld J, Goptar IA, et al. Whole-Genome Se-
quencing of Six Borrelia miyamotoi Clinical Strains Isolated in
Russia. Genome Announc, 2018;6:e01424-17.

Kuleshov KV, Hoornstra D, Sprong H, et al. Draft Whole-Genome
Sequences of Two Western European Borrelia miyamotoi Iso-
lates. Microbiol Resour Announc, 2019;8:e01314-19.

Janecek J, Novakova M, Oppelt J, et al. Complete Chromoso-
mal Sequences of Two Borrelia miyamotoi Samples Obtained
from Ixodes ricinus Eggs in Czechia. Microbiol Resour Announc,
2020;9:e01504-19.

Wagemakers A, Koetsveld J, Narasimhan S, et al. Variable Major
Proteins as Targets for Specific Antibodies against Borrelia miya-
motoi. JImmunol, 2016;196:4185-4195.

Koetsveld J, Kolyasnikova NM, Wagemakers A, et al. Serodiag-
nosis of Borrelia miyamotoi disease by measuring antibodies
against GlpQ and variable major proteins. Clin Microbiol Infect,
2018;24:1338.e1-1338.e7.

Jahfari S, Sarksyan DS, Kolyasnikova NM, et al. Evaluation of a se-
rological test for the diagnosis of Borrelia miyamotoi disease in
Europe. J Microbiol Methods, 2017;136:11-16.

Tokarz R, Tagliafierro T, Caciula A, et al. Identification of immuno-
reactive linear epitopes of Borrelia miyamotoi. Ticks Tick-Borne
Dis, 2020;11:101314.

Lee SH, Vigliotti JS, Vigliotti VS, et al. Detection of borreliae in
archived sera from patients with clinically suspect Lyme disease.
Int J Mol Sci, 2014;15:4284-4298.

Molloy PJ, Weeks KE, Todd B, et al. Seroreactivity to the C6 Pep-
tide in Borrelia miyamotoi Infections Occurring in the Northeast-
ern United States. Clin Infect Dis, 2018;66:1407-1410.

Koetsveld J, Platonov AE, Kuleshov K, et al. Borrelia miyamotoi
infection leads to cross-reactive antibodies to the C6 peptide in
mice and men. Clin Microbiol Infect, 2019;26:513.e1-513.e6.
Hulinské D, Kybicova K. Diagnostika lymeské borreliézy v NRL LB
[online] 2008-05-14 [cit. 2020-01-26]. Dostupné na www: http://
www.szu.cz/tema/prevence/diagnostika-lymeske-borreliozy-v-
-nrl-lb.

Do redakce doslo dne 24. 9. 2020.

Adresa pro korespondenci:

doc. RNDr. Ivo Rudolf Ph.D.

Ustav biologie obratlovcii AV CR, v.v.i.
Kvétnd 170/8

603 00 Brno-stred-Pisdrky

e-mail: rudolf@ivb.cz

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 2



