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Ayamntoi cuvadelgol, ayamntoi @ilol

To Tpiunviaio meplodikd TNE EAAnVIKc MikpoBloloyikr¢ Etaipeiag «Acta Micro-
biologica Hellenica» petd and meplocoTePa amod 65 xpovia cuvexoUug mapouaciag
oTo Ywpo ¢ latpikig Biomaboloyiag el0épxetal o€ pia véa emoxn!

An6 1/1/2024 Ba @ihoeveital uno tnv atyida Tou ekdoTikou oikou MDPI.
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Y ag euxaploToUEe GAOUG yLa TNV UTTOOTAPLEN 0ag OAA auTd Ta Xpovia!

H Xuvtaktikr Emtponn

Dear colleagues, dear friends

The quarterly journal of the Hellenic Microbiological Society “Acta Microbiologica
Hellenica” after more than 65 years of continuous presence in the field of Medical
Biopathology is entering a new eral!

From 1/1/2024 it will be hosted under the auspices of the MDPI publishing house.

At this critical point, we would be happy to consider your valuable submissions
to the renewed edition of our Journal.
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The Editorial Board
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Avaokomnon

Epapuoyéc tng acpatopetpiag pafag MALDI-TOF otn Sidyvwon twv
Aolpwéewv and pukofaktnpeidia
I

Apalia T¢avatou', Anpitplog Namapévrong?, Mewpyia Bpuwvn', lwong Namamapaockeudg’

'Epyactripto MikpoBioAoyiac, latpikri ZxoAn, EOvikd kat Kamodiotpiakd lNavemotriuio ABnvwv

2EBvIkS Kévtpo Avapopdc Mukofaktnpidiwv, Epyaotripio MikpoBioAoyiag, Meviké Noookoueio Noonudtwy
Owpaka «H Zwtnpio»

DOI: https://doi.org/10.5281/zenodo.10203252
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[MepiAnn

To yévog Mycobacterium mepAapBdvel €idn 6TTw¢ Ta PéEAN ToU TABOYOVOU CUUTAEYUATOC EIOWV
M. tuberculosis complex, évav maykdouio onpavtikd Kivouvo yia tn dnudacia vyeia, Kabwg Ki
€va ouveXWE avéavopevo aplBuod eldwv pun uuatiwdwy pukopaktnpeidiwy, To 1/3 mepimou Twv
OTTO{WV €XOUV CUCXETIOTEI M€ AOIUWEEI ONUAVTIKAG VOONeOTNTAC KAl BvntdTtnTac. EMopévwe n
Tayeia K1 akpIBng Tavtomoinon Twv HukoBaktneidiwv ival Kpioun TNV aVTIUETWTTION TWV
AoHWEEWVY auTwV.

H MALDI-TOF MS peBodoloyia éxel eloaxOei Tnv Teheutaia deKAETIO OTNV EPYACTNPLOKA TTPA-
KTIKN ylO TNV TAUTOTOINON TWV PIKpoopyaviouwv. A§lomolei Ta povadikd, oav anoTunwuata,

TOMOX 68 @ TEYXOZ 4, OktwRploc-Aekéupploc 2023
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A.TZANATOY, A. MANABENTZHZ, I. BPYQNH, I. MATATAPAXKEYAX

yla To KAO¢ €ido¢ mpwTeivika @aopata padwv Ki EMTUYXAVEL Taxeia, E0KOAN, a&ldmoTn Ki OlKo-
VOUIKA armodoTIKr avayvwplon Baktnpiwy, (UHOUUKATWY, KAt UPOUUKATWV. KaBwg ol cupPatiké
péBodol Tautomoinong Twv pukoPaktnpidiwv gival xpovofopeg, n MALDI-TOF MS mpoo@épel
MLa VEA EVOANOKTIKHA TIPOCEYYLON TIOU PEIWVEL TO XPOVO HEXPL TO ATTOTEAECHA.

Ta mpwTtokoAAa adpavomoinong Kat TPoETolHaciac Tou deiypuatog Twv pukofaktnpeidiwv yia
™ MALDI-TOF MS avdAuon Twv MPWTEIVWV TOUG £XOUV TIEPLYPAPEI AETTITOUEPWC KAl XPNOIJO-
TTOIOUVTAL EVPEWC OTA KAIVIKA UIKpOoloAoyikd epyaotripla. NMapdAAnAa ot peAéteg afloAdynong
NS MALDI-TOF MS w¢ peBd6ou tautomoinong twv HukoBaktnpidiwv €xouv Slamotwaoel UPnAn
gvalodnoia, eldikéTNTA KAl SlepyaoctnElak avamapaywylpdtnta. H cuvexic avaaduion twv
Baoewv SeSouévwv e TNV EVOWPATWON OAO Kal PEYAAUTEPOU aplBPoL TTPO®IN PaCHATWY
palwv amno €idn Mycobacterium, aAA kat n avantuén 1IoXUPOTEPWV AOYICUIKWY YIa TNV avaAuon
pe tn MALDI-TOF MS, eivat Bacoikoi emdlwkopevol otoxol. Méow autwv moteleTal we Oa emi-
Tuyxavetal a&lémotn Tautomoinon peyaAutepou aptBuov eidwv Mycobacterium, alAd Kat Ka-
AUTePN S1aKplon HETA&L TWV QUAOYEVETIKA OTEVA CUOXETICOUEVWY EI0WV, KABWGE TO TEAEUTAIO
ammOTEAE( KAl TOV KUPLO TTEPIOPIOUO TNG PeBGSou. H MALDI-TOF MS avdAuon Twv EMQAVEIAKWY,
€101KWV ToU KABE gidoug Mycobacterium hmbiwv amotelei medio €peuvag Tou omoiou ol €eNIEELS
AvapEvVoVTal KAl UTTOOXETAL VA OUVTOMEVCEL OKOUN TIEPIOCOTEPO TO XPOVO TAUTOTIOINONG TWV
MUKoBaktnediwy, iowc Kal va KatopOwaoEl TNV TUTTOTTOINOT TOUG.

OL TTIPOOTTIKEG TTOU AVOIXTNKAV E TNV Eloaywyr TNG Texvoloyiag MALDI-TOF MS otn SiayvwoTikn
TWV pukoPBakTtnptdiwv €xouv Beapatikd avtikTummo otnv Tautonoinon Kt eAmidetal mwe Ba €xouv
TOV aVAAOYO aVTIKTUTIO, TOCO OTNV TUTToTToinon, 00 Kal TNV aviXVEUON AVTOXNG OTA AVTIPU-
HOTIKA pAppaKa.

Né€eic kAaibia

y_u MoxkoPoxtipiore, MALDI-TOF MS, tovtomoinon, mpoetoiaoio.

Oetyuarog, Paoeis OeOUEVMV, UEALOVTIKES TPOOTTTIKEG

1. Elcaywyn

Méxpl orjuepa, meploodtepa amd 180 €idn pukofa-
KTNPtSiwv éxouv meplypa@ei. Ta mAéov yvwoTd gival
T0 Mycobacterium tuberculosis (Mukofaktnpidlo Tng
PUUATIWONG) Kal TTOAU CUYYEVIKA TOU YEVETIKA €i6n,
petadl Twv omoiwv ta Mycobacterium bovis, Mycobac-
terium africanum, Mycobacterium microti, Mycobac-
terium bovis (otéhexo¢ epPoriov BCG), ta omoia

VOL. 68 @ |SSUE 4, October-December 2023

YnebBuvog aAAnloypagiag

lwoijp Hlanamopackevds

Epyacrijpio Mikpofioioyiag, latpiki Zyol,
EbOviké & Kamooistpiaro Havemortijuio AOyvav,
Mikpag Aciag 75, 11527 Abjva, Elidoa

Email: ipapapar@med.uoa.gr

avagépovtal w¢ oVUMAeypa Tou MukoBaktnpidiou
¢ Quuatiwong (M. tuberculosis complex, MTBC).
AKOUN oTa YVWOoTd €idn mou MpoKaAoUV avOpwITIVEC
Mopwéelg avrkel kat 1o Mycobacterium leprae (Muko-
Baktnpidio TNg Aémpag). EKTO¢ amd ta mapamndavw, Ta
€(6n Twv HUKoPBakTNEISIWV TTOU ATTOUEVOLV XOPAKTN-
piCovtatl ge Tov 6po pun @uuatiwdn pukoPaktnpidia
(Non-tuberculous mycobacteria - NTM) r} cuvriBwg kat
ME TOV XapakTnpelopd dtuma pukofaktnpidia.’



EOAPMOTEX THZ OAXMATOMETPIALZ MAZAX MALDI-TOF XTH AIATNQZH TON AOIMQ=EQN ATO MYKOBAKTHPIAIA

Ta otehéxn mou avrikouv otnv opdda MTBC mpo-
KaAouv @upuatiwon, Aotpwdn véoo mou petadidetal
KUPIWG agpoyevwe amo ATOUO O€ ATOUO HECW PIKPWV
alwpoLuevwy cwpatidiwv. H mo cuxv poper Tng
vOOOU &ival N TIVEVHOVIKH QUUATIWON, EVW €EWTTVEL-
MOVIKEC €0TiEC Molpwew SnuioupyouvTal cuvnBé-
OTEPA UE AePPayyelaKkn SlaoTopd i KAT' EMEKTAON
loToU amo yertoviky BAAPN. TéToleg eival n QuuaTIW-
&n¢ Aeppadevitida, mevpitida, mepikapditida, n @u-
patiwon tou Kevtpikou NeupikoU ZUOTAMATOC, TOU
OUPOTTOINTIKOU, TOU S£PUATOC, TOU TTEPITOVAIOU, TWV
00TWV.2

Ta NTM eivat eupéwg Stadedopévol oto mepiBaihov
OATPOPUTIKOI KI EUKAIPIOKWE TTAB0oYOVOL UIKPOoOopYa-
VIopO( Kl armopovwvovTal and Hia TOoIKIAa Tnywv
omw¢ 1o €8agog, n okévn, TO VEPO, Ta HOAUCHEvVA
(wa. Ztov dvBpwro petadidovtal amd to mepiaiioy,
n petadoon amnod dtopo o€ dtopo mapatnpeital e€al-
PETIKA OTIAVIA KAl UTTOPOUV VA TIPOKAAEGOUV TOCO
TIVEUHIOVIKI 000 Kal e§wmVeUpoVIKA v600.3 Exouv ou-
OXETIOTEL pe NolwEELG 0TouG avBpwmoug mou ekdn-
AwvovTal W¢ TTVEUUOVIKEC AOIUWEELS, SEPUATIKEC AOI-
pwéelg, Aeppadevitideg ota maidid, OTWE Kal YEVIKEL-
péve Molpwielg, evw epgavifovtal oTo PeyAo TooooTO
TOUG O€ OVOOOKATECTAAUEVOUC aoBeveic.* Av Kal ou-
vAOw¢ ta pukofaktnpidia autd Bewpouvtal HOCOVOG
TTAO0YEVELAG, TTPOKAAWVTAG KUPIWG EVKAIPLOKEG AOL-
MWEELC, Ta TeENeUTaia XpOVIA Ol AOIPMWEEIC AUTEG aTTO
Ta NTM &x1 pévo €xouv auénBOei, alAd ol evtoTTioElg
TOUG OTOV avBpPWTIVO OpyavIioUo TTapouatalouv cu-
VEXWGE MEYOAUTEPN TTOIKIA(. AKON avOdIKA Og aplOuo
gival kat Ta mePLoTATIKA TETOLoU €i60uc AoluwEcwy o€
avoooemnapkn dropa.! Eva amd 1a XapaKTnploTIKA
kal mpoéoata mapadeiypata Aoipwéng ano NTM eival
N AITIOAOYIKH CUOXETION AOIMWEEWY UETA aTTO Kap-
SloxElpoUpPYIKEC eMeUPBATELS pe To Mycobacterium chi-
maera.

MapdAo mou ol pukoBakTNEISIAKEC AOIUWEEIC avTL-
petwmifovTal oTIC PEPEC MAG UE TN XPNON TNG KATAA-
AnAng avtipupaTikig aywyng, eéakolouvBouv va
amoteholv éva a&loonueiwto TMPOPANUa dnuooiag
UYEIQC TTOU TIPOKAAEL ONUAVTIKY vooneoTnTa Kal Bvn-
TotNTa. Na va emitevyBei taxeia évapén otoxeupévng
Bepameiac, wote va Pertiwbei n ékPaon Twv acBevwv
aAAd Kal va mpoAn@BOei n avantuén avOekTIKwy oTa
AVTIQUHATIKA PAPHAKA OTEAEXWY, N TAXEID KL AKPIBAG
Slayvwon Twv Aolpwéewy amd pukoPaktnpidla sival
KaBopIoTIKN.

2. H peodoloyia MALDI -TOF MS otnv tav-
Tomoinon Twv Baktnpiwv

O1 S100€01uEG EPYAOTNPLAKEC TEXVIKEG TAUTOTTIOINONG

META amo BeTIKN KAAMIEPYELD, OTIWC Ol BIOXNUIKES AVTI-
OPACELG, Ol OPLAKEG TEXVIKEC TTOANATIAACIAOMOU KAOE
gidoug (PCR, PCR pe avdotpopo uPpldlopod, KAT.)
KaBw¢ Kal ol TeEXVIKEG aAAnAouxiong KdBe gidoug
(sequencing moAamAwv yovidiwv, whole genome
sequencing, KAL), TOpOTI TTApEXOLV a&LOTIOTA ATTOTE-
Aéouata otnv Tautonoinon Twv PakTnpiwv ev Yével,
MEIOVEKTOUV Yia Ta Sedopéva TNS KABnUEPIVIC pouTi-
VaG TWV OUYXPOVWV KAIVIKWV gpyacTnpiwv. Etol ol
Bloxnuikég Sokipaoieg eival xpovoPodpeg kal Sev
epapuoletal oe 6ha Ta €idn, n PCR sival oxetikd
aKpIBn, evw 6cov agopd tTnv aAAnAoUxion amaltei
€€€16IKEVEVO TTIPOCWTTIKO KA APKETEC NUEPEC YL TNV
avaiuon Twv SeSOUEVWVY KAl ATTOTEAECUATWY, EVW TTA-
PANNAQ TO KOOTOC TNG €ival UPNAS.S

Ta teheuTaia xpdvia €xel eloaxBei ota UKpOoBIOAOYIKA
£PYAOTNPIA WG EVAG YPHYOPOC TPOTIOC TAUTOTTOINONG
TwV Baktnpiwv amd ta KaANEPYHHATA Toug N availuon
ME @acpaTtopeTpia palac Tou MPWTEIVIKOU TIPO@IA
Twv e€eTalopuevwy KUTTApwy. To mpo@i mou Aaupad-
VETAL CUYKpiveTal pe pia BiBAiodnkn pacpdtwy palwv
TTPWTEIVWV TTOU €xel SnUloupynOei TpoyevéoTepa UE
QacpaTopeTpia HAlag Tov EQAPUOCTNKE OE AvayVW-
PlOUEVA OTENEXN TA OTTOIO ATAV TAUTOTIOINUEVA HE
nPOTUTIEG PeBOSoUC avapopdc. H paocuatopeTpia pd-
{ag Tou XpNOCIPOTIOLEITAL OTNV MIKPOBIOAOYIK TIPOKTIKN
kaAeitat MALDI-TOF MS (Matrix-Assisted Laser De-
sorption/lonization Time-of-Flight Mass Spectrometry).
Oewpeital pla onpavTiky og a&lomoTia péBodog Tav-
Tomoinong Twv BakTnpiwy, e éva @dacpa avayvwpi-
OlPwV EI6WV aVWTEPO amo KABe AAANG pebdSou Tav-
Tomoinong, e€alpoupévou tou Sequencing.b To KUplo
mAeovékTnua tTnG MALDI-TOF MS eivat o e\dxiotog
XPOVOG TTOU anaiteital yia va Ang0ei To amotéAeoua
NG Tautomoinong aAAA Kal To XaunAd KOOTO¢ NG
e€étaonc ava Seiyua.

3. Texvikd XapaKTNPIOTIKA TNG peBodoloyiag
MALDI-TOF MS

H MALDI-TOF MS BaociCel Tn Aetitoupyia TnG o€ éva pa-
opatoypd@o pudlag mou amoteAeital amd Tpia Aertoup-
YIKA pépn: 1) pia nyn 16vTwy, n omoia Ba tovioel kat
Ba peTagépel Ta loviopuéva podpta Tou deiypatog otnv
aépla @aon, 2) évag avaiutig palwv mou Ba dlaxwpi-
0€1 Ta 16vTa avdloya He To TnAiko pada mpog popTio
TouG (M/z) Kat 3) i CUOKeLH avixveuong Twv Stayw-
PIOUEVWYV LOVIOPEVWY popiwv. Xtn MALDI-TOF MS
TIPOKOAEITAL «ATTIIOC» LIOVIOUOC, YEYOVOC TTOU ETITPETIEL
TOV OKEPALO LOVIOUO Kal TNV €§ATUION HEYAAWY, 1N
TITNTIKWV Blopopiwy, OTTWG ot TPWTEIVEC.

H Siadikacia Eekivd pe Tnv TomoBétnon tou deiypa-
TOG TOU KAANEPYNUEVOU UIKPOOPYAVIOHOU OF HIa JIE-
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TOAIKN TTAAKA i} TAGKA piag Xprong. To dgiypa KaAv-
nitetal pe €101k6 StdAupa mou ovopddletal matrix
(uATPQ), TO omoio kpuoTtalomoleital padi pe To Sei-
YHa. MeTd TNV KpuoTtaAlomoinon Tou matrix Kal Tou
MiKpoBakoU Seiypatog, n MAAKA €l0AYETAL OTO PA-
opatoypd@o pdlag émou déxetal BoAég ouvTOUWY
maipwy laser, cuvnBéotepa and laser alwtou. To ma-
trix amoppo@del evépyela and to laser yeyovog mou
TIPOKAAE( ekpOPNoN TwV Blopopiwy Tou dsiypatog ta
omoia otn ouvéxela e€atpiCovtal ki oviovtal oTnv
agpla @aon. Autd Ta LOVIOPEVA POPLa apXIKA EMITA-
XUvovTal Slapéocou evog NAeKTpooTaTIKOU TTeSiou Kal
OTN OUVEXELA EKTIVAOOOVTAL SIAUECOU EVOC METANL-
KOU OWARVA 0 OTT0I0C UTTOKELTAL O€ KEVO A€POC, WOTE
va tov SlatpéEouv PEXPL VO PTACOLV OE évav avl-
XVeuTn. Ta pikpoTepa 16vTa KivouvTal ypnyopoTtepa
amd Ta PEYAAUTEPA HECA 0TO OWARva Kal eOdavouv
OUVETIWG TaXUTEPA OTOV avixveuTn. O XpOvog mTHong
(Time-of -Flight, TOF) mou amartteitat yia va ¢8dcouv
otov avixveuth e€aptdtat amo tn pada K amd to gop-
Tio Twv 16VTWV Tou BloavallTn Kl gival avaloyog TG
TETPAYWVIKNG pifag Tou mnAikou m/z. Emopévwg ta
16vta Twv Blopopiwyv mou ATav pépog Tou Seiypatog
Kt £xouv Sla@opeTikd m/z Siaxwpifovtal Ye Tnv mapa-
mavw péBodo avaloya pe To TOF Toug kat Snuiouvp-
yeital étol éva paopa palwv to onoio xapaktnpiletal

anmod 1o m/z otov Afova Twv X Kal TNV éviaon Twv 16-
VTWV, TTOU Eival 0 aplOUOC TwV IOVTWY CUYKEKPIUEVOU
M/Z TIOU «XTUTTOUV» OTOV AVIXVEUTH OTOV Afova TwV Y.
To @aopa palwv Aoimoév Tou avaludpevou Seiypatog
OUVOETOUV KOPUEPEC M/Z SlaPOPwWV EVTACEWY TTOU
aAmmoTEAOLUV TNV UTTOYPAPr] TOU PIKPOOPYAVIGHOU OTO
avalvopevo Seiyua, kaBott gival povadiko yia 1o
€ido¢ Tou pIkpoopyaviopoU (Eikéva 1). Autd to pdoua
padwv Twv Blopopiwy, TPwTEIVWY Katd Bdon, Tou ee-
Ta{opevou PO TauToToinon pikpoRiou cuykpivetal
ME yvwotd @daopata palwv mpdTura TAuTOTTOINHEVWY
MIKPOOPYAVIOUWVY Ta OTToia €ival EVOWUATWUEVA OE
pla Baon dedopévwy tou avaiuty MALDI-TOF MS,
WOTE AV TAIPLAEEL UE KATTOLO OE IKAVOTIOINTIKK OOAO-
yia, va yivel kat’ auTtév Tov TPOTIO N avayvwpLior Tou
o¢ eminedo yévoug Kal eidouc.

4. H gpappoyn tng MALDI-TOF MS ota
HUKoBaktnpeidia

4.1 l'evika otoiyeia

Mia péBodog tauvtomoinong cav tnv MALDI-TOF MS,
ATav eLAoyo va BewpnOei TwWC pe TN Xprion TNG 0TV
avayvwplon Twv pukofaktnpidiwy, 6a mpocépepe
véeg OuVATOTNTEG yla TaxUTEPN Kal akplBéotepn did-

Ewovo 1

ATEIKOVIOT TNG TEYVIKNG
MALDI-TOF MS.

TInyn: Croxatto A,
Prod’hom G, Greub G. Ap-
plications of MALDI-TOF
mass spectrometry in clini-
cal diagnostic microbiol-
ogy. FEMS Microbiology
Reviews 2012;36:380-407.

Flight tube

Laser
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with analytes

— Detection
[ A
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ionization
(MALDI)

VOL. 68 @ |SSUE 4, October-December 2023



EOAPMOTEX THZ OAXMATOMETPIALZ MAZAX MALDI-TOF XTH AIATNQZH TON AOIMQ=EQN ATO MYKOBAKTHPIAIA

YVwon Twv AolpwEEWVY TTou TTPOKAAOUVTAL ATTO TA ON-
pavTikd autd maboyova pikpofia. H didkpion petaduy
plag Aoipwéng amd pukofaktnpidia tou MTBC kai
pag armé NTM givatl onpavTiko va yivel 600 to Suvatov
OUVTOMOTEPA Kal PE akpifela, Adyw NS S1aPOopPETIKAC
aywyng mou mpémel va AdPouv ol acBeveic oe kABe
TMEPIMTWOoN. XTIC BACIKEC £pyaoTnplakéC pueBodouc
Tavtomoinong pukoBaktneidiwv amo BETIKO KaAAIEp-
YNHa TToU €XOUV XPNOLOTIOINOEI AVIKOLV Ol CUUBATIKES
(PAIVOTUTTIKEG Kal BloxnUIKES pEBoSoL, OTWE Kal Xpw-
paToypagIkéC péBodol. H uypr xpwuatoypagia upnAng
miieon¢ (HPLC) Twv pukoAkwy o&éwv Twv HUKOBaKTN-
p1diwv BewpnBnke kat péBodog avagopdc. Qotoco,
€Xouv eyKATOAEWPOE] OriuEPa WG KOTMWOELG Kal XPOo-
VOPOPEC TEXVIKEC KL EKTEAOUVTAL OVO OE EPYAOThPla
ava@opdc. AKOUN N avoooxpwuatoypa@iki nébodog
avixveuong tou avttyovou MPT64, n omoia epappoletal
o€ BeTIKA yla pukoPaktnpidia kaAAiEpyela T6oo amd
uyp6 0600 Kal amd oTePed UAIKO PECO, €ival TEXVIKNA
TTOU TTIPOOPEPEL Ypryopn S1AKPLoN TwV HUKoPBakTnPl-
Siwv tou MTBC amd ta NTM, wotoco Sev Tapéxel
Kapia emmAéov tautomoinon og eninedo gidoug Tou
e€etalopevou Seiypatoc. Amd tTnv AAAn mMAeupd ol ve-
OTEPEC MOPIAKEC TEXVIKEC UE TN XPrION TNG AAUCIOWTAG
avtidpaong moAupepdonc (PCR), £xouv PEPEL CNUAVTIKH
ENATTWON TOU ATTAITOUMEVOU Xpodvou Sidyvwonc. Ot
SoKIpaoieg poplakig avixvevong Paciovtal otnv
gvioxuon €101KwV yla Ta JukoBaktnpidla yovidlakwy
otoxwv. EupUtata xpnotpomoloUpevn gival n LOPLaKNA
TavTomnoinon Twv pukoBaktnpidiwv pe pebodouc ava-
OTPOPOUL UPBPISIoUOY, YVWOTEG WG Line Probe Assays.
Epapudlovtal oe KaMEpyNUaTa, OTTOU KATOTIV €K-
XUAlong tou DNA twv pukofaktnpidiwy, evioxvovtal
TUAMATA Tou péow PCR pe 0€0NUACHEVOUG EKKIVNTEG,
KAl 0TN ouVéxela akoAouBEei UBPISIOUOC Ue akivnToug,
SeOEVUEVOUC OE TAIVIEG VITPOKUTTAPIVNG IXVNOETEC.
Ynidpyouv Slabéaotpeg epmopikd Sidpopeg TéToleg So-
Kipaoieg mou Sivouv tn duvatdtnta Tautonoinong
Twv MTBC 600 kat apketwv NTM pukofaktnptdiwv.
Y& autd To undpyov medio n texvoloyia MALDI-TOF
MS €pxetal va mpoo@Epel pia Kavoupla eVOANAKTIKA
TTPOCEyylon oTn SIAyvwon AuTWY TWV TTAVTA EMIKAIPWY
Motpwéewv. Me ta meploTatikd Aolpwéewv amd NTM
va avfavovtal Babuiaia maykoopiwg, n TaxutePn Ki
EYKUPOTEPN TAUTOTTIOINON Kal O SlAXWPICHOG TOUG
amd 1a MTBC pukofaktnpidia pmopei va BeATiwoel
TNV QVTIHETWTTION TwV acBevwy epapuoélovtag Tayv-
TEPA TNV KATAAANAN YIO TO CUYKEKPIUEVO €i60C HUKO-
Baktnpidiov @appakeuTIKA aywyn.

H epappoyn tTng¢ MALDI-TOF MS otnv tautomoinon
TWV HUKOPBAKTNPELIOIWY €PXETAL AKOUN AVTILETWTIN ME
TIPOKANOELC, Ol OTTOIEC TIPOKUTITOLV £€AlTiOC TOU apyou
pLBUOU avantuéng TN MAsloPNPiag Twv PUKOBAKTN-
p1&iwv, Tou OXETIKA XauUNAOTEPOU aptBoU piBoowil-

KWV TTIPWTEIVWV TTOU TIEPIEXOUV OE CUYKPLION HE AANA
MIKPOB1a, aANd Katd KUplo AOyo e€alTiag Tou KuTtapl-
KOU TOUG TOIXWHATOG TO OTTOI0 €ival mayy, TTUKVO Kal
KNPwOEG. AkOUN yla Tn Xprion Tng uebddou anarteital,
yla TOV ao@aln XElpIopd Toug, N adpavormoinon Twv
Selypdtwy ta omoia gival umonta yia MTBC kat NTM
Mukofaktneidia, emopévwe kat SuvnTikAa LPNAWC po-
Avopatika.?

4.2 Adpavomoinon Twv pukofaktnpidiwv yia Ao6-
youg Bloac@aleiag

O XEIPIOUOC KAIVIKWY SEYUATWY TTOU TTIEPIEXOLV [U-
koPBakTtnpidia eyeipel Bépata Ploacpdalelac. Emeidn
Oev gival eUKONO va ATTOKAEICOUUE OTL 0TO 610 deiypa
pmopei va cuvundpyouv pukofaktnpeidla tooo tou
MTBC 600 kat NTM, n o0otaon gival va e€aagaliCeTal
emnimedo Bloaopdhelag 3 (BSL 3) étav 1o mpoowTikod
KAWVIKWV gpyaotnpiwv xelpiletal deiypata pe ofed-
vToxa pukoBaktnpidia. Na va xpnotpomotnBouv autd
Ta Seiypata yia mepAITépw avAAuon PE OKOTO TNV
Tavtomoinon Twv pukoBaktnpidiwy, 6mwe oTnv Mepi-
nmtwon mou Ba emixelpnBei n epappoyr Tng MALDI-
TOF MS texvohoyiag, Ba mpémel apyikd va adpavorol-
nBolv, WwoTte Pe ao@AAela va peTagepBolv oTo
XapnAotepo emimedo Bioaogdieiag 2 (BSL 2) mou
EPapPOleTal ouVHBWC OTOUC UTTOAOLTTOUG XWPEOUG TOU
gpyaotnpiouv. MéBodol mou €xouv mpoTtabei kal Xpn-
olpomolovvTal ival n adpavoroinon Twv HUKOBaKTN-
p1diwv pe Oépuavon, A Kal n EMWacn JLag UIKPAG 1o-
ooTNTaC TWV Paktnpiwv o didhupa alBavoing 70%.
OswpouvTal kat ot SUo acpaleic Tpomol adpavoroi-
nong toco Twv MTBC 660 kat twv NTM.”

e mpbo@ata SNUOCIEVUEVN EPELVNTIKI TOUC UE-
Aétn ot Wang kal ouv. (2021) é8ecav w¢ otdxo TNV
a&lohoynon tn¢ Bloac@dielag mou mpoo@épouv dia-
QOPETIKA TPWTOKOANA yia TNV adpavomoinon tou M.
tuberculosis pe Béppavon. H epguvd Toug amédel€e ot
oTta oteNéXn M. tuberculosis ota omoia epapudoTNKe
n diadikacia adpavomoinong pe Bépuavon oe éva
Bepuikd pmAok eite otoug 80°C yla 90 Aemtd, eite
otoug 95°C yia 30 Aemtd, mapouvcialav cuveXWwS Ta
VYPNAGTEPA OKOP OTNV TAUTOTIOINOK TOUC ME TNV
MALDI-TOF MS avdAuon (log score >2,0) pe 1o MALDI
Biotyper (Bruker Daltonics, 28359, Bremen, Germany).
Ta amoteAéopata TNG €peuvag evioxuoav TV mapa-
boxn 6t n Sadikacia adpavomoinong auTr Tou aKo-
AouBnoav ATav amoTeEAECUATIKN 0TNV eMITELEN KAAAG
Bloac@dielag katd Tov XeIPIopo Twv e€etaldpevwv
otehexwv M. tuberculosis.®

4.3 Mé0odot mpoetolpaciag Tov deiyparog puko-
Baktnpidiwv yia MALDI-TOF MS avalvon

‘Exouv neptypagei otn BipAloypagia Sidpopeg Kavo-
TouEC péBodol Mpoepyaciag Tou SeiyuaToc, ol omoieg
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€XOUV WC TENIKO TIPOIOV TO EKXUAICHUA TWV TIPWTEIVWY
TWV HUKOBaKTNEISiwY O IKAVOTIOINTIKA EMAPKN TTO-
06TNTA, TO OTTOI0 Kal XpnoloToleiTal yio avaiuon e
MALDI-TOF MS. H poetolpacia Tou Seiypatog puko-
Baktnpidiwv mou Ba avaAubei yivetal xpnotuomol-
wvTag Plopdla amod pukoPaktnpidia mpoepxdueva
amd KaANEPYELEC O OTEPEA KAANIEPYNTIKA Héoa. Eival
pédAloTa Suvath Kal n XPrion MUKOBakTneIOIaKWY KUT-
TAPWV TIOU avamtuxOnkav og vypd KAAALEPYNTIKA
HEOQ, OTIWG TO EUPEWG XPNOLHMOTTIOIOUUEVO CUOTNA
BD BACTEC MGIT Automated Mycobacterial Detection
System mou Baociletal oto cwAnvdplo Mycobacteria
Growth Indicator Tube (MGIT) mou enwdadetal otov
KAiBavo BACTEC MGIT 960 System (Becton Dickinson,
East Rutherford, NJ) kat To omoio Baciletal otnv av-
TOpATN avixveuon tng katavaiwong O pe Bdon tnv
texvoloyia avixveuong @Bopiopou. H duvatotnta va
epappoletal n diepyacia yla Tnv eKXUALON TWV TIPW-
TEWVWV a1TO TO UAIKO BETIKWV UYPWV KAANEPYEIWV TTOU
ENMNWAOCTNKAV OE QUTOMATOTIOINMEVA CUCTAMATA ME
OKOTIO TNV EMAKOAOUON avAAluon Tou eneéepyacpévou
Seiypatog pe MALDI-TOF MS emitayuvel o€ peydho
abuo v Tavtomoinon Twv PUKOBAKTNEISIAKWY OTE-
Aexwy, Ki dpa t Siayvwon.®

Ot Alcaide kat ouv. (2018) €xouv Kavel pia a&lohoyn
Kal TIEPLEKTIKA ONUOOCigVoN-avaokomnong Twv Slago-
peTikwv dlabéoipwy pebddwy enefepyaoiag Twv Sel-
YHATWY HUKOBakTNEISiwy yia v emakdAoudn avaiuon
Toug pe Tnv MALDI-TOF MS Tig omoieg xpnotuomotouv
TA KAIVIKA €QYAOTRPLA ETT{ TOU TTAPOVTOC.* ZUUPWVA UE
auTtny, KUplog oTtoxog TG Sladikaciag mposTolpasciag
Tou SelyHaToc gival N 0XAoN TOU KUTTAPIKOU TOIKWHATOG
TWV HUKOBAKTNPEISIWY XPNOWUOTTOIWVTAG XNUIKES KAl
MNXOVIKEG HEBGOOUC, KAl 0TI CUVEXELD N EKXUAION TwV
TIPWTEVWV XPNOILOTTIOIWVTAC QOPUIKO 0&U Kal AKETO-
vitpiAio. H oxdon tTwv HUKoBaKTNEISIOKWY KUTTAPWY
EMTUYXAVETAL E(TE PE TNV EQAPUOYN UTIEPHXWV OTO
Oeiyua, gite pe tnv avadsuon Ttou deiypatog padi pe
opalpidla Ta omoia ePAaPUOloUV UNXAVIKEG SUVAELG
oTa KUTTapQ, €ite pe évtovn mepidivnon Tou deiypatog
mapoucia opaipidiwv uprtiou (Ekova 2). To pwtdkoMo
ene€epyaoiag mou meplypA@ouV ol CUYYPAPEIC, EEKIva
ME TNV amaln emavaiwpnon 1 gl amo tn pukoPaktnpl-
Siakn Bropala mou AapPBdvetal amd to KAANEPYNTIKO
péoo og 300 L ameotaypévou vepoU. Ta pukoBaktnpidia
adpavorolovuvtal pe Béppavon o Enpd udatdAouTpo
otoug 95°C yia 30 Aemtd Kat Katomiy mpooTiBetal ailba-
VOAN HEXPL TENIKNG OUYKEVTPWOEWC 75%.

Ewova 2

My
ZYMUOTIKY OTEKOVIOT| TNG
Swdwoaciog eneepyaciog

L Hénl-inactlvatlon at 95°C for :!TCI minutes
. Addition of ethanol to 75%"

ded gently in 300 pl dH20

. Centri

oV detypotog pvkofo-

[ R RN

and th gh r 1 of eth
. Allow the pellet to dry
. Addition of 10-50 ul of acetonitrile and 10u! of 0.5mm Zirconia/Silica beads™*

KTnpwiov yo Tovtomoi-

nomn pe MALDI-TOF MS.
*To npmtdKoAL0 TG Oporvd-
o1NG TOL dElYHOTOG IE GPUL-
pidua cuveyilel amd avtd o
Prina.

**To cpapidio
Qproviov/mupitiov propovv
vo avtikatastadovy and
YudAwvo cearpidia.

IImyn: Alcaide F, Amlerova
J, Bou G, Ceyssens PJ, Coll
P, Corcoran D, Fangous
MS, Gonzalez-Alvarez I,
Gorton R, Greub G, Hery-
Arnaud G. How to: identify
non-tuberculous Mycobac-
terium species using
MALDI-TOF mass spec-
trometry. Clinical Micro-
biology and Infection.
2018;24:599-603.
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SONICATION MycoEX BEAD-BEATING
L. Vortex for 5s I.  Vortex for 1 min I Add 10 plof
Zirconia/Silica
. Sonicatefor 15 Il Add 10-50 pl 70% beads**
min Formic Acid
ll. Bead-beatfor 1 min
. Add 10-50 pl 70% lll. Vortex for10s
Formic Acid lil. Transferthe liquid
IV. Centrifuge atmax to a clean tube
V. Vortex for10s speed for 2 min
IV. Centrifuge at max
V. Centrifuge atmax V. Pipette 1 plof speed
speed for 2 min supernatantonto
the MALDI target V. Remove the
VI. Pipette 1 plof supernatant
supernatantonto Vi. Allow to dry thoroughly and
the MALDI target allow the pelletto
VII. Cover with 1 pl dry
Vil. Allow to dry HCCA matrix
VL. Add 5-10 pl Formic
VIil. Cover with 1 pl Acid
HCCA matrix
VIl Incubate 5-10 min
Viil. Add 5-10 pl
Acetonitrile
IX. Vortex for20s
X. Proceedasin IV
from the MycoEX
protocol
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To MPpWTOKOANO UTIEPAXNONG OTTOTEAEL TO TTPWTO
and ta Tpia BActkd TPWTOKOAA TTOU TTEPLYPAPOUV Ol
Alcaide kat ouv. (2018). Z0ppwva pe autd, n dadika-
oia mpoetolpaciag Tou Seiypatog Twv HUKoBakTnPl-
Siwv yia Tnv MALDI-TOF MS ouveyiCel pue Tn @UYOKE-
vVIPNON ToU SEiYUATOC OTIG PEYIOTEG OTPOPEG KAl UE
N 61e€081KN Kal AR pn amoudkpuvaon TnS alBavoinc.
To Briua TnG amopdkpuvong TnS albavoing eival on-
MavTIKO Yia va An@Bouv katdmiv uPnAng moldtnTag
TMPWTEIVIKA @dopata palwv. To {{nua pe TN popen
opalptdiou a@rVeTal TOTE VA OTEYVWOEL KAAA WOTE
va e€atpioTei kdOe ixvog alBavonc. Ev ouvexeia mpo-
oTiBevtal aketovitpidlo kat 0,5mm o@aipidia {ipko-
viou/mupttiou f yudAiva o@aipidla, kal To peiypa me-
pdwviletal ylia 5 deutepolenta. AkohouBei éva
15\ento otadlo umeprixnong Héoa o€ €va amiod uTe-
PNXNTIKO USATONOUTPO UE UIa HOVADIKY €VTaON UTIE-
pnxnonge. Emeita mpooTiBetal 70% @opuIkd 0&U, Kal
To SOKIHAOTIKO cwAnvaplo oto omoio yivetal n Siadi-
Kaoia mpoetolpaciag tou Seiypatog mepidividetal Eava
yta 10 SeuTePOAEMTA Kal YiveETal pia TEAEUTAIQ (uyo-
KEVTPNOT) TOU YIa 2 AEMTA 0TN HEYIOTN TaxUTNTa. XTNV
OULVEXelD, 1 I ammd To UTIEPKEIUEVO, TTOU ATIOTEAEL TO
TEMKWC AapBavopevo ekXUNOUA HE TIC PUKOBOKTN-
PISIOKEC TIPWTE VEC, TOTTOBETEITAL OE pia B€on TNG UeE-
TOAMKAG HIKpoTAdKaG Tou MALDI, aprvetal va ote-
yvwoel KoAd kat koAumtetat pe 1 pl matrix
a-Kuavo-4-udpo6&u-kivwapwuikd o (HCCA). MoAlg
oteyvwoel 1o deiypa gival €Tolpo va TormoBetnBei otov
MALDI-TOF MS avaAuTh.'°

To mpwtdkoAo avdadeuvonc pe ogalpidla gival To
SelTEPO MPWTOKOANO, 610U TO Seiypa avadeveTal e
opalpidla wote va emteuxOei KAAUTEPA N PNXAVIKH
PNEN TwV LUKOPBAKTNPEISIOKWY KUTTAPIKWY TOIXWUA-
Twv. ZTNV mPA&n, n apxikn dtadikacia mpostolpaciag
Tou Seilypatog ouveyiletal o€ AUt TNV TTEPITTWON HE
Vv mpooBnkn 10 ul opaipidiwv (ipkoviou/mupitiou
Kal ta PakTtrpla avadevovTal e auTd yia €va AETTO,
XWwpPIc va éxel Opwe agatpedei n alBavoin. Katdmiv 1o
VYpPO evalwpnUa LETa@EpeTal o€ KaBapd SOKIUAOTIKO
OWANVAPLO KAl PUYOKEVTPEITAL OTIC EYIOTEC OTPOPEC.
AoV apalpebei To unepKeipevo MANPWCE, Kat To i{nua
uTIo op®N oealpldiou oTeyVWOEl, akoAouBoulvTal Ta
enopeva Brpata ekxVAIONG Twv TPwTeivwv. MpwTta
TpooTiBeTal poppikéd oL KL agriveTal va ENWAOCTEI yla
5-10 Aenrtd. Ev ouvexeia, mpooTiBetal kal akeTovITpi-
Alo. To cwAnvdpto mepidvietar yia 20 Ssutepoenta
Kl AKOAOUBEL pUYOKEVTPNON 2 AEMTTWVY OTN MEYIOTN Ta-
xutnta. To TeheuTaio Bripa eivat ki €dw n AqYn 1 pl
and 1o UTTEPKEipEVO Kal n avduor tou ue MALDI-TOF
MS, agou oteyvwoel Kal KaAu@Oei pe 1 pl amé HCCA
matrix emavw otnNV PeTAANIKA TTAdKa."

TéNog, To TMPWTOKOAMO MycoEX mpoépyetal amd
TOuG KataokevuaoTteg Tou MALDI Biotyper Tng etatpeiag

Bruker Daltonics. Z0p@wva pe autod, akolouBeital n
apxIKA epLypagopevn dtadikaoia Ue agaipeon Tng at-
BavoAng Kat Katomiy yivetal pooBrikn akeTovitpiAiou
Kat o@atpidiwv {ipkoviou/mupttiou, Pe eMakOAouON Tie-
p16ivion didpkelag evdg Aemtou Tou cwAnvapiou mpo-
etolpaciag tou Seiypatoc. Mapopoiwe pe Ta
TTPONYOUEVA TTPWTOKOANQ, TTPOCTIOETAL POPLKO OEL
70%, petd akohouBei mepidivion 10 SeuteporénTwy
KAl pUYOKEVTPNON 2 AeMTWV 0TN HéyloTn TaxuTtnTa. Te-
AKA 1 pl amd 1o unepKEiEVO EKXUMOUA XPNOIOTIOL-
E(Tal KAl O€ AUTH TNV TTEPIMTWON HE UTIEPKAAUYPT TOU
a6 1 pl HCCA matrix, agou €xel OTEYVWOEL, YIa VA YiVEL
avdhuon pe Tnv texvik MALDI-TOF MS.'?

Avtiotolxa n etalpeia bioMérieux yia to Vitek MS
oLOTNUA TNG EXEL avapépel Tapodpota Stadikaoia mpo-
eTolpaociag Seiypatog, Ye evaiwpnon tou Seiyuatog
TwWV pukoBaktnpidiwv oe didAupa alBavoAng mou
akoAouBeital amod pnxavikn prén Tou KUTTapikou Tol-
XWHOTOC XpnoluoTmolwvtag opalpidia mupitiou. Ta
ako6ouBa kal otnv mapamdvw Siadikacia Bripata yia
TNV €KXUAION TWV TPWTEIVWV gival n mpooBrikn @op-
MIKOU 0&€0C¢ Kl OKETOVITPIAIOL.">* ZnUEWVETAL TENOG
otLamd tn otiyur mou to deiypa Ba adpavormolinBei, ot
Xpovol mou xpetdfovtal yia ti¢ Stadikaoisg Tng umepn-
XNONG, TOU XTUTTHATOC UE Ta o@aipiSia Kal Tou Tpw-
TokOMOoU MycoEX eival avtiotolxa 40, 45 kat 30
Aemtd.A

5. Kpitpla epunveiag yia tnv tavtomnoinon
TwWV pUKofBaktnpidiwv pe tnv MALDI-TOF MS

Ta 18laitepa BLoAoYIKA XAPAKTNPIOTIKA TWV HUKoPa-
KTNP1Siwv, 6Twe avagépOnke, éxouv oTabsi wg pe-
Y&An mpokAnon yla tnv texviky MALDI-TOF MS, kaTt
mou &€ Ba pumopoUuoe va pnv amotunwBei kat ota gp-
MNVEUTIKA KPITAPLIA TWV TIHWV Yla TNV TAUTOTIoINoN
TouG. Etotl howmdv yia 1o ovotnua MALDI Biotyper
(Bruker Daltonics) n tipn log (score) mou €ival mapa-
OeKTr yla Tautomoinon uPnAng a&lomoTiag Twv HUKo-
Baktnpidiwv éxel kabiepwBei oTo >1.8 avti Tou >2.0
TTOU XPNOIUOTIOLE(TAL YIa TA TIEPIOCOTEPA PakTnpidia,
Kal n Tipn 6pto (cut-off) yia tn xaunAng aélomotiag
Tavtormoinon gival oto =1.6 avtitou = 1.7."° lNa 1o b€
Vitek MS cUotnua tn¢ bioMérieux To Katw@AL yia TV
a&lomotn Tautomoinon o€ emimedo €idou¢ €xel kabie-
pwBei 010 >90% Yyla Ta pukoPBaktnpEidla, av Kal TIUES
score avapeoa oto 80% K1 90% yivovtal emiong armo-
OeKTEC oAV AIOTIOTEG. ATTOTENEGATA TAUTOTIOIOEWY
avAapEeoa o€ TIHEG 60% Ki 80% OewpouvTal WS XAUNANG
EUTTIOTOOUVNG Kal a&loTToTIOC Kal iow¢ avtamokpivo-
vTal povo oe enimedo yévouc. Evw amoteAéopata pe
TIMA score KATw amd 60% &g BswpouvTal aflomota
yla TNV TauTomoinon Twv pukofBaktneidiwv.'®
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APKETEC PENETEC £XOUV CUMPWVAOEL ETTi TOU TTAPO-
VTOG OTL AUTA TA XOUNAOTEPA KATWPALA TIHWV score
yla tTnv tauvtomnoinon Twv pukoBaktnpldiwv pe TN
MALDI-TOF MS egivat mmo KatdAAnAa yla autoug Toug
MIKPOOPYAVIOPOUC, KABWE Tapatipnoav e autd au-
Enuévn ouxvoTNTA TAUTOTOINONG TOUG, EMOMUEVWG
€ival dSuvatov va xpnoloTToloUVTAL ATTOTEAECUATIKA.*
Mia apketd mpdogatn dnuoocicuon amd touc Rodri-
guez-Temporal kat cuv. (2020) TPOTEIVE TO KATWQAL
yta tTnv vPNnARC alomoTiag TauTomoinon TWV HUKO-
Baktnpidiwv va tebei 010 22.0 . Q0TdOO, ONUEIWVEL
WG TO €VPOG TIHWV score amod 1.60 €w¢ 1.99 Arav
€yKupo yla oxedov OAa ta €idn pukoPaktnpidiwy mou
avéluoav ol gpeuvntég, pe e€aipeon ta Mycobac-
terium angelicum, Mycobacterium parascrofulaceum,
Mycobacterium peregrinum, Mycobacterium porcinum
kat Mycobacterium gastri, Ta omoia amairtovoav vPn-
AOTEPEC TIPEC score =2.0."7

‘Etol Aowmdv yivetal Katavonto Twe SV €Xel OUO-
PWVa OPIOTEL €va TTAYKOOUIWG amodeKTO KATWPAL
TILWV TTOU Va akoAouBeital aveéalpéTw e yia TNV Epun-
veia TN Tautomoinong Twv Sla@opwv EI6WV TWV Hu-
koBaktnpidiwv pe tnv MALDI-TOF MS. Avau@ifoha,
Kal AANEC TPEXOVOEC Kal LEANOVTIKEC peNETeC Ba Bon-
Brioouv 01O va eKTIUNBOUV KAAUTEPA TA KPLTHPLA £P-
pNVveiog Twv TIMwV score mou Aapfdavovtal cav
amoteAéopata Tng MALDI-TOF MS avdAuong o€ oTe-
Aéxn pukoBaktnpidiwv. Me Tov Tpomo autd Ba emtuy-
¥Aavetal n akpiféotepn duvatn tauvtomoinon Twv
MUKOBAKTNPEISIAKWY €I0WV XPNOILOTIOIWVTAS KOIVA
KPITAPLO EPUNVEIAC TWV TIHWV score o€ OAd Ta KAIVIKA
£pyaoTnpla.

6. Baoeig dedopévwv pacudtwy palwv
puKoBakTnEISiaKwy E16WV

To Bepéio oto omoio otnpiletal n Tautomoinon Twv
pukofaktnpeidiwv pe Tnv dtadikacia MALDI-TOF MS
eivat ol Bdoelc bedopévwy (databases) mou amotelolv
BiBAoBrkec amoBrikeuoNC PACUATWY AVAPOPAC TTOU
avikouv o€ yvwoTtd €idn. H diadikacia péow tnC
omoiag Ba yivel n avayvwplon tou gidouc pukoBaktn-
p1diov Tou e€eTaldpevou deiypatog, mepapPdavel
oUYKpPLoN TOU pdopatoc mou Ba amokTnOsi péow NG
avAaluonc Tou pe ta SlaBéoipa @aopata pukoBaktn-
ptOlakwv €18WV TN XpNotpomololpevng Baong dedo-
MEVWV. H oUYKpIoN auTr EMITUYXAVETAL JE TN XPHON
alyopiBuou mou epapuoletal amd To AOYIOHIKO TToU
Bpioketal evowpatwuévo otov avaiutri MALDI-TOF
MS. Eival katavonto 6Tl 6060 HeYaAUTEPN O €VPOC
€ival n EKTIPOOWTTNGON KAAG avayVWPIoUEVWY QACUA-
TWV HUKOBAKTNPISIOKWY E16WV KAIVIKOU gvilagépo-
v1o¢ otn Bdon dedopévwy Tou xpnotpomoleital, TOoo
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mBOavoTepn ival n aflomoTn TavTonoinon HeyalUTe-
pou aplBuoU Twv e€eTaldueVWY HUKOBAKTNPISIOKWY
OTENEXWV.

Ot KaTaokeuaoTéC Twv TMo Stadedopévwy cuoTn-
patwv MALDI-TOF MS @povTi{ouv WoTe va EMEKTEIVO-
VTdl OLUVEXWC Ol Pdoelg dedopévwv e Kavoupla
TTPOPIA PACUATWV AVAPOPAS, e GKOTIO va KAOAUYOUV
Ta €(6N PIKPOOPYAVICHWV HE KAIVIKA onpaoia. H mpo-
00euTIKA auéavopevn TTOLKIAQ TwV TTPOTUTTIWY PACHA-
TWV UIKPOOPYAVIOUWV OTIC BAoelg dedopévwy €XEl
EM@EPEL TA TEAEUTAIQ XpOvia avénon Ttou aplBuoul
TWV TAUTOTIOICEWV OTEAEXWV ATIO KAWVIKA Seiypata
o€ eminedo €idoug, 1 €0Tw yévoug, OTTwC SIATTIIOTWVE-
TAl OTN POUTIVA TWV KAIVIKWY £pyactnpiwv mou dia-
Bétouv avaiutr) MALDI-TOF MS.°

AUTOC 0 TIPOOJEVTIKA AUEaVOUEVOC LE TO TTEpACA
TOU XPOVOU aplOUOG ACUATWY avAPOPAG, AVTIKATO-
TITPIOTNKE Kal OTIC Epmoplkd Slabéoipec Baoelc dedo-
MEVWV TWV HUKOPAKTNPIOIOKWY QACHATWY. XTNV
mhateoppa tneg Bruker Daltonics n ékdoon 3.0 Tn¢
Bdaong dedopévwyv (Mycobacteria db v3.0) mepteAap-
Bave 853 MPO@I\ MPWTEIVIKWY QACUATWY amo 149
SlagpopeTikd €idn pukoPaktnpidiwv to éto¢ 2015. H
ékdoon Mycobacteria Library v 5.0 mou Bynke 61a6¢-
olun otnv ayopd to 2017 avTimpoowneLEL pia Onpa-
VTIKN BeATiwon pe éva oUVOAo 912 TPpo@iA paouaTwWY
TTPOEPXOUEVWVY amd 164 €idn pukoBaktnpidiwv. H te-
Aevtaia Baon dedouévwy Tng Bruker Daltonics yia 1o
MALDI Biotyper eivat n Mycobacteria db v6.0, 61a6¢-
olun amd 1o 2019, pe ouvoAikd 1.038 @douata amd
178 Sla@opeTikd €idn pukoPaktnpidiwy.'*

7. Mepropiopoi tng MALDI-TOF MS otnv tav-
Tomoinon Twv pukofaktnpediwv

Ot meploptopoi mou akdUN amaviwvTal givat n adu-
vapia tng MALDI-TOF MS texvoloyiag va Slakpivel
ATTOTEAECUATIKA BACEL TWV TIPWTEIVIKWV QACUATWY
Toug, €i6n pukofaktnpldiwv ta omoia éxouv MOAU
OTEVH QUAOYEVETIKI| CUOXETION METAEL TOUC. YTdp-
XOUV OTO Y€VOG TwV HUKOPBaKTNPLSiwv opddeg e1dwv
mou mapouatdlouv LPNAN YEVETIKN opoloTnTa. To Ye-
yovoc autd avtikatonTpileTal kal ota mapayousva
amé autd Ta €idn @dopata 6tav availovTal PE TNV
MALDI-TOF MS. Ta @douata autd yla TIC aVAAUTIKEC
IKavOTNTEG TNG peBodou BewpouvTal TavopoloTuTa.
Emopévwg kATl TéTolo Sev emtpémel TV opO TauTto-
moinon oe eminmedo €idouc.

Ta €ibn ta omoia katatdoocovtal cto MTBC mepl-
Aaupavouv ta M. tuberculosis, M. africanum, kat ta
oxeti{oueva pe (wa M. bovis, M. caprae, M. microti, M.
pinnipedii kat To M. canettii. Ta €idn autd Ttou MTBC
emdelkvlouv TOAU uPnAS emimedo opoldTnTAC. EXEl



EOAPMOTEX THZ OAXMATOMETPIALZ MAZAX MALDI-TOF XTH AIATNQZH TON AOIMQ=EQN ATO MYKOBAKTHPIAIA

Bpebei pe Sequencing oTI Ta €ién autd polpdalovtal
Katd 99% i61e¢ aAknAovyieg oto yovidiwpd toug. H
TAUTOTIOINON AUTWY TWV EI0WV UE TNV TEXVIKA TNG
MALDI-TOF MS yivetat wg péAn tou MTBC pe upnAni
evatoOnoia ki 161k6TNTA,'*?° evw TTIO AKPIPAC TAUTO-
moinon toug oto eminedo Tou €idouc Sev gival yia Tnv
wpa Piktn.?!

‘Ocov apopd 1a NTM, oTtevd oxeTi{OpEVA YEVETIKA
€idn ta omoia emion¢ aduvatei va S1a@opomnoloel Ue-
Ta&V Touc N MALDI-TOF MS texvikn gival ta €idn mou
amaptiCouv To cUUMAEYa Tou Mycobacterium absces-
sus complex (MABS). MéAn tou MABS sival Ta M. ab-
scessus subspecies abscessus, M. abscessus subspecies
bolletii kau M. abscessus subspecies massiliense. AN\O
mapadetypa gival ta NTM pukoBaktnpidia M. setense,
M. peregrinum kot M. porcinum ta omoia gv pmopei va
SlakplBouv oTnV Tautomoinor Toug aflomoTa To €va
and to AAho, Kat Aappavetat pe tnv MALDI-TOF MS
AavBaopévn Tavtomoinon avdpeoa og autd ta €idn.
I’ aUTO TO ATTOTENECA, KAl O AUTAV TNV TEPIMTWON
€UOUVVETAL N OTEVH QUAOYEVETIKA CUOXETION TWV OU-
YKEKPIUEVWY €16WV Ta omoia Ki opadorololvtal 0To
ouumeyupa Mycobacterium fortuitum complex. ANEeG
TTEPITITWOELC TTOU SNAWVOULV TNV UPNAL YEVETIKH OUOL-
otnta kamolwv €1dwv NTM, n omoia Kat KaBloTd akdun
Sduoxepn tnv opOr Tautomoinor Toug e tnv MALDI-
TOF MS, eivat to M. scrofulaceum otevd oxeti{duevo
pe 10 M. parascrofulaceum kaBwc¢ kat to M. kansasii
TTOU K1 auTé prmopei va tavtomolnBei A\avBaouéva otav
avaAuBei pe tnv MALDI-TOF MS w¢ M. gastri \oyw tng
LOXUPNG TOUG UAOYEVETIKNG CUOXETIONG.”

310 Mycobacterium avium complex (MAC) mepAap-
Bavovtai ta M. avium, M. intracellulare kat M. chimaera.
Eival ki autd €idn NTM pukoBaktnpidiwv mou e€attiag
Tou VPNAOU BaBuOU YeVETIKAG OUOLOTNTAG TTOU TTa-
pouatalouv mapdyouv mapduola eacpata mou du-
oxepaivouv to Slaxwplopd toug pe tnv MALDI-TOF
MS avdiuong.?2 AmotedoUv Aourmdy, OTIwG Kat Ta ma-
PATIAVW TTOU ava@£pOnkav, aAAd Kal 6Aa Ta QUAoyE-
VETIKWE 0TEVA OXeTI{OUEVA PETAEY TOUC HUKOBAKTN-
p1dlakd €idn, medio évtovng epeuvnTIKAC TPOKANONG,
woTe va katopBwOei ue MALDI-TOF MS n opBn ki1 a&16-
TMOTN TAUTOTTOINo N Tou¢ oTo emimedo Tou €idouc N Kal
uniogidoug Toug. To M. chimaera, péhog tou MAC, éxel
npoevhoel TayKOOUIA avnouyia yia tn Snuoota vyeia,
e&attiac Twv coPapwv Aotpwéewv mou SiamotwOnke
OTL UTTOPE( VA TIPOKANEDEL, UETA ATIO IO TTOPATETAPEVN
emdnuia AoPwEEWV PE TOV HIKPOOPYAVIOUO AUTO Ol
oroieg epgavifovtav Katomy emepBACEWY AVOIKTAG
kapd1ac.2? O1 Aopwéelg amd to M. chimaera xapaKtn-
piCovtal amd pia peydAn AavBdavouoa mepiodo petd
TNV KapOIOoXEIPOUPYIKN eMEUPBacn Tou @Tavel Ta 1,5
€w¢ 3,6 €. Ot KAVIKEC EKONAWOEIG TNC Aoipwéng Te-
pAapBdavouv evbokapditida, nmatitida, veppitida,

eyke@ahitida kat xoploaugiPAnotpociditida. To ou-
YKEKPIUEVO HUKOPBAKTNPISIO avixvelOnKe HECW KaA-
MepYEIWV TTOU TAPOBNKaAV armd Ta KUKAWMATA VEPOU
TWV povadwv Béppavonc/PuEng Twv CUCKELWV TTOU
Xpnotpomolouvtal 0Tto SiKTUO TNG EEWOWUATIKAG KU-
KAO@opiag yla Tn PNXavikn umooTthPIEn TOU KUKAO-
(POPIKOU KAl TOU AVATIVEUOTIKOU GUOTAUATOC KATA TN
Sldpkela Twv Kapdloxelpoupylkwy emeppdocwy. Etol
Ol HOAUOUEVEC e TO M. chimaera auTég CUOKEVEC Oe-
wPENONKav o AITIOAOYIKOC TTAPAYOVTAC TTOU TTPOo&EVNOE
TO TMAYKOOMIO AUTO KUMA emdnuiag, Ye TEPIOCOTEPA
aré 100 mePIOTATIKA TAYKOOUIWG. 2

Kt eivat 1600 n avnouyia yia to M. chimaera, 600 kal
ol 6\o Kal ouXVOTePEC coPapéc Aolpwéelc amd NTM
KUpiw¢ o€ avoooKATECOTAAUEVOUC AANA KAl OE AVOoOo-
ETTOAPKEIC, TTOU WONOoE TNV Auepikavikr Etalpeia Ow-
pako¢ Kat Tnv Etaipegia Aolpwdwv Noonudtwv tng
Auepikng (ATS/IDSA) aA\d kat Tn Bpetavikn Etaipeia
Owpakog va Tpoolv o cUCTACN VA TTAPEXETAL AVa-
@opd NG Tautonoinong twv NTM mou amopovwvo-
vtal and kKAVIkd dsiypata aoBevwv oe eminedo eidoug,
WOTE VA UTTOPEL va TEKPNPIWOEL N KAVIKA onuacia
Tou¢ oTn Sidyvwon Aoipwéng.*7"72

H avaiuon pe tnv MALDI-TOF MS Twv pukofakTn-
PISIOKWV TIPWTEIVIKWY Pacpdtwy Sev pmopei va dia-
Kpivel petall tou @Aopatog mou mapdyel To M.
chimaera kat Tou @dopatog tou M. intracellulare, pe
amotéheopa kat ta dvo autd dlagopeTikd €idn va
avayvwpifovtal w¢ oudda M. intracellulare/M.
chimaera.”” Mpoo@ateg Mpoondbelec woTdoOo va BeN-
TIwBoLV ol duvatoTnTeC SIAKPIONC TWV TTIPWTEIVIKWY
QAOMATWY TWV OTEVA CUOXETI(OUEVWY YEVETIKA HU-
KoBaktnpidlakwy 18wy, EMKeVTIpWONKav otnv avd-
TITUEN Kal XPron loXUPOTEPWV AOYIGUIKWY. Ta AOYICUIKA
QUTA AVAAUOUV TA TIPOPIA TWV PACUATWY AVIXVEVOVTAG
EMMAEOV XOPOKTNPIOTIKEC KAl EISIKEC yla TO KAOE -
XWPLoTod €id0¢ PUKOPAKTNPISIOU KOPUPEC, UE OKOTIO
va Kata@épouv va Slapoporolotv petall Toug @d-
opata padwy moAU otevd cuoXeTI{OPEVWY UKoBa-
KTnESIoKWY e1dWv. 2TV mepimwon twv M. intracellulare
kat M. chimaera n MALDI-TOF MS avdAuon yla tnhv
avayvwplon S1aKPITWY KOPUPWVY GACUATWY EISIKWV
yta 1o M. intracellulare kat kopu@wv €I0IKWV yla to M.
chimaera katopBwoe va meTuxel TN dlagopomoinon
oTNnV tTavtomnoinon HeTady twv dVo autwv eldwv. X
npdéo@atn dnuoocicvon twv Pranada kat cuv. (2017)
avapépetal 6Tl £va VEO AOYIOUIKO HE LOXUPOTEPO OA-
y6p18uo, 0 omoiog avixvelel TNV TTAPOUsia EISIKWY
yla To €i60C¢ KOPUPWV TWV TTPWTEIVIKWY QACUATWY,
ovopalopevo “the subtyping module”tou MALDI Bio-
typer, éxel avamtuxBei kat mpooépel tn SduvatoTnTa
¢ autopatng Siakpiong HeTaly twv eldwv M. intra-
cellulare kait M. chimaera.?” Akopn BéPaia autn n véa
epappoyn dev gival S100€01un o€ OAA TA KAWVIKA UL
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KPO[IoAOYIKA €pYacTrpla TTOU XPNOIUOTIOIOUV TNV
MALDI-TOF MS texvoloyia, evw yla Tnv wpa Sev £xouv
Yivel apKeTEC peNéTEC a&loAdynon g TNG.28

8. MALDI-TOF MS avaAuon tou Mimdikou
MPOo@i\ Twv pukofaktnpidiwv

‘Eva nedio mou televTaia €xel apxioel va e€epeuvdtal
Kl ek@pdalovTal peydheg TPoodOKieC OTI UITOPEL va €XEL
™ SUvaun va Eekheldbwoel véeg Suvatdtnteg otn Sla-
YVWOTIKA TwV PUKoPBaktnpidiwv givat n HeAéTn Tou
AmdikoU mpo@il @acpdtwy palwy yla TNV TauTomoi-
non Twv pukofaktnpidiwv pe Tnv texvikry MALDI-TOF
MS. Kt autd e€aitiag Tng peyding agBoviag Aimdiwv
and Ta omoia cuvTiBeTAl TO KUTTAPIKO TOUG TOIXWHAL.
APKETEC €ival ol epeuvnTIKEC OUAdEC TTou gpydlovTal
pe katevBuvon va amodeifouv mwg n MALDI-TOF MS
mou TTpooeyyilel Ta Aimidla w¢ AmoTUNTWHATA TWV M-
KQPOOPYQVIOUWY, UTTOPE( va ammOTENECEL TN UEYAAN ava-
TPOTI OTNV TAXEIO TAUTOTOINON TWV HUKOPBAKTNPL-
SlaKWV 16wV, AKOUN KL AUTWV TTOU €ival PUAOYEVETIKA
oTtevd ouvdedepéva HeTa&l Toug, aANd Kal va CUVTE-
Aéoel oTov KaBoplopd TN evalodnaiag i avToxHg Toug
OTA AVTIQUUATIKA papuaka. H cuppatikry MALDI-TOF
MS pe Bdoel Ta mMpwTEVIKA @aouata palwy Twv Ju-
KoBaktnpldiwv €xel Ta pelovekTApaTa OTI amaltei
EKTEVI TIPWTOKOA\A TIpoETOIMaciag Tou Seiypatog,
evw Sev umopei va dlakpivel peta&y Toug Kal va Tau-
TOTIOINOEl CWOTA KATola €idn ry urtogidn ou Bpioko-
VTaL 0TO 610 YéVoC 1) CUUTAEY A, OTTWCE Yia TTapddelyua
oto MTBC.

310 pukofBakTnpidla €xouv avayvwploTEl Kal TTEpL-
ypagei apketd Mmidia £161kd yia 1o KAOe €idoc. Ta pu-
KOAIKA o&€a gival povadikd pakplag aAuvcidac Aimapd
o&éa ta omoia emdelkvuouv UPNAR SOUIKH TTOLKINO-
pop®ia e S1aPOoPOTOINOEL OTO MNKOC TNE aAuaidag
TOUC, OTO €MimeS0 TNG AKOPECTOTNTAC KAl TNG UTTAPENG
XNHUIKWV Opddwv OTIwG ot KETOVEG Kalt Ta peBouAia.
AuTO T0 UPNAOS emtinmedo OIKINOTNTAG £OoSIAlEL Ta pU-
KOAIKA 0&€a e XapaKTNPIOTIKA €181KA TOU €idoug ToU
pukoBakTtnpdiou Ki eMopévwe Ta Kablotd Ikavd va
xpnotpomolnBouv w¢ otoéxol Mpo¢ avaAuon UE TNV
MALDI-TOF MS texvikn yla Tautomnoinon o€ emnimedo
€idou. 223031 EKTOC amo Ta UKOAIKA o&€a Ki AANa AlTi-
Sla éxel SlamoTwOel 6T gival €161KA yla CUYKEKPLUEVA
€idn pukoPaktnpidiwv. Na mapdderypa Ta covAgo-
YAukoAimidia 1 (SL-1) kat ot moAuakuAoTpeXahdleg
(PATSs) amavtwvTal amokA&loTIkd oto MTBC, evi AN\a
Amidia émwg ta yAukomremtidoMmidia tng C-pukooidng
(GPLs) kat ot TOAU@QUANIKEG TpEXaNOLeC (TPPs) mapou-
olafovtal povo ota NTM.3233

Mia mpwtomoplak péBodog avamtuxOnke mpod-
oparta amod Toug Larrouy-Maumus kat Puzo (2015) n
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ormoia mepypd@el w¢ duvatr TV dpeon avaiuon He
MALDI-TOF MS twv Mmbiwv og d0ikta pikpofiakd
KUTTOapPA. To peydho mMAgovEKTNUA TNG HeBOdoU eival
TIWG TTPOKEITAL VIO LA TIPOCEYYION TTOU TTEPINAMPBAVEL
pia ypriyopn Kt ammAr TTpogTolpacia Tou pikpoBlakou
Seiypatog. Kat' autrv 8e xpetaletal Kapia XnUIKr Ka-
TEPyaoia oute eKXUNION Tou Selypatog mpiv va eloaxOei
oT0 pnxavnua tng MALDI-TOF MS avaiuong. H Siadi-
Kaoia mou akoAolBnoav ePLYPAPEL apxIKA TV adpa-
voroinon upe Bépuavon Twv pukoBaktnpeidiwv.
Katomiv ol pikpoopyaviopoi EemévovTal 3 @opéC Ue
SIMAA ameoTaypévo VeEPO Kal TOMOBETOUVTAL OTN E-
TAAAKA TAGKa Tou avaAuTr) MALDI-TOF MS, kaAunto-
pevol amo éva €181k6 matrix. To €161k6 autd matrix
amoteleital amod éva piypa 9:1 SwdpofuPevioikol
o&éoc kal 2-udpod&u-5-pebo&uPevioikovl o&éoc (super-
DHB) StaAupévo o évav pn moAiko StaAutn.343° To
super-DHB matrix emA&xOnke AOyw TnG IKAVOTNTAG TOU
va eMTPEMNEL TNV amodoTik avdiuon twv Mmdiwv Kal
TwV @Wo@oNmbiwv pe tnVv TeXVIk MALDI-TOF MS.3
AvTImpooWwMeUTIKA Kl a&lOAoyn PENETN TN TTPOOTTA-
Belac mou yivetal va alomoinBouv ta 161KA yla KABe
€i60¢ pukoPaktnpidiwv ekppaldpeva otnv emedaveld
Tou¢ Aimidia avixvetovtdag ta pe tnv MALDI-TOF MS
TEXVIKN, €ival autr Twv Gonzalo kat cuv. (2021). XN
peAéTn Toug adlohdynoav Tnv peBodoloyia mou eixe
TIEPIYPAYEi amo Toug Larrouy-Maumus kat Puzo, epap-
polovtag avaluon Twv Aimdiwv amd aképata Kal
adpavoroinuéva pe Bépuavon pukofaktnpidla xpn-
olpomowwvtag tnv MALDI-TOF MS. To beiypa mmou xpn-
olpgomoinoav Atav 273 pukoBaktnptdlakd oteNéxn
TTIoU TIPOo€pxovTav Téoo amo to MTBC, 600 kat amno ta
NTM. To €161kd matrix mou xpnolpomoinoav Atav 1o
super-DHB matrix StaAupévo o€ 9:1 YAwpopodpuLo Kal
pEBAVOAN, evw N KaTtaypa®r TWV QACHATWY palwv
Twv Aimbiwv €yive pe TN Aeitoupyia avixvevong Beti-
KWV 10VTWV 000 KAl PE TNV APVNTIKWV IOVTIWV O€ ava-
AuTA MALDI-TOF MS. Zkomd¢ TnG EAETNG ATAV VA Ka-
BlepwOei pia peBodoloyia wote va Sakpivovtal Ta
MTBC otehéxn amd ta NTM kat va Tautomolouvtal Ta
NTM oteréxn. Oha autd xpnotpomolwvtag tn Baot-
(6uevn og Nimtidla €181kd Tou €idouc Twv pukofBakTn-
p1diwv MALDI-TOF MS avdhuon o€ aképata pukofa-
ktnpidla. Ta MTBC oteAéxn TNG PEAETNG uTTOBARONKAV
og Whole-Genome Sequencing (WGS) w¢ puébodo ava-
@opdc yla TNV Tautomoinor toug, v ta NTM mou
TMEPINAPONKAV NTAV OTEAEXN AVAPOPAG, TTPOEPXOUEVA
amoé 1o SiKTuOo £pyacTnpiwv avagopdg Tou European
Center for Disease Prevention and Control (ECDC). Ta
Setypata avaluBnkav otn Aertoupyia avixyveuong Oe-
TIKWV Kal apVNTIKWV 1OVTWY, N eneéepyacia Twv @a-
OMATWY palwv Twv Mmbiwv €yIVE e TO AOYIOUIKO TOU
avaluth, evw n avayvwpton wg MTBC 4 NTM éywve
TUQPAQ, LETA aTTO OTITIKA EPUNVEIN TWV QACHATWY Ha-
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{Wv amod Toug EPELVNTEC, AKOAOUBWVTAC KPITPLa TIPO-
nyouuevwy dnpocteloswv.3* H tautomoinon evog ote-
Aéxoug w¢ oteNéxoug Tou MTBC éyve pe Tnv avayvw-
plon Twv €81IKWV yI autd SL-1, ue kahuTtepn anodoon
0TN A&ttoupyia avixveuong apvnTIKWVY OVTWV. Ma thv
opada twv NTM otehexwv n Tautomoinon katopOw-
Onke kKaAUTEPA 0TN AelToupYia avixveuong BeTIKWY 16-
viwv. Ol epeuvnTéC SLATTICTWOAV TTWCE O IOVICUOC TWV
eldikwv Aimdiwv yia kdBe NTM €idoc emépepe mapa-
ywyn @acudtwy palwv twv Aimdiwv autwy, Ta omoia
ATav povadikd Kal KaAd Slakpitd peta&l Toug, EMTPE-
movtag TNV Eekabapn Si1dkpion Kal Tautomoinon Twv
NTM otelexwv mou avallbnkav otn HEAETN. ZTA OU-
pmepAoATa TNG MEAETNG TOUC Ol EPEUVNTEC ONUEL-
wvouv OTL N eV Aoyw péBodog gival ypriyopn, Kabwg
oMokAnpwvetal o€ Tiepimou 10 Aemtd, kat xpeldletat
o€ aplBuo Aiyotepa amo 1.000 pukoPaktnpidia, yeyo-
VOC TTOU TNV KAVEL APKETA €uaAioONTN KI €€AIPETIKA
XPAOIUN OTO KAVIKO €pYaoTHPLo. AKOUN, QUTH N Ué-
Bo60¢ métuxe otn HENETN akplPr Tautomoinon pe
96.7% sualoOnaia kal 91.7% €18IKOTNTA YIa T OTEAEXN
€KElva Ta omoia mapryayav avayvwpiolpo ¢Aacua pa-
Cwv Aimbiwv. Tétola mooooTd ivat Idlartépw evbap-
PUVTIKA, kaBloTwvTag TV MALDI-TOF MS texvikn He
™ Xprion twv Amdiwv évav Kawvouplo EUKONOTEPO,
TaYUTEPO KI A&IOTMOTO TPOTO TAUTOTTIOINONG TWV JU-
KoPaktnpidiwv.>”

H avaykn yla emmAéov PENETEC eival HEYAAN, KABWC
empPBAar\eTal o autr TN @Aon n avamntuén epyaieiwv
BloTANPOPOPIKAC Yia TNV avAAuon TwWV @ACUATWY
padwv twv Aimdiwy Twv pikpoBiwv mou AapuBdvovTal
pe v MALDI-TOF MS avdhuon. Bdoeic dedopévwv
ME PO @I @acpdtwy palwv Amdiwv amod yvwoTd, Je
npéTunn uéBodo Tauvtomoinuéva, pukoaktnpidlakd
€idn Ba mpémel va dnuiovpynBoulv, Tou va ival ou-
YKPIOIEG O€ HEYEDOC HE TIC UTTAPXOUTEC TWV TTPWTEL-
VIKWV TIPOPIA @ACUATWY HAlWV, WOTE VA ETITUYXAVE-
Tal MO aKPIPAC Kal To a&lomoTn TauTonoinon Twyv
umo avaAuon Selypatwy pukoaktnptdiwv.3 Me hov-
OlEC K1 loXUpEC Paoelc Sdedopévwy Kal e TeENeuTaiag
TEXVOAOYIOC AOYIOULKA Yia TNV avAAuon Twv AImSIKWY
@aAopATWY padwv Kal Tn OUYKPLOH TOUC UE EKElva TTOU
unidpxouv otn Bdaon dedopévwy Tou avaAutr, Ba &i-
paoTe o€ 60N va TAUTOTIOIOUE TA UKOBaKTNELOKA
€i6n Taxéwg Kat Aemtopepwg pe tnv MALDI-TOF MS
TeXVIKNA TTou otnpiletal ota Aimidid Toug.>”

9. MALDI-TOF MS Kkat Tumomoinon Twv HUKo-
Baktnpidiwv

H mmpocoxn Twv gpeuvnTwV €XEl OTPAPEL O€ PHEYANO
BaBuod mpog TNV KatewBuvon TNG avayvwpLong, PE TNV
texvikl MALDI-TOF MS, pukofaktnptdiwv mou oxeti-

CovTal TOAU OTEVA YEVETIKA HETAEY TOUC KI ATTOTEAOUV
unroeidn 1 SlagopeTikd oTeNéxn 16iov gidouc. Tétola
nmapadeiypatog xdpn givat to MTBC kat to MABS. H
mapamdvw avayvwplon, 6mwe EXoUE avagpépel, Sev
gival eQIKTA HEXPL TWPA, aVv BACIOTOUUE HOVO OTNV
avAaluon Twv TMPWTEVIKWYV QACHATWY palwv mou
TTPOEPYOVTaAlL Ao Ta HUKOPBakTnpidlakd €ién kat urmo-
€idn. H tumomoinon oe enimedo umoeidouc 1| oTeNE-
XOUG €ival Xprotun, OxL MOVO YlOoTi TTapEXEL TNV
akpiBéotepn Siayvwon tou maboydvou pHUKoBaKTn-
pidiou mou mpokahei Tn Aoipwén, arAd kal ylati pmo-
pei va KaBodnyNoEl O€ PEPIKEC TIEPITTTWOELG EYKAIPWE
NV avTIBIlOTIKN aywyr TPO¢ TNV KAAUTEPN emAoyN,
OUVETIWG VA TIETUXEL KOAUTEPN €KPBaon Tng Bepamneiac.
To televtaio umoypappiletal evidvwg otnv Tepi-
TITWON TWV UTTOEIO WV PUKOBakTNESiwY ToU aviKouv
oto MABS, n dlagopodidyvwon PeTadl Twv omoiwv
gival onpavTikr, Kabwg €xouv SlaPOpPETIKA valodn-
oia oTI¢ pakpoAidec. Ki gival autd ta péin tou MABS
mou Siahe€av ot Jia Khor kat ouv (2021) woTte va M-
XElPrioouv va ta {exwpioouy, SlapopomolwvTag Ta O
emninedo umoeidoug, pe Tn Xprion tng MALDI-TOF MS
avaiuong Twv Amdiwv touc.’ Ta pukoPaktnpidia tou
MABS katnyoplomoloUvTal o€ Tpia uToEidn, Ta omoia
givatto M. abscessus subsp. abscessus, o M. abscessus
subsp. bolletii kat To M. abscessus subsp. massiliense.
Amé autd, To M. abscessus subsp. massiliense givai
gvaionTto oTIC pakpoAideg, evw ta M. abscessus
subsp. abscessus kat M. abscessus subsp. bolletii epga-
viCouv cuxvd avtoxn o€ autéq. Etol n ypriyopn Kt a&lo-
TMOTN avayvwplon twv umoeldwv avtwv Ba Atav
KaBoploTIKAG onuaciac yia v KAwvikr mpdén. Ot
EPELVNTEC OTNV TIAPATIAVW UEAETN, XPNOLUoTIOINoAv
EWVIA OTENEXN AVAPOPAG LUKOPBAKTNPISIOKWY UTTOEL-
Swv Tou MABS, Twv omoiwv ta Aridla eMmEAveIag Toug
avéluoav pe tnv MALDI-TOF MS texviKry, OTIwG €ixe TTe-
ptypagei K1 amod toug Gonzalo kat ouv.’” To Slagope-
TIKO TTOU €Kavav gival Twe Xpnotpomoinoav alBavoin
w¢ S1aAUTN Tou super-DHB matrix avti yia YA\ wpo@op-
Mto kat peBavoAn, ot omoiol gival Idlaitepa ToIKoi op-
yavikoi S1aAUTeG. Kavovtag moAamAég SOKIPEG OTNV
€peuvd Toug, Bpnkav 6Tt o cuvduacuog Tou super-
DHB matrix og 25% alBavoin, n omoia gival évag op-
YavikdG S1aAUTNG TTou UTTAPXEL 0 OAa TA KAVIKA
MIKpoBloloylkd epyaoTnpla, UE éva evaiwpnua 2.0
™N¢ KAipakag Mc Farland amo aBikta pukoBaktnpidia
adpavornoinuéva pe Bépuavon otoug 95°C yia 30
Aemtd, mapeixe katémyv MALDI-TOF MS avdluong ta
KOAUTEPNC TTOLOTNTAG AUMISIKA AopaTa palwy Twv
e€etalduevwy OTEAEXWY TNG PENETNG. BeATioToMOI-
noav £ToL Ao TN UIA TTAEUPA TNV TTOCOTNTA TNG LUKO-
Baktnpidiakng Propalag mou Tomobeteital oTNn
peTaAMAkr) TAAKa TG MALDI-TOF MS. Evw amd tnv
AN avakdAupav TNV KAAUTEPN CUYKEVTPWON TG al-
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BavoAng otnv omoia mpémel va SlaAutoToleital To
super-DHB matrix woTe va gival amoTeAeopaTIKA N
Mavw otnv MAAKa eKXUNON TWV EMPAVEIOKWY LUKO-
Baktnpidiakwv Aimdiwv kal N KpuotaAomoinon Tou
Seiypatog pe To matrix. Ev ouvexeia avéluoav ta Oei-
YHATA TWV YVWOTWV TTPOTUTTWV OTEAEXWV UTTOEIO WV
Tou MABS mou eixav mpoéNBel and to EBvikO Kévtpo
Avagopdg (National Mycobacterium Reference-
NMRS-South, United Kingdom) og avaAiuty MALDI
Biotyper Sirius Tng Bruker Daltonics otn Aettoupyia
avixveuong BeTIKwV 16VTWV. Ta TPOQIA @acudtwy
padwv Amdiwv mou éhafav Atav uPNARE ToLOTNTAC
Kl EUKpivelag, o€ BaBuo mou emétpePav va SiakpiBouv
peTa&l Toug Ta Tpia UTTOEION. ZUYKEKPIPEVQ, UTTHPXAV
€VUKOAQ QVAYVWPICIPES S1APOPEC OTIC KOPUPEC TWV Al-
MOIOKWY QACUATWY HaAlWwV TWV TPIWV UTTOEIOWY HU-
koBaktnpidiwv tou MABS. Onw¢ onuelwvVouV ol
epeuvnTEC, Ta Sedopéva TNG HENETNC TOUC, TAPOAO
TTOU AUTH CUUTTEPLEAARE UIKPO aAplOUO OTENEXWV
(oA evvéa), umodnAwvouv Twg n MALDI-TOF MS
avdaiuon Twv e8IKWV pukoBaktnpeidlakwy Atmbiwv
Katéxel Tn Suvapikn va dlakpivel ta umoegidn péoa oto
ouumAeypa MABS.5

To BéPato gival mTw¢ KATOTIV AUTWV TWV ATTOTEAE-
OUATWV avoiyel 0 SpOUOC Yla TTEPIOOOTEPEG PENETEC
TNG KAvoUpLag AuTrE TPOCEYYLIONG TAUTOTOINONG TWV
€160V aANd Kat Twv UTToEId WV pukoBakTnpidiwy. Autd
Seixvel wg evdexopévwg €xel yivel éva peydlo BrApa
TIPOG TNV €miTeVEN UIOG €EAIPETIKA TAXEIAG AANG KL
alomotng pebodou PBaKTnNPIOKAC TUTTOTIOINONG TWV
pukoBaktnpidiwv pe Tnv MALDI-TOF MS texvoloyia
a&lomowwvtag ta Amidid Toug. Mia Tétola TPOOTTIKN
Ba wbnroel og peydlo Pabud t1éoo TNV TaXUTEPN KI
ATTOTEAECPATIKOTEPN SlAYVWOTIKA KAl OepameuTIKn
AVTILETWITION TWV MUKOBAKTNEIOIOKWY AOIHWEEWY,
aAAd kat tnv emdnuioloyikn Siepelivnon Kal QuAoye-
VETIKN TA&IVOUNON TWV ATTOHOVOUIEVWY OTEAEXWV U-
KoPBaktnpidiwv.

10. ZupmEPACUATA KAl MEANOVTIKEG TIPOOTITIKEG

O xpodvoc mou xpelddetal yia tnv a&lomoTn TauToToi-
non Twv HUKoBakTNPISlakwy 0wV éxel PelwOei Oga-
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paTika pe TNV e@appoyn tng MALDI-TOF MS peBodo-
Moyiac. H edpaiwon mpwtokdAwV adpavormoinong
Kal TpogTolpaciac Tou deiypatog pukoaktnpidiwv
EXEL KATAOTHOEL TNV TEXVIKH TAUTOTIOINONG TOUG PE TNV
MALDI-TOF MS mpoottr) ota KAVIKA pikpoBloAoyikd
epyaoTrpla. Ot cuvexwe avaBabuiopéveg S1a0£01EC
Baoeic bedopévwy pe @aopata palwv avagopdg,
KaBw¢ Kal Ta A0 Kal PeyalUTEPNC AVAAUTIKAC SlaKpL-
TIKAC IKAVOTNTAC AOYIOUIKA TTpooéBecav padi ue TNV
TaXUTNTA KAl TNV avAAoyn akpifela otnv Tautomoinon
o\oéva Kal TTEPLOCOTEPWVY ELOWV.

TepdaoTio BApa POC TNV AKOWN TAXUTEPN AVAYVW-
plon Twv pukofBaktnpidlakwy eidwv Ba gival n apeon
epappoyn TN¢ MALDI-TOF MS avaluong Twv em@a-
velakwv Aimdiwv oe deiypata pe dOikta adpavorol-
nuéva pukoPaktnpidla, xwpic 10 0TAdl0 NG
TIPOETOIACIAG TTPWTEIVIKOU TOUG EKXUANIOMATOC, KATI
MOV TTPpowOE(Tal ETT{ TOU TTAPOVTOC PIE APKETA ETITUXN-
MEVEC PENETEC.

O emTtuxNC S1aXWPIOUOC O0TEVA CUCXETIOUEVWVY HU-
KoBaktnpidlakwy €1dwv aAAd kat umoeldwy, n €mi-
Tevén Tou omoiou meplopileTal yla TNV wWpPa aAmod TI
TPEXOVOEG SUVATOTNTEG TNG TEXVIKNG, €ival éva Ao
otoixnpa mou €xouv BahBei va kepdioouv ol epguvn-
TEC KAl TTPOC auTr TNV KateuBuvon Sie€dyovTal eAmi-
OOPOPEC PENETEC.

Ziyoupa, HE TIC OAO Kal TTo OAOKANPWUEVEC BATEI
Sedopévwy, LE Ta CUVEXWGE KAL TTLO LlOXUPA £pYaAEia
BlomAnpo@opIKN¢ Kal pe To cuvduaoud tng MALDI-
TOF MS avaluong Twv MpwTEivwv 600 Kat Twv AlTi-
Oiwv Twv pukoBaktnpeidiwy, avapévetal akoun o
ONMAVTIKN TTPOCPOPA TNG MPWTOTTOPIAKAG AUTAG TE-
Xvoloyiag otn S1ayvwon Twv HUKOBAKTNPISIaKWY Aol-
HwEewv.

Meploootepeg peléteg eival BERato mwg Ba oxedia-
Covtal kal Ba ekTeEAOUVTAL YIa TNV CLUVEXOUEVN BeA-
Tiwon autn¢ TNG amiic, ypnyopne a&loémotng Ki
OIKOVOUIKNC peBGSOoU yia TNV TauTomnoinon Twy HUKOo-
Baktnpidiwv ot eminedo €idouc. Tautoxpova To PéEN-
Nov, He Paoel TIG eveifelg TTOU €XOUV Ol EPEVVNTEC,
unéoxetal mwe Ba e&eixOei n Suvatotnta tng MALDI-
TOF MS va mapéxel Tautomnoinon akopa Kal oTo €i-
nedo unogidoug Twv pukoPaktnpidiwv.
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Summary

Applications of MALDI-TOF mass spectrometry in the diagnosis of
mycobacterial infections
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The genus Mycobacterium includes species like the members of the pathogenic Mycobac-
terium tuberculosis complex, a major global public health burden, and an ever-increasing
number of nontuberculous mycobacterial species, of which approximately 1/3 have been
associated with infections linked to substantial morbidity and mortality. Therefore, the
rapid and accurate identification of mycobacteria is crucial for disease management.
MALDI-TOF MS technique was introduced for the identification of microorganisms as a
common laboratory practice during the last decade. It utilizes the unique for each species,
fingerprint-like, protein mass spectra and achieves rapid, easy, reliable and cost-effective
identification of bacteria, yeasts, moulds and mycobacteria. As conventional methods for
the identification of mycobacteria are time-consuming, MALDI-TOF MS offers a new alter-
native approach that reduces the turnaround time.

Protocols for inactivation and sample preparation of mycobacteria for MALDI-TOF MS pro-
teins’analysis have been described in detail and are used in clinical microbiology laboratories.
The continuous upgrading of databases through incorporation of an increasing number of
mass spectral profiles of mycobacterial species, as well as the development of more powerful
software for the analysis with MALDI-TOF MS, are future key goals. Through them, it is be-
lieved that a reliable identification of a greater number of mycobacterial species will be
achieved and an improved distinction between phylogenetically closely related species
could be accomplished, as the latter remains the main limitation of the method. Finally,
MALDI-TOF MS analysis of surface lipids, specific to each mycobacterial species, is a field of
research which developments are expected and promises to further shorten the identifica-
tion time of mycobacteria, and perhaps even achieving their typing.

The prospects launched by the introduction of MALDI-TOF MS technology in the diagnosis
of mycobacteria have had a spectacular impact on species identification and it is anticipated
that they will have a similar impact on both typing and detection of antituberculosis drugs
resistance.

Key words

y.____ Mycobacteria, MALDI-TOF MS, identification, sam-
ple preparation, databases, future perspectives
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Summary

The field of Interleukin-17 (IL-17) biology has received more attention during the last decade
for evaluating the role of this cytokine to enhance the host defence against microbial infec-
tions. IL-17 is essential in controlling microbial colonization through the expeditious innate
immune response to pathogens which involves the recruitment of neutrophils and the induc-
tion of antimicrobial peptides. IL-17 is synthesized by cell populations predominantly present
within epithelial barriers, including specific subsets of Th17 cells and innate lymphoid cells. In
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this review, we highlight both bacterial and fungal infections in human eyes and the role of
IL-17 in host defence in addition to the benefit of using IL-17 for immunotherapy.

Key words
y_q__ 1l-17, bacteria, fungi, immune, innate immunity,
adaptive immunity, ocular, eye, immunotherapy

Introduction

The human eyes are valuable organs that are exposed
to the external environment. For this reason, they are
susceptible to ocular infections caused by various mi-
croorganisms worldwide. Infections can be by single
or multiple pathogens that are associated with many
factors including using contact lenses, immune system
states, dry eye state, surgery, trauma, chronic nasol-
acrimal duct obstruction, age, and previous ocular in-
fections."? Generally, bacteria, followed by viruses and
fungi are involved in ocular infections. Bacteria are as-
sociated with many types of eye infections including
keratitis, dacryocystitis, blepharitis, endophthalmitis,
orbital cellulitis and conjunctivitis.> Fungi are wide-
spread eukaryotic, unicellular or multicellular, and
commonly associated with food spoilage. Many of
these organisms are the primary source of carcino-
genic mycotoxins, which can effect significantly
human health.* There is a growing occurrence of op-
portunistic fungal infections among immunocompro-
mised, including individuals with neutropenia,
haematological malignancies, and those who have un-
dergone bone marrow transplantation.>® Eye infec-
tions caused by fungi are rare, but they can cause
severe infections. Fungal infections can affect different
parts of the human eye. Previous reports showed a di-
rect association of opportunistic fungi with keratitis
due to eye injury or using contaminated contact
lenses.” Infected eyes if left untreated, can lead to a po-
tentially blinding disease and in advance cases surgery
for removing infected eyes as what happened in Sin-
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gapore and the USA in 2006. Clinical symptoms of fun-
gal eye infections can appear for several days to sev-
eral weeks after fungal elements invasion. Generally,
clinical symptoms of ocular infections by opportunistic
fungi are similar to those of other microbial infections.
For this reason, diagnosis and detection of the source
of ocular infections are seriously critical without a pre-
cise and accurate identification test. The identification
of clinical specimens can be achieved using conven-
tional methods such as mycological culture and direct
microscopic examination, as well as non-culture-based
methods such as nucleic acid-based techniques and
monoclonal antibodies. Treatment and management
of emerging fungal infections are critical due to the
spread of multidrug-resistant fungi. For this reason, de-
spite developing new drugs, controlling fungal infec-
tions remain difficult in many cases. Meanwhile,
compared to antibacterial antibiotics, antifungals have
a lower efficacy due to their mechanism of action.
Fungi are eukaryotes, so one has to take into account
the side effects of antifungals on human tissues; there-
fore there is a limitation in considering fungal infec-
tions and treatment. Co-infections or poly-infections
is a term used to describe the involvement of two or
more than one microbial isolate including different
species of bacteria or fungi or even bacteria and fungi
at the same ocular site. This kind of infection can affect
one or both eyes. Studies showed an increasing trend
of co-infections. Eye co-infections are considered a se-
rious challenge for ophthalmologists due to the diffi-
culty to diagnose as bacterial eye infections mimic
fungal infections.® Patients with ocular co-infections



present similar clinical symptoms such as ocular dis-
charge, visual symptoms or a red or painful eye in case
of bacterial and fungal infections. The immune system
plays a key role in the human body’s protection
against microbial invasion. For this reason, the im-
mune response within ocular sites protects eyes from
infection and regulates healing processes following in-
juries. Within the eye microenvironment, the immune
system expresses a response toward infections
through immunosuppression and anti-inflammatory
actions via ocular resident cells/tissues. Since the eye
has limited regenerative properties, microbial infec-
tion and inflammation can lead to devastating health
consequences. Thus, human eyes possess extraordi-
nary features for immune-mediated inflammation re-
duction. This phenomenon is known as an immune
privilege that has a pivotal role in ocular protection.’
Interleukin-17A (IL-17A) is one of a family (IL-17B, C, D,
E and F) that plays a central role in the control of mi-
crobial infections and mediate protective innate im-
munity to pathogens. IL-17A links T-cell activation to
neutrophil mobilization and activation. For this reason,
IL-17A is a pro-inflammatory cytokine, which was de-
scribed fairly recently in 1995, that contributes to the
pathogenesis of several inflammatory diseases.’® The
bioactivity of IL-17A has received immunological at-
tention over the last few years due to their association
with bacterial and fungal infections, psoriasis and
other autoinflammatory disorders.'"'? In addition, dis-
ordersin IL-17A regulation can lead to ocular diseases
such as dry eye disease (DED) and infectious keratitis.

Microbial Eye Infections

The human eyes are very delicate and value sensory
systems, serving as a primary source of information
about the external environment. Humans heavily rely
on vision as their predominant sense, making the eye
the most delicate and perceptive organ within the
human body.'* Ocular infections can lead to impair-
ments in visual which resulting in a major sight-threat-
ening consequences such as keratitis and conjunctiv-
itis.’* Frequently, microorganisms involved in eye
infections are bacteria, followed by viruses and fungi.
Pathogenic bacteria are the primary agents respon-
sible for conjunctivitis. Bacteria infect the ocular sur-
face, specifically the mucous membrane of the con-
junctiva. However, it is colonization population is
regulated by the tears’lysosomes and humoral secre-
tions such antibodies, as well as the protective mech-
anism of blinking."™ Accurate and rapid diagnosis of
microbial keratitis is needed for managing treatment
and preventing a potentially vision-threatening risk.

INTERLEUKIN-17 AND IMMUNITY OF OCULAR INFECTIONS

Bacteria associated with eye infections

Bacteria typically target the external surface of the eye
for colonization, while the internal parts of the ocular
cavity remain sterile. In terms of immunology, the eye
surface has multiple protective barriers that effec-
tively prevent the occurrence of eye infections. Nor-
mally, the conjunctiva contains mostly antibodies,
complement proteins, lysozyme, C-reactive protein,
fibronectin, and transferrin that related to innate im-
munity. These components collectively contribute to
the defence against bacterial pathogens. However, if
any of the epithelium'’s ocular surface is compromised
due to trauma or a decrease in local or systemic im-
mune responses, eyes become more susceptible to
microbial infections such as bacterial invasion.'® Bac-
terial pathogens have been implicated in a spectrum
of ocular surface infections, including conjunctivitis,
scleritis, keratitis, blepharitis, canaliculitis, and dacryo-
cystitis. Moreover, these bacteria can also cause more
severe infections that extend to deeper ocular tissues,
such as orbital cellulitis, preseptal cellulitis, necrotiz-
ing fasciitis, as well as intraocular infections like uveitis
and endophthalmitis.'”

Antibacterial treatment for eye infections

Bacterial infections of the eye are common, and oph-
thalmologists have a wide choice of antibiotic treat-
ments comparing with other microbial infections.
There are many ways of delivering antibiotics into the
eye including subconjunctival injection, topical ad-
ministration, subtenon injection, and intraocular in-
jection. Ophthalmologists have a wide range of
commercially eye antibiotics such in many different
pharmaceutical formula including drops, cream and
ointment that enables the achievement of elevated
antibiotic concentrations for ocular tissues therapy.'®

Fungal associated with eye infections

Ocular fungal infections are extremely rare. However,
these kinds of infections can cause serious health con-
sequences. Opportunistic fungi can affect different lo-
cations of the eyes. For example, keratitis is front layer
of the eye, the cornea, that easily infected by fungal
elements. These kind of infections occurs as a result of
eye injury or bad usage of contact lenses.”” Inflamma-
tion of eyes is called endophthalmitis that can be exo-
genous, when associated with direct fungal spores
invasion,?® and endogenous, when fungal elements
spreads to one or both eyes from another primal body
source.?’ Fungal infections are frequently associated
with trauma as significant contributing agents. Fungal
eye infection symptoms can occur after a few days to
several weeks. These symptoms mimic bacterial eye in-
fections including eye redness, eye pain, blurring in vi-
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sion, tearing, and eye discharge.?? Comparing with
other pathogenic fungi, species related to the genus
of Fusarium, Aspergillus and Candida are the most com-
mon opportunistic fungal agent causing ocular infec-
tions to human.? Routine laboratory techniques such
as culturing and direct microscopic examination re-
main classical approaches for detection of fungal ele-
ments during ocular samples testing and permits a
rapid presumptive diagnosis. Serological and molecu-
lar approaches have been widely used in recent years.?

Antifungal treatment for eye infections

Since the initial documentation of fungal keratitis,
there has been an upward trend in the incidence of
this condition. Compared to antibacterial drugs, anti-
fungal agents have a lower efficacy due to lower tis-
sue penetration.? Generally, amphotericin B, nystatin
and natamycin are the most frequently used antifun-
gals. There is a limited use of nystatin due to its toxi-
city and low rate of tissue penetration for treatment
of opportunistic fungal keratitis compared to ampho-
tericin B and natamycin.?6?

Antifungal resistance to eye infection

Resistance to common antifungal drugs by patho-
genic fungi is a risky point. Fungal cells can develop
mechanisms for resistance to antifungal drugs result-
ing in expanding fungal infections and complicating
their treatment. Because of the genetic inherent re-
sistance of some fungi, certain antifungal treatment
might ineffective in treating fungal infections. For ex-
ample, Aspergillus exhibited a notable fluconazole re-
sistance.?® Due to too low dosage of antifungal drugs
or when treatment courses are not long enough,
fungi have a chance to develop resistance to antifun-
gal agents over time.?3

Eye Coinfections

In developing countries, corneal blindness following
cataracts is primarily attributed to ocular infections
caused by bacteria, viruses, and fungi.?? However, an
escalating incidence of co-infections, wherein two or
more pathogens coexist in the same ocular environ-
ment, affecting either one or both eyes, has been in-
creasingly documented. In contrast to single-micro-
organism infections, which lack competitive dynamics
in theory, co-infections have been demonstrated to
engage multiple mechanisms that compete for host
resources. This competitive interplay constitutes a piv-
otal factor that significantly influences the clinical tra-
jectory and progression of the infection. Clinical pre-
sentations of eye co-infections mimic different clinical
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cases resulting in a serious diagnostic challenge for
ophthalmologists. This challenge affects directly pa-
tients through receiving multiple treatments instead
of a specific treatment.3* Among immunocompetent
patients, eye infections are common particularly co-
infection due to impaired the immune system.?* Bac-
teria and fungi are the most frequent clinical entities
causing eye co-infection.

Bacteria and Fungi of Eye Infections

Bacterial and fungal co-infections constitute the most
prevalent type of ocular co-infection. Staphylococcus
spp., followed by Streptococcus spp., Pseudomonas
spp., Klebsiella spp., Bacillus spp., and species related
to Haemophilus are main bacterial causative agents.
Meanwhile, the species belong to Aspergillus, Candida,
Fusarium, followed by Curvularia, Alternaria, Cladospo-
rium, and Bipolaris, represent the genera of opportun-
istic fungal pathogens that are associated to ocular
infections.*® Co-infections of bacteria and fungus are
more likely to be between the species related to the
genus Staphylococcus and Aspergillus or Fusarium re-
sulting in serious clinical symptoms.3>37-40 To distin-
guish between bacterial and fungal keratitis based on
clinical presentation is considered a serious challenge,
as the characteristic symptoms of each infection may
be overridden by mixed microbial infections.*'

Immune System

Immune tissue, cells, and organs work together to
form the immune system for protecting the body
against harmful microbial pathogens, such as bacteria,
viruses and fungi. Cellular defence mechanisms of the
immune system involve various immune cells, such
as specific killer T cells (T-cells), natural killer cells (NK),
polymorphonuclear leukocytes, and macrophages
that directly target pathogenic cells. Additionally, sig-
nalling networks via cytokines, humoral immunity af-
fects cellular immunity through producing a range of
immune mediators such as antibodies, cytokines, che-
mokines, and complement proteins to enhance im-
mune protection against foreign invaders.*> Alto-
gether, the immune system parts help to recognize
and eliminate the infectious agents causing the in-
flammation. Keratitis due to bacteria or fungi triggers
the immune response to combat the invading micro-
bial elements.

The Ocular Immune Response

The ocular surface is normally protected from mi-



crobes physically by a mucosal layer. The ocular im-
mune response refers to the specialized immune
mechanisms protecting the eyes from microbial infec-
tions. However, lymph vessels are missing in the inte-
rior of the ocular structure.”* The eye components in
nature have immunosuppressive and anti-inflam-
matory effects. The immunosuppressive activity exhi-
bited by resident cells in the eye is commonly known
as immune privilege, and it serves a critical function
in preventing significant damage caused by infiltrat-
ing inflammatory cells, which can result in vision loss.
The eye employs a wide range of mechanisms to reg-
ulate innate and adaptive immune cells, thus effec-
tively mitigating the risk of blindness associated with
intraocular inflammation.*#> Several immunosup-
pressive mechanisms have been identified thus far,
which are attributed to the microenvironment within
the eye. These mechanisms encompass ocular fluids,
the blood-retina barriers, and resident parenchymal
cells presentin the eye. In order to safeguard the con-
tinuity of vision from two main domains: physical and
immunological factors, intricate networks of neurons
and immune components collaborate. It is worth not-
ing that this complex interplay occurs within the
context of the presence of microorganisms, whether
they establish long-term residence in the ocular mu-
cosa or are transient visitors introduced from the ex-
ternal environment, which have the potential to
induce modifications in this delicate balance.*

The Eye and Immune Privilege

The immune privilege of the eyes is a unique state of
anatomical, physiological, and immunoregulatory
processes within the ocular tissues to protect eye and
sight. This phenomenon allows eyes maintenance
and immunological tolerance through restriction of
the over-expression of inflammatory immune re-
sponse.’ The eyes’local immune components include
macrophages and dendritic cells, as well as immuno-
globulins, complement proteins. The immune privi-
lege is a unique immune mechanism within eyes that
prevents excessive immune responses and thus pre-
vents the potentially eye-destroying consequences of
unregulated inflammation.*247

Interleukin-17 in Antifungal Immunity

In 1993, interleukin 17A (IL-17A), was first discov-
ered.* From mouse EL4 thymoma cells, receptor of IL-
17A was first cloned and identified in 1995.4950 |L-17
level increases in cases of inflammation and autoim-

INTERLEUKIN-17 AND IMMUNITY OF OCULAR INFECTIONS

mune diseases indicating to association with human
immune disease®'*2 T helper 17 (Th17) cells is a subset
of cluster differentiation 4+ (CD4*) which are the main
IL-17 producers.>® Later on, CD8* cells (Tc17), natural
killer-T cells (NKT), y& T cells, group 3 innate lymphoid
cells (ILC3s), neutrophils and microglia were reported
as sources of IL-17 production.>*>> Meanwhile, IL-17
has an ability to stimulate the production of anti-
microbial peptides (AMPs) such as cathelicidins and
defensins, that exhibit direct antifungal bioactivity.>
Also, IL-17 can induce secretion of pro-inflammatory
cytokines, IL-1B, TNF-a and IL-6 which contribute to
the elimination of fungal pathogens,*” resulting in en-
hancing phagocytosis via macrophages and neutro-
phils to intracellular fungal elements.>® Meanwhile,
eye-colonizing by commensal induced the recruit-
ment of IL-17-producing y6 T cells to the conjunctiva
where they play a direct role in enhancing the neutro-
phil recruitment and the release of antimicrobials into
the tears and protected the eye from pathogenic mi-
crobial infection.*® Therefore, congenital defects in the
IL-17 pathway induce opportunistic fungal pathogens
such as Candida albicans for causing infections.®°
Studies indicated high production of L-17 by periph-
eral blood neutrophils in patients with fungal keratitis
due to high levels of airborne Aspergillus and Fusarium
conidia.’ This also indicates the vital role of IL-17 in
protection and fungal ocular infections.

IL-17 Immunity in Health and Disease

IL-17 plays a crucial role in protection against various
pathogens including bacterial and fungal infections,
in addition to diseases, inflammatory autoimmune
disorders, and cancer.? Recently, over the last years,
IL-17 has attracted attention in the context of immu-
nology and as an immunotherapeutic agent.%3 IL-17
plays a vital role in maintaining the equilibrium be-
tween the host and the microbiota in barrier tissues
under normal conditions. This cytokine coordinates
an effective mechanism within the epithelium, pre-
venting disruptions in microbial composition and un-
controlled microbial cell proliferation.®%> However,
considering anti-IL-17 therapy is a critical, as it has the
potential to disturb microbial cells and increase the
risk of opportunistic infections.®%” Overexpression of
IL-17 may lead to dry eye-induced corneal damage
and goblet cell loss in this case anti-IL-17 treatment
strongly recommended.®® For example, monoclonal
antibodies, are already available to inhibit the IL17
pathway (such as ixekizumab, brodalumab, or secuki-
numab).®?
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To medio €peuvag avagopikd e tn Ploroyia tng IvtepAeukivng-17 (IL-17) éxet AaPel peydin
TIPOoOXN KATA TNV TeEAeuTaia dekaetia yia Tnv aflohdynon Tou pOAoU TNG oTnV evioxuon TnG
Auuvag Tou EeVioT évavTl UIKpoPlakwyv Aotpwéewv. H IL-17 eivat amapaitntn yia tov EAeyxo
TOU MIKPORBLaKOU amoIKIOHOU HECW TNE TAXEIOG PUOIKNE aVOooanmoKplong o€ maboyova mou
mePINAUPBAVEL TN OTPATOAOYNON OUSETEPOPIAWY KAl TNV EMAYWYI AVTIMIKPOBIOKWY TIETTI-
Siwv. H IL-17 ouvTiBetat and mAnBuouoUg KUTTAPWY TTOU UTTAPXOULV KUPIWE eVTOC emONnAla-
KWV QPAYUWYV, CUUTTEPIAAUBAVOUEVWY CUYKEKPIUEVWY UTTOOUASWY KUTTApwy Th17 Kal
EYYEVWV AEPPOEISWV KUTTAPWV. ZTNV TTAPOUCA AVACKOTINGN EMoONMaivovTal Tooo ol Baktn-
PLAKEC OO0 KAl Ol HUKNTIAOIKEC AOIPWEELC TWV 0@OAAUWYV Kal 0 pédAo¢ ¢ IL-17 otnv duuva
Tou &evIoTh, Kal eMmAéoV Ta 0@EAN amd Tn xpnon Tng IL-17 wg avoooBeparneia.

Né€eic kAeibia
y__q__ 1I-17, Paxtipia, pudknteg, avooomomtiko, guoiky ovoaia,
ek avoaio, opBoiuds, avocgolepameio

VOL. 68 @ |SSUE 4, October-December 2023




References

INTERLEUKIN-17 AND IMMUNITY OF OCULAR INFECTIONS

10.

I1.

12.

13.

14.

15.

16.

Callegan MC, Engelbert M, Parke DW, Jett BD, Gil-
more MS. Bacterial endophthalmitis: Epidemiology,
therapeutics, and bacterium-host interactions. Clin Mi-
crobiol Rev 2002; 15:111-124

Hanet M-S, Jamart J, & Chaves AP. Fluoroquinolones
or fortified antibiotics for treating bacterial keratitis:
Systematic review and meta-analysis of comparative
studies. Can J Ophthalmol 2012; 47:493—-499.
Bertino JS. Impact of antibiotic resistance in the man-
agement of ocular infections: The role of current and
future antibiotics. Clin Ophthalmol 2009; 3:507-521.
Pitt JI, Hocking AD. Fungi and food spoilage. 2009.
Springer.

Kauffman CA, Pappas PG, Sobel JD, Dismukes WE.
Essentials of Clinical Mycology (2nd ed.). 2011.
Springer

Moore D, Robson GD, Trinci AP. 21st Century Guide-
book to Fungi with CD. 2011. Cambridge University
Press.

Phan CM, Subbaraman L, Jones L. Contact lenses for
antifungal ocular drug delivery: A review. Expert Opin
Drug Deliv 2014; 11:537-546.

Abouzeid Al, Eissa SAE, Aboelnour AE, Awad AMR.
Bacterial and fungal causes of infectious keratitis
among patients attending Research Institute of Oph-
thalmology. Bull Nat Res Centre 2020; 44:72.
Niederkorn JY. The Eye Sees Eye to Eye With the Im-
mune System: The 2019 Proctor Lecture. Invest Oph-
thalmol Visual Sci 2019; 60:4489-4495.

Miossec P, Kolls JK. Targeting IL-17 and TH17 cells
in chronic inflammation. Nat Rev Drug Discov 2012;
11:763-776.

McGeachy MJ, Cua DJ, Gaffen SL. The IL-17 family
of cytokines in health and disease. /mmunity 2019;
50:892.

Sparber F, LeibundGut-Landmann S. Interleukin-17
in Antifungal Immunity. Pathogens 2019; 8:54

Lee SK. The History of Neuroscience 2: From the
Roman Empire to the Renaissance. Epilia: Epilepsy
Commu 2020; 2:1-7.

Modarres S, Lasheii A, Oskoii NN. Bacterial etiologic
agents of ocular infection in children in the Islmic Re-
public of Iran. EMH.J. 1998;4:44-49.

Hori Y, Nakazawa T, Maeda N, Sakamoto M, Yoko-
kura S, Kubota A, et al. Susceptibility comparisons of
normal preoperative conjunctival bacteria to fluoro-
quinolones. J Cataract Refract Surg 2009; 35:475—
479.

Teweldemedhin M, Gebreyesus H, Atsbaha AH, As-
gedom SW, Saravanan M. Bacterial profile of ocular
infections: A systematic review. BMC Ophthalmol
2017; 17:212.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

TOMOX 68 ® TEYXOZ 4, OktwRploc-Aekéupplog 2023

Ayehubizu Z, Mulu W, Biadglegne F. Common bac-
terial causes of external ocular infections, associated
risk factors and antibiotic resistance among patients at
ophthalmology unit of Felege Hiwot Referral Hospi-
tal, Northwest Ethiopia: A cross-sectional study. J
Ophthal Inflamm Infect 2021; 11:7.

Fintelmann RE, Hoskins EN, Lietman TM, Keenan
JD, Gaynor BD, Cevallos V, et al. Topical Fluoroqui-
nolone Use as a Risk Factor for In Vitro Fluoroquino-
lone Resistance in Ocular Cultures. Arch Ophthalmol
2011; 129:399-402.

Garg P, Roy A, Roy S. Update on fungal keratitis.
Curr Opin Ophthalmol, 2016; 27:333-339.

Wykoff CC, Flynn HW, Miller D, Scott IU, Alfonso
EC. Exogenous fungal endophthalmitis: Microbiology
and clinical outcomes. Ophthalmology 2008; 115:
1501-1507.

Durand ML. Bacterial and Fungal Endophthalmitis.
Clin Microbiol Rev 2017; 30:597-613.

Kalkanci A. Microbiological Diagnosis of Fungal Ker-
atitis. In Mycotic Keratitis. 2019 CRC Press.
Rammohan R, Suneetha V, Sen S, Gunasekaran R, La-
litha P. Fungal Infections of the Eye. Curr Clin Micro-
biol Rep 2020; 7:39-50.

Kavanagh K. New Insights in Medical Mycology.
2007 https://doi.org/10.1007/978-1-4020-6397-8.
Miiller GG, Kara-José N, de Castro RS. Antifungicos
em infec¢des oculares: Drogas ¢ vias de administra-
¢do. Rev Bras Oftalmol 2012; 72:132—141.

FlorCruz NV, Evans JR. Medical interventions for
fungal keratitis. Cochrane Database Syst Rev 2015;
4:CD004241.

De Oliveira PR, Resende SM, de Oliveira FC, de Oli-
veira AC. Ceratite fingica. Arq Bras Oftalmol 2001;
64:75-79.

Leonardelli F, Macedo D, Dudiuk C, Cabeza MS, Ga-
marra S, Garcia-Effron G. Aspergillus fumigatus In-
trinsic Fluconazole Resistance Is Due to the Naturally
Occurring T3011 Substitution in CypS1Ap. Anti-
microb Agents Chemother 2016; 60:5420-5426.
Chaabane F, Graf A, Jequier L, Coste AT. Review on
Antifungal Resistance Mechanisms in the Emerging
Pathogen Candida auris. Front Microbiol 2019;
10:2788

Cowen LE, Sanglard D, Howard SJ, Rogers PD, Per-
lin DS. Mechanisms of Antifungal Drug Resistance.
Cold Spring Harb Perspect Med 2015; 5:a019752.
Martinez-Rossi NM, Bitencourt TA, Peres NTA, Lang
EAS, Gomes EV, Quaresemin NR, ef al. Dermato-
phyte Resistance to Antifungal Drugs: Mechanisms
and Prospectus. Front Microbiol 2018; 9:1108

Ung L, Bispo PJM, Shanbhag SS,Gilmore MS, Cho-

237




238

ISRAA ASAAD AZIZ, MARWAN Y. AL-MAQTOOFI, AHMED A. BURGHAL

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

dosh J. The persistent dilemma of microbial keratitis:
global burden, diagnosis, and antimicrobial resistance.
Surv Ophthalmol 2019; 64:255-271.

Birger RB, Kouyos RD, Cohen T, Griffiths EC,
Huijben S, Mina MJ, ef al. The potential impact of
coinfection on antimicrobial chemotherapy and drug
resistance. Trends Microbiol 2015;23:537-544.
Jindal A, Moreker MR, Pathengay A, Khera M, Jalali
S, Majji A, et al. Polymicrobial endophthalmitis: Prev-
alence, causative organisms, and visual outcomes. J
Ophthalmic Inflamm Infect 2013; 3:6.

Frey-Klett P, Burlinson P, Deveau A, Barret M, Tarkka
M, Sarniguet A. Bacterial-fungal interactions:
Hyphens between agricultural, clinical, environmen-
tal, and food microbiologists. Microbiol Mol Biol Rev
2011; 75:583-6009.

Huang Y, Yang B, Li W. Defining the normal core mi-
crobiome of conjunctival microbial communities. Clin
Microbiol Infect 2016; 22:643.¢7-643.¢12.

Basak SK, Basak S, Mohanta A, Bhowmick A. Epi-
demiological and microbiological diagnosis of sup-
purative keratitis in Gangetic West Bengal, eastern
India. Indian J Ophthalmol 2005; 53:17-22.
Bharathi MJ, Ramakrishnan R, Vasu S, Meenakshi,
Palaniappan R. Aetiological diagnosis of microbial
keratitis in South India—A study of 1618 cases. In-
dian J Med Microbiol 2002; 20:19-24.

Gopinathan U, Sharma S, Garg P, Rao GN. Review of
epidemiological features, microbiological diagnosis
and treatment outcome of microbial keratitis: Experi-
ence of over a decade. Indian J Ophthalmol 2009;
57:273-279.

Lim NCS, Lim DKA, Ray M. Polymicrobial versus
monomicrobial keratitis: A retrospective comparative
study. Eye Contact Lens 2013; 39:348-354.

Brand A, Barnes JD, Mackenzie KS, Odds FC, Gow
NAR. Cell wall glycans and soluble factors determine
the interactions between the hyphae of Candida albi-
cans and Pseudomonas aeruginosa. FEMS Microbiol
Letters. 2008;287:48-55.

Stepp MA, Menko AS. Immune responses to injury
and their links to eye disease. J Lab Clin Med 2021;
236:52-71.

McMenamin PG. The distribution of immune cells in
the uveal tract of the normal eye. Eye 1997; 11:183—
193.

Streilein JW. Ocular immune privilege: Therapeutic
opportunities from an experiment of nature. Nat Rev
Immunol 2003 3:879-889.

Streilein JW, Ma N, Wenkel H, Ng TF, Zamiri P. Im-
munobiology and privilege of neuronal retina and pig-
ment epithelium transplants. Vision Res 2002;
42:487-495.

de Paiva CS., St. Leger AJ., Caspi RR. Mucosal im-
munology of the ocular surface. Mucosal Immunol
2022; 15:1143-1157

VOL. 68 @ |SSUE 4, October-December 2023

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Taylor AW. Ocular Immune Privilege and Transplan-
tation. Front Immunol 2016; 7:37

Rouvier E, Luciani MF, Mattéi MG, Denizot F, Gol-
stein P. CTLA-8, Cloned from an Activated T Cell,
Bearing AU-Rich Messenger RNA Instability
Sequences, and Homologous to a Herpesvirus Saimiri
Gene. J Immunol 1993; 150:5445-5456.

Gaffen SL. Life before Seventeen: Cloning of the IL-
17 Receptor. J Immunol 2011; 187:4389-4391.

Yao Z, Fanslow WC, Seldin MF, Rousseau A-M,
Painter SL, Comeau MR, et al. Herpesvirus saimiri
encodes a new cytokine, IL-17, which binds to a novel
cytokine receptor. J Immunol 2011; 187:4392-4402.

Luzza F, Parrello T, Monteleone G, Sebkova L, Ro-
mano M, Zarrilli R, et al. Up-regulation of IL-17 is
associated with bioactive IL-8 expression in Helico-
bacter pylori-infected human gastric mucosa. J Immu-
nol 2000; 165:5332-5337.

Prinz I, Sandrock I, Mrowietz U. Interleukin-17 cyto-
kines: Effectors and targets in psoriasis—A break-
through in understanding and treatment. J Exp Med.
2020; 217:¢20191397.

Stadhouders R, Lubberts E, Hendriks RW. A cellular
and molecular view of T helper 17 cell plasticity in
autoimmunity. J Autoimmun 2018; 87:1-15.

Chen F, Cao A, Yao S, Evans-Marin HL, Liu H, Wu
W, et al. mTOR Mediates IL-23 Induction of Neutro-
phil IL-17 and IL-22 Production. J Immunol 2016;
196:4390-4399.

Tamassia N, Arruda-Silva F, Calzetti F, Lonardi S,
Gasperini S, Gardiman E, ef al. A Reappraisal on the
Potential Ability of Human Neutrophils to Express and
Produce IL-17 Family Members In Vitro: Failure to
Reproducibly Detect It. Front Immunol 2018; 9:795.

Archer NK, Adappa ND, Palmer JN, Cohen NA, Harro
IM, Lee SK, et al. Interleukin-17A (IL-17A) and IL-
17F Are Critical for Antimicrobial Peptide Production
and Clearance of Staphylococcus aureus Nasal Col-
onization. Infect Immun 2016; 84:3575-3583.

Huang J, Meng S, Hong S, Lin X, Jin W, Dong C. IL-
17C is required for lethal inflammation during sys-
temic fungal infection. Cel Mol Immunol 2016;
13:474-483.

Sawada Y, Setoyama A, Sakuragi Y, Saito-Sasaki N,
Yoshioka H, Nakamura M. The Role of IL-17-Produc-
ing Cells in Cutaneous Fungal Infections. Int J Mol
Sci 2021;22:5794.

Leger AJS, Desai JV, Drummond RA, Kugadas A, Al-
maghrabi F, Silver P, ef al. An Ocular Commensal Pro-
tects against Corneal Infection by Driving an
Interleukin-17 Response from Mucosal yo T Cells. /m-
munity 2017; 47:148-158.e5.

Puel A, Cypowyj S, Marodi L, Abel L, Picard C, Ca-
sanova J-L. Inborn errors of human IL-17 immunity
underlie chronic mucocutaneous candidiasis. Curr
Opin Allergy Clin Immunol 2012; 12:616-622.



61.

62.

63.

64.

65.

Karthikeyan RS, Vareechon C, Prajna NV, Dharmal-
ingam K, Pearlman E, Lalitha, P. Interleukin 17 Ex-
pression in Peripheral Blood Neutrophils From Fungal
Keratitis Patients and Healthy Cohorts in Southern
India. J Infect Dis 2015; 211:130-134.

Ge Y, Huang M, Yao Y. Biology of Interleukin-17 and
Its Pathophysiological Significance in Sepsis. Front
Immunol 2020; 11:1558.

Bér E, Whitney PG, Moor K, Reis ¢ Sousa C, Lei-
bundGut-Landmann S. IL-17 regulates systemic fungal
immunity by controlling the functional competence
of NK cells. Immunity 2014; 40:117-127.

Cui X, Gao N, Me R, Xu J, Yu FX. TSLP Protects
Corneas From Pseudomonas aeruginosa Infection by
Regulating Dendritic Cells and I1L-23-1L-17 Pathway.
Investig Ophthalmol Vis Sci, 2018; 59:4228-4237.
Suryawanshi A, Cao Z, Sampson JF, Panjwani N. IL-
17A-mediated protection against Acanthamoeba ker-
atitis. J Immunol 2015; 194:650—663.

66.

67.

68.

69.

TOMOX 68 @ TEYXOZ 4, OktwRploc-AekéuPplog 2023

INTERLEUKIN-17 AND IMMUNITY OF OCULAR INFECTIONS

Kumar P, Monin L, Castillo P, Elsegeiny W, Horne W,
Eddens T., et al. Intestinal Interleukin-17 Receptor
Signaling Mediates Reciprocal Control of the Gut Mi-
crobiota and Autoimmune Inflammation. Immunity
2016; 44: 659-671.

Martinez-Lopez M, Iborra S, Conde-Garrosa R, Mas-
trangelo A, Danne C, Mann ER, et al. Microbiota
Sensing by Mincle-Syk Axis in Dendritic Cells Reg-
ulates Interleukin-17 and -22 Production and Promotes
Intestinal Barrier Integrity. Immunity 2019; 50:446-
461.e9.

Alam J, Yazdanpanah G, Ratnapriy R, Borcherding N,
de Paiva CS, Li D, et al. IL-17 Producing Lympho-
cytes Cause Dry Eye and Corneal Disease With Aging
in RXRo Mutant Mouse. Front Med 2022; 9:849990.
Greigert V, Bittich-Fahmi F, Pfaftf AW. Pathophysi-
ology of ocular toxoplasmosis: Facts and open ques-
tions. PLOS Neglect Trop Dis 2020; 14:¢0008905.

239




EANHNIKH ETAIPEIA IATPIKHE BIOXHMEIAX
Me tnv eniotnpovikn ouvdlopydvwaon Tng 1987
EANHNIKHE ETAIPEIAL EPTALTHPIAKHZ AIMATOAONIAL & AIMOAOZIAX

!

!

=

|
ﬂf:‘l |J

|

P.‘--—-_
|

|

-
|

| i

1 il 0

MaveAAnvio Xuvedpio Yupnooio EpyaoTnpiaking
latpikncg Bioxnpeiacg AiparoAoyiac & Aipodoaiac

ABnva, Royal Olympic Hotel, 11-13 AnpiAiou 2024
(UBP1OIKOS)

HX
XOPHTOYNTAI MOPIA TYNEXIZOMEN
|ATPIKHS. EKMAIAEYSHE (CM.E. CREDITS)

’: Congresses - Publications - Digital Constructions

ASCENT  MuixahakomovAov 29, ABrfva - T. 210 7213225 - E: sioran@ascentltd.gr - www.ascentltd.gr


https://www.ascentltd.gr/wp-content/uploads/2023/07/10Biox-Prokatarktiko-2.pdf

Original article

Genotypic resistance profile of ESBL-producing enterobacterales from
wound infections in Salem, India
I

Sureshkumar Mathavi, Gopal Sree Sadhana, Rao AV Raghavendra, Rajan Reena
Department of Microbiology, Vinayaka Mission’s Kirupananda Variyar Medical College & Hospitals, Salem, India.
DOI: https://doi.org/10.5281/zenodo.10203286

241

Summary

The Extended Spectrum B-lactamases (ESBLs) have been abruptly increasing in hospital and
community settings. The present study aimed to detect ESBL producers from wound infections
and to determine the associated ESBL genotypes. Gram-negative bacilli obtained from wound
infections for a period of one year from November 2020 to October 2021 were included. Isolates
with inhibition zone size < 27 mm for Cefotaxime and < 22 mm to Ceftazidime were subjected
to phenotypic confirmation by Vitek 2 ID / AST. Extended spectrum 3-lactamase genes OXA-
10/11, TEM, SHV & CTX-M were detected by Real Time PCR. The CTX-M enzyme was the most
common ESBL genotype observed among Enterobacterales in our study. The co-expression of
ESBL genes was observed in clinical isolates of Klebsiella pneumonia and Escherichia coli. CTX-
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M & TEM genes were observed in 40% of E. coli isolates. All isolates of E. coli with CTX-M & TEM
genes were susceptible to carbapenems and amikacin. 8.33% of E. coli isolates with CTX-M ge-
notype alone were resistant to carbapenems and amikacin. 50% of K. pneumoniae isolates with
SHV, CTX-M & TEM genes showed resistance to carbapenems, -lactam/ 3-lactamase inhibitor
combinations, cefepime and aminoglycosides. In conclusion ESBL associated infections are
becoming a public health issue with respect to wide dissemination of ESBL genes and limited

therapeutic options.

y___.- Key words

wound infections, ESBL Enterobacterales, ESBLs genotypes

Introduction

Enterobacterales have emerged as the most common
etiological agent associated with nosocomial and
community acquired infection. Extended spectrum [3-
lactamases (ESBLs) are commonly plasmid encoded
B-lactamases that can inactivate narrow and ex-
tended spectrum cephalosporins, monobactams and
penicillins but are susceptible to inhibition by clavu-
lanic acid.! The frequent co-expression of resistance
to various classes of antibiotics such as fluoroquino-
lones, tetracyclines, aminoglycosides and trime-
thoprim/sulfamethazole limits the wide range of
active antimicrobials against ESBL isolates.?

The first plasmid encoded B-lactamase, TEM 1, was
described in 1960s after the introduction of first and
second generation cephalosporins in clinical practice.
The TEM enzyme is found in Enterobacterales, Pseu-
domonas aeruginosa, Haemophilus influenzae and
Neisseria gonorrhoea.? With the use of third generation
cephalosporins in clinical settings, SHV-2 ESBL type
evolved. This type could hydrolyze third generation
cephalosporins or oxy-imino cephalosporins. The SHV
ESBL type B-lactamases are most often found in Kleb-
siella pneumoniae clinical isolates as well as in other
Enterobacterales and P. aeruginosa.>* The inhibitory
activity of B-lactam/ B-lactamase inhibitors may vary
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depending on the type of inhibitor and ESBL type.
Clavulanic acid and tazobactam have been found to
be more potent than sulbactam in inhibiting SHV and
TEM ESBL types.

The CTX-M B-lactamases hydrolyze cefotaxime and
are susceptible to inhibition by clavulanate, sulbactam
and tazobactam, even though CTX-M-15 and CTX-M-
19 can hydrolyze ceftazidime, which might complicate
their phenotypic recognition.>* Compared to the CTX-
M type, TEM and SHV B-lactamases show higher hy-
drolytic activity for ceftazidime than cefotaxime. The
CTX-M variants have been reported among members
of Enterobacteriaceae, P. aeruginosa and Acinetobacter
species. The community acquired urinary tract infec-
tion has been highly associated with CTX-M enzymes.*
The OXA B-lactamases are frequently found in P. ae-
ruginosa than in members of Enterobacterales. Most
OXA ESBL type exhibit resistance to 3-lactam inhibitors
and are characterised by their high hydrolytic activity
against oxacillin and cloxacillin.®

Rapid detection and identification of ESBLs are es-
sential to the epidemiology of antibiotic resistant iso-
lates. Molecular detection of ESBL producers helps in
rapid diagnosis and obtaining epidemiological infor-
mation during outbreaks. The detection of ESBL me-
diated resistance in Gram-negative bacilli is of high
importance due to its clinical significance and the lim-
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ited therapeutic options.® The emergence of drug re-
sistance in bacteria has made the treatment of the
wound infections more difficult and also expensive.
The phenotypic confirmatory tests are highly sensitive
and specific but there are instances where the pheno-
typic confirmatory tests fail to detect ESBL pheno-
types.” The determination of the predominant ESBL
phenotype is necessary for improved therapeutic
management of wound infections as well as for
strengthening the hospital infection control measures
and antibiotic stewardship practices.

Materials & Methods

This prospective cross sectional study was carried out
for a period of one year from November 2020 to Oc-
tober 2021. Under strict aseptic conditions, wound
swabs were collected from patients with clinically sus-
pected wound infections. Wound swabs were inocu-
lated on blood agar and MacConkey agar and
incubated overnight at 37°C.

Isolates were further identified by standard bioche-
mical methods.? All Gram-negative bacilli isolates from
wound infections were subjected to antimicrobial sus-
ceptibility testing by the Kirby-Bauer disc diffusion
method using the following discs (HiMedia Laboratories
Pvt. Ltd., Mumbai, India): gentamicin (10ug), amikacin
(30ug), cefotaxime (30ug), cefepime (30ug), ceftazidime
(30ug), ciprofloxacin (5ug), cefoperazone/sulbactam
(75/30ug), imipenem (10ug), meropenem (10ug), pip-
eracillin/tazobactam (100/10pg), amoxicillin/clavulanate
(20/10 pg) and co-trimoxazole (25 pg).

All Gram-negative bacilli with inhibition zone size
< 27 mm for cefotaxime and < 22mm to ceftazidime
were subjected to phenotypic confirmation by Vitek
21D/ AST.? Turbidometrically controlled bacterial sus-
pension was used to inoculate Vitek 2 ID/AST cards.
The minimum inhibitory concentration of amikacin,
gentamicin, ciprofloxacin, imipenem, meropenem,
piperacillin/tazobactam, amoxicillin/clavulanate, co-
trimoxazole, cefotaxime, ceftazidime, ceftriazone and
cefepime were determined by Vitek 2 ID/AST cards.

For extraction and purification of DNA, HiPur A Bac-
terial Genomic DNA Purification Kit (HiMedia Labo-
ratories Pvt. Ltd., Mumbai, India) was used. Extended
spectrum B-lactamase genes OXA-10/11, TEM, SHV &
CTX-M were detected by Real Time PCR using the fol-
lowing cyclic condition: Initial denaturation at 95°C
for 10 minutes followed by denaturation at 95°C for
15 seconds and annealing and extension at 60°C for
30 seconds. Fluorescence reading for all the channels
was taken at the end of the extension stage. The cycle
threshold (Ct) is determined as the point at which the
fluorescence exceeds the threshold limit. The cycle
threshold (Ct) value of < 40 was interpreted as positive
for OXA-10/11, TEM, SHV & CTX-M genes. Lack of am-
plification curve in the target genes channel was in-
terpreted as negative.

Results
A total of 100 Gram-negative bacilli obtained from

wound samples during the study period was sub-
jected to ESBL screening (Fig 1). Out of 100 Gram-neg-
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Distribution of Gram-negative bacilli from wound infections.
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ative bacilli screened for ESBL production by the disk
diffusion method, 43 isolates were subjected to phe-
notypic confirmation by Vitek 2 ID/AST. 37 (86.05%)
out of 43 isolates were phenotypically confirmed by
Vitek 2 ID/AST (Fig 2). Among the ESBL producers, 23
(62.16%) were E. coli, 9 (24.32%) were K. pneumoniae,
2 (5.41%) were Proteus mirabilis and one isolate each
was Enterobacter aerogenes (2.70%), Enterobacter clo-
acae (2.70%) and P. aeruginosa (2.70%). Out of 43 iso-
lates, 27 ESBL genes were detected by PCR (Fig 3).
Among the ESBL isolates identified by PCR, 20
(74.00%) were E. coli, 6 (22.22%) were K. pneumoniae

SURESHKUMAR MATHAVI, GOPAL SREE SADHANA, RAO AV RAGHAVENDRA, RAJAN REENA

and a single isolate (3.70%) was E. aerogenes. ESBL ge-
notype, CTX-M was detected in 48.15% (13/27) iso-
lates. TEM and CTX-M were detected in 29.63%
isolates (8/27). The presence of the SHV, CTX-M & TEM
genotype was detected in 22.22% (6/27) isolates. The
CTX-M ESBL type was the most predominant among
ESBL producing Enterobacterales in our study. The co-
expression of ESBL genes was observed in isolates of
E. coliand K. pneumoniae. All K. pneumoniae isolates
harboured SHV, CTX-M & TEM genes. CTX-M and TEM
genes were observed in 40% of the E. Coli isolates.
(Table 1)
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Figure 2

Number of ESBL-producing isolates detected by the Vitek 2 automated method.
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Distribution of ESBL producers from wound infections.
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Out of 27 ESBL producers, 14.81% isolates showed
resistance to carbapenems, 81.48% were resistant to
fluoroquinolones and 74.07% to trimethoprim-sul-
famethoxazole. Regarding the aminoglycoside sus-
ceptibility testing, 14.81% of the isolates showed re-
sistance to amikacin and 40.74% were resistant to
gentamicin. Of the B-lactam- B-lactamase inhibitor
drugs tested, 40.74% isolates showed resistance to
piperacillin—tazobactam and 25.93% were resistant to
amoxicillin-clavulanate (Table 2). 50% of K. pneu-
moniae isolates with SHV, CTX-M & TEM genes showed
resistance to carbapenems, B-lactam/ B-lactamase in-
hibitor combinations and aminoglycosides. All E. coli
with CTX-M & TEM enzymes showed susceptibility to
carbapenems and amikacin. 8.33% of E. coli isolates
with CTX-M genotype alone were resistant to car-
bapenems and amikacin. Among the (3-lactam/ 3-lac-

tamase inhibitor drugs tested, more than 30% of E.
coliisolates with either CTX-M ESBL type or with CTX-
M & TEM ESBL enzymes were resistant to piperacillin-
tazobactam combination whereas more than 10% E.
coliisolates with either CTX-M ESBL type or with CTX-
M & TEM ESBL enzymes showed non susceptibility to
amoxicillin-clavulanate combination.

Discussion

In this study, the prevalence of ESBL producers and as-
sociated genes were studied by phenotypic and geno-
typic methods. The prevalence of different ESBL genes
in clinical isolates varies worldwide depending on geo-
graphical location, sample size and period of study.®
In our study, 27 out of 100 Gram-negative bacilli from

SE1CRE | -Distribution of ESBL genes in the study’s isolates.

ESBL genotype No of isolates
Escherichia Klebsiella Enterobacter
coli (20) pneumoniae (6) aerogenes (1)
CTX-M 12 (60.00%) 0 (0.00%) 1 (100.00%)
CTX-M TEM 8 (40.00%) 0 (0.00%) 0 (0.00%)
SHV, CTX-M &TEM 0 (0.00%) 6 (66.67%) 0 (0.00%)
(LI PR Antimicrobial resistance pattern of ESBL producers.
ESBL AMC PIT AK GEN CIP CcoT IMI MER
genotype
3 5 1 6 12 10 1 1
CTX-M (13)
(23.08%) (38.46%) | (7.69%) | (46.15%) | (92.31%) | (76.92%) | (7.69%) | (7.69%)
CTX-M & 1 3 0 2 5 4 0 0
TEM (8) (12.50%) (37.50%) (0%) (25%) (62.50%) (50%) (0%) (0%)
SHV,CTX-M 3 3 3 3 5 6 3 3
& TEM (6) (50%) (50%) (50 %) (50%) (83%) (100%) (50%) (50%)
7 11 4 11 22 20 4 4
Total (27)
(25.93%) (40.74%) | (14.81%) | (40.74%) | (81.48%) | (74.07%) | (14.81%) | (14.81%)
AMC-amoxicillin/clavulanate, PIT-piperacillin/tazobactam, CIP-ciprofloxacin, COT-cotrimoxazole, AK-amikacin, GEN-gen-
tamicin, IMI-imipenem, MER-meropenem
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wound infections were found to be ESBL producers. In
a similar report from south India, 10.76% of isolates
from pus samples were ESBL producers. In a study on
ESBL associated community acquired infection, 27%
were wound isolates.” Betsy Andrews et al. have re-
ported 32.2% ESBL isolates from wound infections.'?

By genotypic method, the most common ESBL pro-
ducer among Enterobacterales were E. coli 20/23
(86.95%), K. pneumoniae 6/9 (66.67%) and E. aerogenes
1/1 (100.00%). None of the Proteus isolates in our
study harboured ESBL genes. In a similar study from
North India, Sahoo et al have reported the predomi-
nant ESBL producers among Enterobacterales as E. coli
(44.00%), K. pneumoniae (42.60%) and Enterobacter
species (48.00%)."

In this study, the CTX-M ESBL type was more pre-
dominant among Enterobacterales. The co-expres-
sion of ESBL genes was observed in isolates of E. coli
and K. pneumoniae. All K. pneumoniae isolates har-
boured SHV, CTX-M & TEM genes. CTX-M and TEM
genes were observed in 40% of E. coli isolates. In a
multicentre study from India, the predominant ESBL
genotype among E. coli and K. pneumoniae isolates
were reported as TEM and OXA.” CTX-M enzymes
have become predominant worldwide with CTX M-15
reported as the most common variant detected in no-
socomial and community acquired infection.’ The
high frequency of CTX-M enzymes among E. coli and
K. pneumoniae isolates and their drug resistance to
multiple antibiotics have been reported from previous
Indian studies.'>'® On the other hand, absence of CTX-
M enzymes in ESBL-producing K. pneumonia clinical
isolates was reported in an Indian study in 2019."7

In this study, 50% of K. pneumoniae isolates with
SHV, CTX-M & TEM genes showed resistance to car-
bapenems (imipenem and meropenem), aminogly-
cosides (amikacin and gentamicin), B-lactam/ B-lac-
tamase inhibitor combinations (amoxicillin/clavulanate
and piperacillin/tazobactam) and fourth generation
cephalosporin (cefepime). In E. coliisolates with CTX-
M genotype, 16.67% of isolates showed resistance to
amoxicillin/clavulanate and 33.33% were resistant to
piperacillin/tazobactam. Resistance to carbapenems
(imipenem and meropenem) and amikacin was ob-
served among 8.33% of isolates. 50% of isolates
showed resistance to gentamicin and 40% of isolates
were resistant to cefepime.

All isolates of E. coli with CTX-M & TEM enzymes
showed susceptibility to carbapenems and amikacin.
12.50% of the isolates showed resistance to amoxicil-
lin/clavulanate, whereas 37.50% showed resistance
to piperacillin/tazobactam combinations. A single iso-
late of E. aerogenes with CTX-M ESBL type showed
susceptibility to carbapenems, cefepime and aminog-
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lycosides, but was resistant to 3-lactam/ B-lactamase
inhibitor combinations. Nosocomial isolates of ESBL-
producing E. coli with high level resistance to ampi-
cillin, cephalosporins, amoxicillin/clavulanate, quino-
lonones and piperacillin /tazobactam have been al-
ready reported.'®

The bla ctx-m type is identified to be the highest dis-
seminated ESBL resistant gene.'® Gram-negative bac-
teria that harbour the CTX-M gene have the ability to
transfer plasmid borne resistance to other bacterial
cells. The bla ctx-m type confers resistance to
third/fourth generation cephalosporin groups.?’ The
choice of drug for ESBL producers varies between [3-
lactam/ B-lactamase inhibitors and carbapenems. 3-
lactam/ pB-lactamase inhibitors have been the
preferred agents for less severe infection whereas car-
bapenems are preferred for more severe infections.
However the production of multiple ESBL's, the co-ex-
pression of Amp C B-lactamases and the inoculum ef-
fect may limit the efficacy of B-lactam/ B-lactamase
inhibitor combinations.?’

The prevalence of ESBL varies from <1% to >70%
across the globe.?? The extended use of cephalospo-
rins in health care settings favourites the spread of
ESBL-encoding genes. Thus, the determination of pre-
dominant ESBL genotypes could aid in the rapid se-
lection of the appropriate treatment. The knowledge
of ESBL genotypes that are prevalent in healthcare
settings probably helps in clinical decision making.

Limitation of the study

This study has limitations such as selection of samples
and shorter duration of research. Existence of Amp C
betalactamases and carbapenemase enzymes among
the study isolates were not evaluated in our study. Fu-
ture research on exploration of -lactamases from
multiple samples for a prolonged period will over-
come the drawbacks of present study.

Conclusion

CTX-M type was the predominant ESBL genotype de-
tected among the clinical isolates in our study. Exis-
tence of multiple ESBL genotypes, SHV, CTX-M & TEM
was observed among Klebsiella pneumoniae isolates.
The knowledge on ESBL genotypes that are prevalent
in a geographical region is of great importance for
epidemiological surveillance and for determining ef-
fective measures of infection control. The high burden
of antimicrobial resistance in Indian settings is chal-
lenging for clinical decision making.
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Ot B-AakTapdoec evpéwc paopatoc (Extended Spectrum B-lactamases, ESBL) éxouv auénOei
EKPNKTIKA, TOOO OTO VOOOKOUEID 600 Kal TNV KolvotnTa. H mapovoa peNETN gixe 0TOX0 va
QVIXVEVOEL TOUG MIKPOOPYAVIOUOUG TTOU TTapdyouVv ESBL og AoluWEEIG LOAAKWVY popiwV Kal
va kaBopioel Ta €idn yovidiwv ESBLc. MeAeTOnkav apvntikoi katd Gram Baktnpidia mou
ammoovVWONKaAV Ao AOIHWEELG MOAAKWV Hopiwv yia Sidotnua evog étoug, amd tov Noéufiplo
Tou 2020 éw¢ Tov OkTWwRpto Tou 2021. Mikpoopyaviouoi pue {Wwvn avacToAng < 27 mm yla
v Kegotaliun kat < 22 mm yia tnv Keptalidipn ummoBAOnkav o€ @aivotumikn empPeBaiwon
pe Vitek 2 ID / AST. Ta yovidia B-Aaktapdong ektetapévou @daopatoc OXA-10/11, TEM, SHV
& CTX-M avixveuBnkav pe Real Time PCR. To év{upo CTX-M Atav o 1o Kovog yovoTuTiog
ESBL mou mapatnpnOnke petall Twv Eviepofaktnplakwyv. Zuv-ékppaon Twv yovidiwv ESBL
mapatnEnOnKe og KAVIKA oTeNEXN Twv Klebsiella pneumoniae kau Escherichia coli. Ta yovidia
CTX-M & TEM mrapatnpendnkav oto 40% twv amopovwoewV E. coli. Oha ta oteNéxn E. coli pe
yovidla CTX-M & TEM Atav gvaicbnta o€ kapBamevéueg kat auikaaivn. To 8,33% twv amo-
povwOévtwv E. coli ue poévo yovétumo CTX-M Atav avOeKTIKA OTIC KapBamevEUEC Kal TNV
apikaoivn. To 50% twv amopovwBéviwy otehexwv K. pneumoniae pe yovidia SHV, CTX-M &
TEM epg@dviocav avOeKTIKOTNTA OTIC KAPBATTEVEUES, O€ CUVOUAOUOUC AVACTOAEWV B-AaKTA-
MNG/B-AAKTAUAONG, KEPETTIUN KAl AUIVOYAUKOGIOEG. ZUPTEPACUATIKA, Ol AOLUWEELG TTOU OXE-
tiovtal pe TNV napouacia ESBL amoteAolv cofapod B€éua dnudaotag vyeiag doov apopd tTnv
evpeia diddoon Twv yovidiwv ESBL kal TI¢ TEPIOPIOUEVEC BEPATTEVTIKEC ETTINOYEC.

Né€eic kKAaibia

y.____ Aowaéers pataxav popiov, Eviepofartnpiakd mov

rapdyovv ESBL, yovioia ESBLs
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Summary

The study was designed to determine the prevalence of serum cryptococcal antigen (CrAg)
among HIV-infected patients at the University of Benin Teaching Hospital (UBTH), Edo state,
Nigeria. The clinical symptomes, risk factors and past history of some diseases in association
with CrAg was determined on 200 HIV-infected patients within the age range of 18 to 71 years,
using the cryptococcal antigen lateral flow assay (CrAg LFA). The CD4 count of each patient
was determined using the fluorescent-activated cell sorter BD FACS count system. A structured
questionnaire was used to gather information on the socio-demographic characteristics, medical
and treatment history of patients. Ninety percent of the patients were ART treatment-experi-
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enced and 10% were ART naive. A prevalence of 4.5% cryptococcal antigenemia was observed
in the study. The infection rate was higher among the ART naive patients 5/20 (25%) than in
the treatment-experienced group 4/180 (2.2%). Age had no significant association with CrAg
(P=0.731).The association between serum CrAg and CD4 count was found to be significant (P
<0.001). More females were CrAg-positive when compared to their male counterparts, but this
difference was not statistically significant. History of past diseases such as tuberculosis, hepatitis
and diabetes mellitus were not statistically significant among the patients. Exposure to risk
factors such as alcohol intake, use of steroids and injection of drugs (drug abuse) was statistically
significant, whereas cigarette smoking and exposure to pigeon droppings were insignificant.
Although the prevalence of serum CrAg was low in this study, risk factors associated with cryp-
tococcosis must be avoided. In addition, routine screening should be implemented to improve
wellbeing and reduce morbidity. In this study we also found out that cryptococcal infection is

characteristic to AIDS patients and not HIV patients as generally perceived.

y.v Key words
Prevalence cryptococcal antigen, CrAg, serum, AIDS, HIV

Introduction

Cryptococcus spp. is known for its capability to cause
lethal fungal infections. The major cause of crypto-
coccosis is either Cryptococcus neoformans (believed
to be the primary cause of human cryptococcal infec-
tion) or Cryptococcus gattii. These were initially thought
to be subspecies of C. neoformans but have now been
identified as distinct species by molecular method in
2002.'2 Little is known about C.gattii infection in
Africa, where this pathogen has been isolated from
both clinical and environmental samples.? Current
knowledge on the epidemiology and clinical presen-
tation of C. neoformans infection in Africa is higher
compared to C. gattii infection.* Inhalation of the in-
fectious propagule from the environment is believed
to be the major mode of transmission of cryptococossis
and genotypic evidence suggests acquisition can
occur many years before the development of clinical
cryptococcosis in the context of immunosuppression.>
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Although the exact nature of the infectious propagule
is unknown, the basidiospore which is created through
sexual or asexual reproduction is an encapsulated,
round-to-oval yeast measuring 4-6 microns with a
surrounding polysaccharide capsule ranging in size
from 1 to >30 microns when cultivated in the
laboratory.” This infection occurs mainly in people
with HIV or other immune compromising conditions,
but rare in immune-competent individuals,®® whereas
C. gattii infection has been mainly described in ap-
parently immunocompetent patients.* Cryptococcal
infection is a common cause of meningitis leading to
high mortality among people living with HIV/AIDS in
Africa and Asia.'®'" It is also one of the leading causes
of death in patients in the first year of Antiretroviral
Therapy (ART), accounting for up to 20% of deaths
among AIDS patients with CD4 count < 50 cells/pL in
Africa.”? In India, Cryptococcus meningitis occurs in 2
- 45% of HIV positive patients.'>'* The World Health
Organization (WHO) recommends considering for



PREVALENCE OF SERUM CRYPTOCOCCAL ANTIGEN AMONG HIV INFECTED PATIENTS ATTENDING A UNIVERSITY
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cryptococcal antigen screening and providing pro-
phylactic therapy to those found positive for crypto-
coccal antigen among HIV-positive patients with CD4
count <100 cells/mm?3in highly prevalent areas.'> Pul-
monary infection has the tendency to spontaneously
resolve and is frequently asymptomatic,'® but localized
pulmonary infection may manifest as pneumonia,® it
may disseminate to other systems of the body with a
wide clinical spectrum, which may include crypto-
coccaemia,'” cutaneous and oral cryptococcosis,'® di-
arrhea,’” and most commonly, central nervous system
(CNS) manifestations.’*'¢ Globally, cryptococcosis re-
mains a remarkable cause of mortality among HIV-in-
fected persons despite the advent of highly active
antiretroviral therapy (HAART). In developed countries,
the 10-week mortality in HIV patients remains high,
ranging from 10-25%,2%%" while in resource-poor coun-
tries such as Uganda, a 14-day mortality rate of 20-
42% has been reported among patients with crypto-
coccal meningitis, despite treatment with amphotericin
B.22In Zambia, the 6-month mortality was 100%, with
a median survival of only 19 days, among AIDS patients
without access to antiretroviral therapy who were
treated with fluconazole. Serum cryptococccal antigen
(CrAg) is a marker for invasive or disseminated crypto-
coccal infection and the most sensitive and specific
indicator for systemic cryptococcosis.?® A positive test
therefore, warrants a search for disseminated disease.
The purpose of the study was to determine the preva-
lence of serum cryptococcal antigen among HIV-in-
fected patients at the University of Benin teaching
hospital, using a serum CrAg lateral flow dipstick
assay. We also analysed the clinical symptoms, risk
factors and past history of underlying diseases in as-
sociation with CrAg.

Materials and methods

Study population

This study was carried out at the University of Benin
Teaching Hospital (UBTH), a 700-bed tertiary hospital
located in the southern part of Nigeria, with a dedi-
cated laboratory for HIV investigations, which is sup-
ported by PEPFAR (Presidential Emergency Plan for
AIDS Relief) of the USA. Two hundred HIV-positive pa-
tients, both ART naive and treatment experienced,
within the ages of 18 and 71 years, who attended the
ART clinic, were enrolled in this study. Written in-
formed consent was obtained from each study par-
ticipant and ethical approval was obtained from the
Ethics and Research Committee of the UBTH. Each pa-
tient was interviewed, and a structured questionnaire
was used to collect information on socio- demo-

graphic data, medical and treatment history. This in-
formation included past history on the following dis-
ease conditions: Tuberculosis, Hepatitis and Diabetes
mellitus. History on the risk factors associated with
CrAg such as exposure to pigeon droppings, alcohol
intake, and smoking, use of steroids and injection of
drugs was also obtained. The patients were monitored
for clinical symptoms such as headache, fever, cough,
nausea and vomiting, which are associated with
cryptococcosis and these were also recorded in the
questionnaire. The history on intake of antiretroviral
and duration of ART was also obtained.

Serum cryptococcal antigen (CrAg) lateral flow
assay

The CrAg lateral flow assay (Immy Immuno-Myco-
logics Inc, Norman, Oklahoma, USA) was further car-
ried out, following the manufacturer’s instructions. In
brief, one drop of LF specimen diluent was putin a
disposable micro-centrifuge tube using a pipette, 40
ul of serum was added to the reservoir and mixed, and
then the white end of the cryptococcal antigen lateral
flow test strip was submerged into the specimen.The
result was read and recorded after 10 minutes. Double
lines showed a positive result while a single line indi-
cated a negative result.

CD4 cell counts

The EDTA sample was used to determine CD4 cell
counts by flow cytometry (Partec, Germany) following
the manufacturer’s instruction. Briefly, 20 ul of whole
blood was placed in a Partec tube and 20 ul of CD4 T-
cell monoclonal antibodies was added. The mixture
was then incubated in the dark for 15 minutes at room
temperature after which 800 ul of buffer was added.
The tube was then placed in the flow cytometer for
counting and the CD4 T-cell value was obtained by a
programmed computer connected to the instru-
ment.2*

Statistical analysis

All data obtained from each patient, including results
of laboratory tests were analyzed using SPSS version
22.0. CD4 count was categorized, cross-tabulated with
serum CrAg results and association was determined
using Chi-square. All statistical test of significance
were carried out at 95% level of confidence and a P -
value of < 0.05 was considered significant.?

Results

Two hundred HIV-positive patients were enrolled in
this study and their demographic characteristics were
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obtained via questionnaire as represented in Table 1.
Out of 200 HIV infected patients, 180 (90%) were ART
treatment experienced, while 20 (10%) were ART
naive. Four (2.2%) treatment experienced patients
were positive for CrAg, while 5 (25%) ART naive pa-
tients were positive for CrAg, which makes it a total
of 9 subjects positive for CrAg as presented in Table
2. The prevalence of risk factors in relation to serum
CrAg in the population such as alcohol intake (exces-
sive intake), use of steroids, drug injection/smoking
were statistically significant, while exposure to pigeon
droppings and smoking were not statistically signifi-
cant; disease conditions such as tuberculosis, hepatitis
and diabetes mellitus were not statistically significant,
as presented in Table 3. The age range of patients was
between 18 years and 71 years. The difference in age
prevalence in relation to CrAg was not statistically sig-
nificant (P = 0.731) as presented in Table 4. In con-
sidering sex distribution in relation to serum CrAg,
out of 53 males, 4 were positive for CrAg, while out of
147 females, 5 were positive for CrAg. The prevalence
in sex distribution was not statistically significant (P =
0.212) as presented in Table 5. CD4 counts of < 100
cells/ul had a higher prevalence of cryptococcal
antigen, this was followed by CD4 counts of 100-199
cells/ul and CD4 counts of > 200 cells/pl had the least
prevalence as presented in Table 6. There was a stat-
istically significant association between cryptococcus
infection and the CD4 count of the patients <200

OKAM CHIOMA CONSTANCE, MORKA EMMANUEL, MORKA BLESSING UBULU

Demographic characteristics of HIV patients
LN cnrolled in the study.

Age Distribution Frequency (%)
<20 years 1(0.5)

20 — 29 years 21 (10.5)
30 — 39 years 70 (35.0)
40 — 49 years 56 (28.0)
50 — 59 years 38 (19.0)
60 — 69 years 12 (6.0)
70 and above 2 (1.0)
Total 200 (100)
Gender

Male 53 (26.5)
Female 147 (73.5)
Total 200 (100)

cells/ul (P <0.001). All the patients had at least one
symptom and fever was the commonest in multivari-
ate analysis, all these symptoms were all not statis-
tically significant in the multivariate analysis as shown
in Table 7. Headache and nausea were found to have

R WA Determination of CrAg among ART Naive and Treatment experienced patients.

Treatment ART Naive Total No.  Total CrAg

experienced of patients  positive (%)
Age (years)  No.tested  No. +ve No. tested  No. of +ve

patients (%) patients (%)

<20 - - 1 0(0) 1 0(0)
20-29 16 0(0) 5 2 (40) 21 2(9.5)
30-39 62 2(3.2) 8 0(0) 70 2 (2.86)
40-49 52 2(3.8) 4 2 (50) 56 4(7.14)
50-59 36 0(0) 2 1 (50) 38 1 (2.6)
60-69 12 0(0) - - 12 0(0)
>70 2 0(0) - - 2 0(0)
Total 180 4(2.2) 20 5(25) 200 9(4.5)
P=0.786; P> 0.05
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Prevalence of risk factors and disease conditions associated with serum
R G CrAg in the population.

L1 B Age distribution of patients in relation to serum CrAg N = 200.

253

Sex distribution of patients in relation to serum CrAg.
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significant association with serum CrAg in univariate
analysis while vomiting and cough were not statis-
tically significant. Excessive alcohol intake, use of ste-
roids and injection of drugs were statistically signifi-
cant while exposure to pigeon droppings and
smoking were not statistically significant in the uni-
variate analysis (Table 8).

Discussion

Serum cryptococccal antigen (CrAg) is a marker for in-
vasive or disseminated cryptococcal infection and the
most sensitive and specific indicator for systemic
cryptococcosis.?? A 12 ml blood sample was collected
from each participant by vein puncture and an aliquot
of 5 ml was put in a vacutainer bottle for serum
cryptococcal antigen (CrAg) screening, using the
cryptococcal antigen lateral flow assay (CrAg LFA), and
another 5 mlinto a container with EDTA (ethylenedia-
mine tetracetic acid) for the determination of CD4 cell
count. Higher CD4 count implies greater immunity
against cryptococcal infection in HIV/ AIDS patients.

OKAM CHIOMA CONSTANCE, MORKA EMMANUEL, MORKA BLESSING UBULU

CrAg Lateral Flow Assay

The detection of cryptococcal capsular polysacchar-
ide antigen (CrAg) in serum and cerebrospinal
fluid using latex agglutination test (CrAg-latex) or
enzyme-linked immunoassay (EIA) has been in exist-
ence for over decades.?® They are also remarkable for
better diagnosis of cryptococcal infection both in
asymptomatic and symptomatic patients. In recent
time the cryptococcal antigen lateral flow assay (CrAg
LFA) was included as a valuable diagnostic tool for
cryptococcal screening. Unlike the other tests, the
CrAg LFA is a dipstickimmunochromatographic assay
which is very simple, rapid, low-cost test and requires
no lab infrastructure. It also meets the WHO assured
criteria (sensitive, specific, affordable, user-friendly,
rapid and equipment- free). It has a high sensitivity for
CrAg of all serotypes.?’ The CrAg LFA uses a combina-
tion of two monoclonal antibodies which allows for
consistent reagent quality and performance. One
monoclonal antibody is highly reactive with CrAg of
serotypes A, B, and C, the second monoclonal is highly
reactive with CrAg of serotypes A and D. When com-
bined the antibodies are highly reactive with CrAg of

LI GO Prevalence of serum CrAg in relation to CD4 count of patients.

CD4 count Negative (%) Positive (%) Total (%) P - value

<100 6 (54.5) 5(45.5) 11

100- 199 16 (88.9) 2 (11.1) 18

>200 169 (98.8) 2(1.2) 171 0.001

Total 191 (95.5) 9(4.5) 200

Chisquare =49.176 df=2
1) A Multivariate analysis.
Symptoms Total (%) +ve -ve OR 95% C.1 P
Headache 81 8(9.9%) 73 (90.1) 0.428 0.020 - 9.147 0.587
Fever 74 9 (12.2%) 65 (87.8%) 0.000 0.000 - 0.000 0.996
Nausea 61 8 (86.9%) 53 (13.1%) 0.216 0.021-2.189 0.195
Vomiting 6 1 (83.3%) 5 (16.7%) 0.269 0.018 - 4.001 0.340
Cough 37 4 (10.8%) 33 (89.2%) 0.204 0.030 - 1.415 0.108
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Diseases Total +ve -ve OR 95% CI P- value
(100%)

Tuberculosis 11 1(90.9%) | 10 (9.1%) | 0.442 0.050 - 3.887 0.462

Hepatitis 4 1 (75%) 3 (25%) 0.089 0.012 - 1.367 0.089

Diabetes 5 1 (20%) 4 (80%) 0.171 0.017 - 1.711 0.133

mellitus

RISK FACTORS

Exposure

to pigeon droppings 5 1 (20%) 4 (80%) 0.171 0.017 - 1.711 0.133

Alcohol intake 26 5(19.2%) | 21(80.8%) | 0.099 0.025 - 0.397 0.001

Smoking 14 2 (14.3%) | 12 (85.7%) | 0.235 0.044 - 1.255 0.090

Use of steroids 8 4 (50.0%) | 4(50.0%) | 0.027 0.005 - 0.139 0.000

Smoke/ inject drugs 9 3(33.3%) | 6(66.7%) | 0.065 0.013 - 0.323 0.001

Clinical symptoms

Headache 81 8(9.9) 73 (90.1%) | 0.077 0.009 - 0.631 0.017

Fever 74 9(12.2%) | 65(87.8%) | 0.878 0.807 - 0.956 -

Nausea 61 8(86.9%) | 53 (13.1%) | 0.048 0.006 - 0.393 0.005

Vomiting 6 1(83.3%) | 5(16.7%) | 0.215 0.022 - 2.062 0.183

Cough 37 4 (10.8%) | 33(89.2%) | 0.270 0.069 - 1.058 0.060

all range of cryptococcal serotypes which is an advan-
tage over CrAg latex and EIA.2 The CrAg LFA is highly
recommended for use with Serum, plasma, or CSF for
diagnosis of cryptococcal meningitis or cryptococco-
sis (non — meningeal) in symptomatic patients.? It is
also used for screening of serum or plasma in ART-
naive adults with CD4 counts less than 100 cells/mm?3
in biogeographical regions with a very high preva-
lence of cryptococcal antigenemia. CrAg LFA also has
the capacity to detect patients with asymptomatic
cryptococcal infection for urgent preemptive antifun-
gal therapy.?’ It also has a better analytical sensitivity
for C. gattii than CrAg- latex or EIA.26

In this study, CrAg LFA was used because of its effi-
ciency in detecting cryptococcosis at an early stage
both in symptomatic and asymptomatic patients.
There was no need for pretreatment of sample as is
always the case in Latex agglutination test.?” The test
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is small, lightweight and requires no refrigeration with
along shelf life (in the case of delivery). The result was
very rapid (produced in 10 minutes).

The prevalence of Cryptococcal antigen observed
in this study was 4.5% among 200 HIV-positive pa-
tients. This is low compared to previous studies done
in the University of Benin Teaching Hospital (UBTH),
Nigeria (9.8%),% University of Calabar Teaching Hos-
pital (UCTH) (13.1%),2® and in Ethiopia (8.4%).%° This
disparity in reported prevalence could be due to the
measures taken to combat this fungal infection in
Nigeria since 2012, such as the majority of the patients
undergo antiretroviral therapy (ART), and the patients
are started on fluconazole as soon as they are positive
to cryptococcal infection. Patients are also aware of
the risk factors associated with this infection and they
adhere strictly to the advice given to them by the
physician during counseling. This study corroborates

P . N
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with low prevalence of serum CrAg 2% and 5% re-
ported in developing countries such as Vietnam,* and
South Africa®' respectively. This shows that the burden
of cryptococcosis as an opportunistic infection in HIV-
infected individuals in subSaharan Africa has been re-
duced drastically. The 2.2% prevalence of serum
cryptococcal antigen recorded among ART treatment
experienced patients in this study is low compared
t07.1%in UCTH,*29.91% in UBTH?**and 13.1% in Thai-
land.?* Also a 25% serum cryptococcal antigen was
observed among ART naive patients. This finding is
higher than the 12.7% prevalence reported in Benin
city Nigeria®* and 2.6% recorded among ART naive
patients in UCTH.32 This disparity in reported preva-
lence could be due to the population enrolled for the
study. In the UBTH and UCTH study, larger ART naive
numbers (150 and 116) were enrolled for the study
while in this study only 20 persons were enrolled as
ART naive patients. The duration of ART among treat-
ment experienced patients ranged from < 1 year to
10 years and above among the subjects, the duration
of ART within 2 - 5 years recorded the highest number
of patients, the patients within < 1 year to 2 years of
duration of ART were those ART naive patients newly
introduced to antiretroviral therapy (ART) while those
who have been on ART for 6 years and above who are
supposed to have a stronger immunity against these
opportunistic infections but still have a low CD4 count
(low immunity), could be due to their exposure to
some ailments like diabetes, cancer e.t.c. that also re-
duce their CD4 count; more attention should be paid
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to these patients as they are more prone to crypto-
coccal infection. In the prevalence of disease con-
ditions associated with CrAg in the population, tuber-
culosis had 11 (5.5%) positive patients followed by
diabetes mellitus 5 (2.5%) and hepatitis 4 (2.0%); these
disease conditions are known to reduce immunity
even though the patients are on ART. Also observed
in this study was high prevalence of antigenemia
(45.5%) associated with lower CD4 counts within the
range of <100 cell/ul. This is similar to previous studies
done in USA*° and Nigeria.?*3* This could be a result
of lack of immunity against this opportunistic infection
as HIV is characteristically associated with T lympho-
cyte depletion and is highly marked in ART naive pa-
tients>3 and as also observed in this study, while a
low prevalence of antigenemia (1.2%) was associated
with higher CD4 count within the range of >200
cells/ul. This is in line with previous studies done in
Nigeria.?*3? Highly active anti-retroviral therapy
(HAART) has been reported to improve CD4 counts,
however patients on HAART that still have low CD4
counts of < 200 cell/ul are at an increased risk of de-
veloping opportunistic infections which includes
Cryptococcus neoformans. In sex distribution in relation
to CrAg, more females were seropositive for CrAg
when compared to their male counterparts. This could
be a result of lower CD4 count level among females
than males, the female population being also higher
in this study, but no statistically significant difference
was found (P =0.212). The majority of patients (7.1%)
fell between 40-49 years of age. The difference in age

35

30 A

26

20 A

15

104

<1 YEAR 2-5YEARS

6-9YEARS > 10 YEARS

Figure 1 Duration of ART.
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prevalence was also not statistically significant (P =
0.731). Risk factors associated with serum CrAg such
as alcohol intake, cigarette smoking, use of steroids
and drug abuse (smoked/injected drugs) had a sig-
nificant association with serum CrAg in the univariate
analysis while exposure to pigeon droppings was not
significantly associated with serum CrAg. Clinical
symptoms of CrAg were not statistically significant in
association with CrAg in the multivariate analysis but
they were all found to independently predict serum
CrAg in a univariate analysis except for cough and vo-
miting which were not statistically significant (Tables
7, 8). History of disease conditions such as tuberculosis,
hepatitis and diabetes mellitus were also not statis-
tically significant in association with serum CrAg in
the univariate analysis. A positive serum CrAg in a
symptomatic (such as fever, nausea, headache) HIV-
positive patient on ART, may imply primary crypto-
coccal meningitis in the background of immune sup-
pression or immune reconstitution syndrome (IRIS)
resulting from the initiation of ART, in the background
of disseminated cryptococcosis. The former scenario
would benefit from the management of the menin-
gitis while the later would benefit from both menin-
gitis treatment and IRIS treatment.

Conclusion

The low prevalence of serum CrAg among HIV- in-
fected patients as found in this study implies that this
infection has been drastically reduced in Benin city,
Nigeria, due to the fact that individuals are already
aware of this fungal infection and the risk factors as-
sociated with it, and the appropriate measures to
combat this infection are being taken. Patients with
CD4 count <100 are more prone to cryptococcal infec-
tion. Higher CD4 count implies greater immunity
against cryptococcal infection in HIV/AIDS. ART treat-
ment experienced patients have higher immunity
against CrAg than ART naive patients because HAART
has boosted their immunity. Significant risk factors as-
sociated with serum CrAg are excessive alcohol intake,
use of steroids and drug abuse as these further reduce
immunity. Thus, cryptococcal antigen screening
should be made a routine for all HIV-positive patients
accessing care in an ART clinic. This will improve the
lives of patients, reduce morbidity and prevent deaths
which may arise from cryptococcal meningitis.
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H pehétn oxeS1AoTNKE yia va Tpocdlopioel TOV EMITOAACHUO TOU KPUTITOKOKKIKOU aVTlyOVOU
opoU (CrAg) neta&u acBevwv pe HIV Aoipwén oto Mavemotnuiakd Noookopeio Tou Mmeviv
(UBTH), otnv moAiteia ‘Evto Tn¢ Niynpiac. Ta KAVIKG CUPITWHATA, Ol TTAPAyoVTECG KIvOUVOU
Kal TO LOTOPIKO Oplopévwy acBevelwv og cuvduacuod pe To CrAg mpoodlopiotnkav og 200
aoBeveic pe HIV Aoipwén nAikiag 18 éwg 71 €Twv, XPNOIMOTTOIWVTAG TV AVOCOXPWHATOYPA-
@ia avixveuong Tou KPUTITOKOKKIKOU avtiyovou (CrAg LFA). O apiBuog CD4 kaBe acBevn
PooSlopioTNKE XPNOIUOTIOIWVTAG TO cuoTtnua Hétpnong BD FACS kuttapikoU Staloyéa
EVEPYOTTOINUEVOU UE POOPIoUS. XpnolpommolOnke éva SOUNUEVO EPWTNUATOASGYIO Yia TN
OUAN\OYH TTANPOPOPLWV OXETIKA PE TA SNUOYPAPIKA XAPAKTNPIOTIKA, KAl TO 1ATPIKO IOTOPIKO
Twv acBevwv. To 90% twv acbevwv gixav 1oToptkd APng Bepaneiag ART kat to 10% Sev
gixav AaPel moTé. Xtn HEAETN o€ 4,5% avixveUBNKE KPUTITOKOKKIKI avTtyovaluia. To mTooooTto
poAuvong Atav uPnAoTEPO peTadl Twv aoBevwy mou dev eixav AaBel ART 5/20 (25%) amnod
o,TLotnVv opdda 4/180 mou eixe AaBel Oeparmeia (2,2%). H nAikia Sev gixe onpavTiki CUCXETION
pe 1o CrAg (P =0,731). H cuoxétion peta&v tng moodtnTtag CrAg opou Kat tou apluov CD4
Bpédnke va givat onuavtikn (P <0,001). MNeploodTepe yuvaikeg nTav Betikég oto CrAg o€
oUYKPLON UE TOUC AVTPEC, aAAA auTh N Slagopd Sev ATAV OTATIOTIKA ONUAVTIKI. TO IOTOPIKO
TIPONYOUUEVWYV ACOEVEIWY, OTTWE N YUUATIwOoN, N nratitida kat o cakxapwdnc diapAtng dev
ATAV OTATIOTIKA ONUAVTIKO HETAEL Twv acBevwv. H ékBeon og mapdyovteg Kivduvou, 6mwg
N TPOCANYN AAKOOA, N XPHOoN OTEPOEIOWV Kal N evOOPAEBLIa XPrioN VAPKWTIKWY ATAV OTA-
TIOTIKA ONUAVTIKH, EVW TO KATIVIOWA KAl N €KOEON O€ MEPITTWUATA TTEPIOTEPIWV ATAV N OTa-
TIOTIKA oNUAVTIKH. Av Kal 0 emmoAacpog Tou CrAg opou ATav XapnAodg otnv mapovoa
MEAETN, ol TapdyovTeG KivdUvou mou oXeTi(ovTal Pe TNV KPUTITOKOKKWON TIPETIEL va aTTo-
@evyovTtal EmmAéov, Ba mpémel va epapuoletal ENeyxog poutivag yia tn BeAtiwon Tng uyeiag
Kal TN MEiwoN TNG voonpoTNTAG. € auTh TN MEAETN BpEOnKe emiong OTI N KPUTITOKOKKIKA
Noipwén agopd acbeveic pe AIDS kat 0x1 acBeveic pe HIV, 6Twg yevikd yivetal avtiAnmto.
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AEATION EAANHNIKHZ MIKPOBIOAOTIKHZ ETAIPEIAZ

Odnyiec mpo¢g Toug oUYYPAYEIC

Fevika oTolxeia - ZKomog Tou meplodikov
To AeAtiov EAMAnvikric MikpofioAoyiknc Etaipeiac sival
n emionun tpnviaia ékdoon tng ENANvIkA¢ Mikpo-
Bloloyikng Etatpeiag, pe okomd Tn ouvexr ekmai-
bevon Twv BlomaBoloywyv, KAvikwv MikpoBlolo-
ywv, aAAdG Kat KABe mMOoTAOVA TTOU AoXOAEITAL HE
TNV £PYACTNPLAKN Kal KAIVIKA 1ATPIKH.

Kupta embiwén eival n dnuocisuon peretwy otnv
EMNvIKA A TNV AyYAIKA YAWOGOA TTOU apopoUV GAOUG
Tou¢ Topeic TG KAvikng MikpoBioloyiag (Baktn-
plohoyia, Mapacttohoyia, Mukntoloyia, loAoyia),
0oAAG kat Tig Aotmég e€e1dikevoelg TG latpiknig Blo-
naBoloyiag (Epyaotnplakn Aiatoloyia-Alpodoacia,
latpikri Bloxnueia kat Avoooloyia).

MNpdéoBacn oo mePLodikod

H mpooBaon oto meplodikod yivetal pe NAEKTPOVIKO
TPOTIO, 0€ OAA TA PEAN TNG EAANVIKAC Mikpof3loho-
YIKNA¢ Etaipiag, péow tng 1otooelidag tou meplodi-
koU NG EAMnviknc MikpoBiohoyiknc Etaipiag
(https://acta.hms.org.gr/).

Awadikaoia utofoAng mpog dnupooisuon

Ta apBpa vmofdAlovTal ATTOKAEIOTIKA UECW TNG
NAEKTPOVIKAC TTAATPOPUAS 0TO www.hms.org.gr
(Meprodikd/HAektpovikr Yool ApBpwv). Xelpo-
ypaga mou mapaAapBdvovtal pe 1o taxudpopeio,
ave€dptnta NG UTAPENG 1 OXL NAEKTPOVIKOU ap-
xeiou, 6ev Ba Aappdvovtal urt’ dSYiv. To uToaiAo-
pevo apBpo Ba mpémel va cuvodeleTal amod ETi-
oTtoAn-6rAwaon Tou ureUBuvVou cuyypagéa TTou va
BePalwvel 6T1 6AoL ol cuyypageic éxouv Slafdoel
Kal GUPPWVOULV pE TNV UTTOBOAN Tou XelpoypdPou
KOl 0TI TO ApBpo 1} éva ONUAVTIKO HEPOC AuToU Sev
€xel dnuooteuBei ) umoBAnOei yia dnuoocisuon Ka-
mmou aA\ov. Emiong Ba mpémnel va avagépetal kabe
oUYKPOUGH CUUPEPOVTWY OAWV TWV CUYYPAPEWV.
Katd tnv mapaiafn, 1o dpbpo eréyxetal yia tnv
TTANPOTNTA KAl OTN CUVEXELD ATTOOTENNETAL ATTAVTN-
TIKO NAEKTPOVIKO UVUUA 0TOV UTTEUOLVO Yia 0AAN-

Aoypagia cuyypagéa.

Eidn apBpwv mpo¢ dnuocisuon

AnuootebovTal ol TTapaKATwW Katnyopieg apBpwv:

Epeuvntikég epyaoieg: MNepiéxouv amoteAéopata
EPYAOTNPIOKWY, EMSNUIOAOYIKWY 1 KAIVIKWV UENE-
TWV TPOOTITIKOU 1 avadpOouIKoU XapaKTHPa TToU
dnuootevovTal yia mpwtn @opd. H éktaon Tou Kel-
pévou xwpic TN BiBAoypagia Sev mpémnel va umep-
Baivel Tic 5.000 Aé€elc.

Bpayxeieg Snuooigvuoelg: Exouv tnv yevikr doun
TWV EPEUVNTIKWY EPYACLWY, OUWG EXOUV UIKPOTEPO
péyeBoc éwg 1.800 Aé€eig kat £we 15 BIBAIoYpaPIKEC
avapopEc. Apopouv pelétec mou Sev Sikalohoyolv
TNV éKTAON UIag AR POUG EPEVVNTIKAC Epyaciac. H
2 UVTAKTIKA Emtpomn, petd amd mpdtacn Twv eKA-
oTOTE KPITWY, dlatnpei To SiKkaiwua va oUCTHOEL
OTOUG OUYYPAQPEIC VO LETATPEPOUV [Ia AR PN EPEV-
vNTIKA gpyaocia og Bpaxeia dnpooisuon, epdcoy,
Katd TNV Kpion touc, Sev Sikatoloyeital n EKtaon
mou €xel 600¢i. Ot ouyypageic umopouv emiong va
urtoBaN\ouv epyacieg mou €xouv e€apXng Tn Hopen
Bpaxeiwv dnuooctevoswv.

Evdla@pépouceg mepIMTWOoEelg: ATTOTEAOUV VEEC I
TTOAU OTIAVIEC TIEPITITWOELC VOO UATWY, OTTIAVIEC EK-
ONAWOELC, epapuoyn VEWV SIaYVWOTIKWY KPITNPiwv
1N véwv BepameuTikwv neBddwv. H éktaon Tou Kupiwg
KEIUEVOUL va unv umtepPaivel Tic 1.500 Aé€eig kat n Pi-
BAoypagia va punv untepPaivel TG 15 TOPATTOUTTEG.

Avaokomioegig: Avallovtal cuyxpova laTpikd
B¢pata, ota omoia mapouactalovtal ol TPOCPATES
€€eN&elc 1 avagEpovTal To CUPTIEPACHATA OEIPAC
EPEUVNTIKWY UEAETWV TWV OLYYPAPEwV. Ot avaoKo-
TINOEIG YPAPOVTAL aTTd £vav R TTEPLOCOTEPOUG OLY-
ypageic, avaloya pe tn Bspatoloyia touc. H éktaon
TOU KUPIWC KEIPEVOU va pnv umepBaivel Tic 10.000
Aé€elc kat n BiBAoypagia T 100 mapamouméc.

Emotolég mpog tnv Z0vtaén: MNepiéxouv Kpioeig
1 TTAPATNPEAOELC VIO ONUOCIEVMEVES UENETEC KATT. H
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€KTOor TouG va pnv umiepBaivel Ti¢ 500 Aé€elc kat n
BiBAoypagia Tic 5 avagopéc.

ApOBpa tn¢ Zuvtagng: Zuvtopa apBpa oxoAla-
OMOU N Kpiong emikalpwy Bepdtwy, Ta omoia ypd-
@ovTal HETA amd TMPOOKANCN TNG OUVTAKTIKNG
EMTPOTNAG. H éKktaon Toug va pnv umepPaivel Tig
1.000 Aé€eic kai n BiBAloypagia Tic 10 avagpopéc.

Oplopog ouyypagéa apOpovu

Q¢ ouyypagéac evog apBpou opiletal éva dtopo
TTIOU €XEl CUVEIOPEPEL OTOV OXESIA0UO 1) OTNV EKTE-
AEON TNC CUYKEKPIUEVNG €PEUVAC TTOU TTAPOUGIALEL
To ApBpo, cUHPwva Ue TIC 0dnyiec TS AleBvouc
Emtponn ¢ Zuvtaktwy latpikwv Meptodikwv (ICMJE):
[http://www.icmje.org/ethical_1author.html]. To me-
p1odIkO Bewpei GAOLC TOUC CLYYPAPEIC, aveédptnTa
TNC OEIPAC TOUC, WC PEPOVTEC €[OOV TNV TTAN PN EV-
Buvn evéc dpbpovu, cupmepapBavouévou Kat Tou
OPIOUOU TOU TITAOU Kal TNG OEIPAC TWV UTTOAOITIWV
OLYYPAPEWV. ATOHA TTOU TIAPEXWPENOAV TTIPOG XPrion
EYKATAOTACEIC 1] EEOTTAIOUO, KAWVIKA 1) TIPOTUTIA OTE-
Aéxn, avoAwolpa i avtidpaotrpla, édwoav olko-
VOUIKN BonBeta péow dnuootag f IBIWTIKAS Xpna-
T080TNONG, I} CUUMMARPWOAV EPWTNMATOASYLA, SV
pmmopoUv va BewpnBouv o1t MANPoULV Ta KplTthpla
Tou ouyypagéa. Emiong Ta kpttrpla autd dgv mAn-
pouLv dtoua mou oxoAiacav, 1 St1opbwaoav ) mapei-
Xav oUPBoUAEG kKatd Tn Stadikacia TG CLYYPAPNS
pépoug 11 6Aou Tou apBpou. Autd ta dtoud pro-
poUuV va avagpepBouv oto KEPAAAIO TWV EVUXAPL-
otiwv. Opdadec epyaciag umopei va avagepBouv wg
OUYYPAPEIC, EQOCOV ONA TA PEAN TTOU ATTOTEAOUV
TNV odda MANPOUV Ta KPITHPLA TTOU ava@épOnkav
Mo mavw. TéNog, avagépetal pntd 6Tl o TITAOG Tou
ouyypagéa Sev umopei va amodoBei «TIUAC EveKeV»
Aoyw B€onc. Tuxov Slapwvieg Tou avakOPouy oxe-
TIKA E TNV ATTOVOUI TOU TiTAOU TOU OUYYpaQPEd 1
TNV O€lPd TWV Cuyypapéwyv o< éva dpbpo, Ba on-
Maivouv autéuata tnv avaoTtoAr Tng Stadikaciag
Kpiong, éw¢ 6Tou autd AuBouy, ite amd To cUvolo
TWV ouyypa@éwy, n amd tnv appodia emrtpornn fBiI-
onOIKAG Kat deovtoloyiag Tou IPUHATOC TTIPOENEL-
ong tou apBpou.

EvxapioTtieg

Ta dtopa 0To KEPANALO TWV EUXAPIOTIWV Ba TPETEL
Va €XOUV EYKPIVEL TNV OUPUETOXT TOUG O€ auTo. lNa
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UAIKO TToU €xel dnuooleuBei pe omolodrimote AANo
TPOTIO KAl UTTOKELTAL O€ TIEPIOPIOUO TIVEUUATIKAG
1dlokTnoiag kat Sikawpdtwy (copyright) Ba mpémel
va avagepBei avaAuTikd o TPoTo¢ YE TOV OToio
auTé anokTABONKE Kal Twg 600nkKe n ddela. Kabe ol-
KOVOUIKN BorBela, ite dnuoota ite 1S1WTIKA Ba
TIPETIEL VA AVAPEPETAL PNTA.

2UYKPOUOT CUUPEPOVTWV

‘O)ol ol cuyypageic Ba Tpémel va avapépouv 6To
apBpo kabe mBavr) CLYKPOUCN CUUPEPOVTWY, OXE-
TIKA HE TNV LUTTO dNPOGieLON PEAETN, CUPPWVA UE
TI¢ 00nyiec TNG AleBvolg Emtporn¢ ZuvTtakTtwy la-
TPIKWV Meplodikwv (ICMJE):
[http://www.icmje.org/ethical_4conflicts.html]. Oa
TIPETIEL VA ava@épeTtal kKaBe xpnuatoddtnon mou
Ba umopouvoe va oSNy oe&l 1} va UTTOVONOEL KATEV-
Buvopevn e€aywyr) CUUTEPACUATWY, OTIWG ETTIONG
KAOe olkovopiKr 5paoTnEIOTNTA TTOU UITOPEL va EXEL
oX€0N & TNV LEAETN (TT.X. KL OXL TIEPLOPIOTIKA, TIPO-
NYOUUEVN KATOXN METOXWV N} CUPUETOXN O€ AlOIKN-
TIKA ZupBoUAia i ANPn XxpnHatodOTNoNG YIa ORINIEG
amod Taipia Tng omoiag Ta mpoidvTa eEAéyxovtal oTnV
OUYKEKPIMEVN MEAETN, KATL). H un Umtapén olykpou-
ONC CUMPEPOVTWY Ba TIPETIEL ETTIONC VA AVAQEPETAL.
ESW onuelwveTal 6Ti ol AeMTOUEPELEC TNC CUYKPOU-
oNG CUPPEPOVTWY Ogv dnuoctevovtal padi he To
apBpo, al\d mapapévouv oTnV ZUVTAKTIKA Emi-
TpOTH UTTG AuoTNEN EXEMUBELa. 1o Apbpo dnpo-
OleVETAL Hla YEVIKOAOYN ppdon, T.X. «O cuyypapéag
X.X éMafe evioyuon ané tnv etaipia Y.W. yia epsuvnti-
KoUG OKOToUC, Ij yia oMIAIEG O€ oUVESPIA K.ATL». ATTo-
Tuxia TNG CUMUOPYWONG PE auTth TV odnyia Ba
odnyei o€ emoTtpoPr Tou dPOPOoU yla CUUTARPWON,
TPV TNV EMOTNMOVLIKH KPion. X€ TEPIMTWON TTOU €K
TWV VOTEPWY ATTOKAAUPOEi CUYKPOUON CUUPEPS-
vTwv Tou dev SNAWONKE, N CUVTAKTIKI EMITPOTIH
Slatnpei To Sikaiwua va To avagépel o€ eMOUEVO
TEUXOG UE TNV Hop@r| «O cuyypapéac X.X. bev dniwaoe
mOavr) CUYKPOUON CUUPEPOVTWY, OXETIKA UE TO dp-
6po Z.Z. kai tnv etaipia Y.W.».

Odnyie¢ ouvtagng apOpwv

lMNa tn ovvtaén twv dpbpwv To MEPLOSIKO aKOAOU-
Bei Tic umodeielc Tng Alebvolg Emtponn¢ Zuvta-
KTwv latpikwv Meplodikwv (ICMJE):



[http://www.icmje.org/urm_main.html]. Amotuyia
TWV OUYYPAPEWVY VA CUMHOPPWBOOULV PE TIC 0ONnyieg
MTopEil va onuaivel emotpo®r Tou dpbpou, mptv
TNV Kpion, yia d16pObwon kat ek véou umrooAn. To
XELPOYPAPO, E TNV XPriON NAEKTPOVIKOU UTTONOY!L-
0TI Kal AoYIoMIKOU eme€epyaoiag KeIUEVoU, SAKTU-
Aoypageital og popormoinon peyéboug oehidag A4
(212 x 297 mm) ue meplBwpLa eKATEPWOEV TOUAA-
Xlotov 2,5 cm, og SImA6 didotnua Kal Je ouvexn
apiBunon oelpwv oTto aplotePo TePIBWpPLo (Mevou:
Adta&n oehibag/ApiOunon ypapuwv/Zuvexdpuevn
apiBunon).

Ol gpeuvnTIKEG Epyaoieg, ol Bpaxeieg Snpoactev-
OEIC KAl Ol EVOLaPEPOVOEC TTEPIMTWOELG O TTPETTEL
va éxouv TnV idla Kovr) dopn Kal va mephapdavouv
Ta €§AG TUAMATA, O €éva eviaio apyeio Kelpévou
(word, text, rj dAANo): Tn oeAida TiTAoU, TNV EAANVIKA
mepIANYN pe TIg Aé€elg KAeISLd, TNV ayyAIKR TTepi-
ANWn He TIc Aé€elc kKAe1d1d ota ayyAikd, To Kupiwg
Keipevo, Ti¢ euxaplotieg, Tn Sr\Awon clykpouong
OUUEEPOVTWY, TN SAwon ddslag amoé Tnv apuodia
Emtpomn BionBikng ri/kat tov EOO (spdoov amal-
TeiTal, oVHPWVA PE TNV Keipevn vopoBeoia, yia
EPEVVNTIKEG epyaoieg mapeufatikol tomou), T PI-
BAloypaia, Toug mivakeg Kat TIg AeCAVTEG TWV EIKO-
vwv. O1 eikéveg Ba mpémetl va umofdA\ovtal o€
Eexwplotd apxeia, ocuuPwva Pe TIC odnyiec mou
akoAouBouv.

H oelida tithou amotelei TNV mpwtn oeAida Tou
apBpovu kat mepthapBavet: (a) tov Titho Tou apbpov,
oToV oTToi0 S&V EMTPEMOVTAL CUVTUNOEIC AéEEWY,
(B) Ta ovépata Twv cuyypa@Eéwy (MARPEC dvopa Kal
ETWVUHO), (Y) TO EpYaAOTR P10 f TNV KAVIKH KAl TO VO-
OOKOE(O 1} TO (dpupa amd To omoio TTPoEpXETaL N
epyaoia, (6) Tnv mAnpen dievbuvon tou unelBuvou
yla tnv aAAnAoypagia cuyypa@éa, cuprmephaupa-
VOUEVOU €VOC aplBUOU TNAEPWVOU Kal [IAC EVEP-
yoU¢ S1evBuvong nAeKTPOVIKAG aAAnAoypagiag
(e-mail) kat (€) BpaxL TiTho Ot peyalutepo amd 40
ypduuata pe ta dtaotipata. OAeC ol mapamavw
mAnpo@opiec Ba mpénel va avagépovtal otnv EA-
ANVIKA YAWooa Kal 0Tn GUVEXELQ Kal TNV AyYAIKH
yAwooa.

H mepiAnyn Ba mpémel va éxel éktaon 250-400
AEEEIC (EKTOC Ao TIC EVOLAPEPOUOEC TIEPITITWOEIC

mou Ba €xel éktaon €wg 250 Aé€elg), otnv EAANVIKNA
Kal tnv AyyAikni YAwooa kat Ba mpémel va xwpiletat
o€ 4 mapaypdgouc (Zkomog, YAIko-MéBodog, Amo-
TeNéopaTta, Zupmepdopata). Kadtw amod tnv mepi-
Anyn Ba mpénel va avagépovtal ol AéEelg KAe1d1a
(3-6) otnv EAAnVIKA Kat Tnv AyyAikr YAwooa, mou
TIPETEL VA avTIoTOLXoUV aTou¢ SleBveic 6poug Tou
Index Medicus kal va amodidovtal ota EAAnviKa
oVuuewva ue o IATPOTEK (MeSH-Hellas-Bloiatpikn
Opoloyia).

To Kupiwg Keipevo Ba mpémel va xwpiletal ota
TuAuata: Eloaywyn, YAIkO kat pé6odol, Amotelé-
opata, Zu{ATNon, eKTOC amod TIC eVvOIAPEPOUDEC TTE-
PIMTWOELC TTOU Ba TTPETEL va armoTeAouvTal amod Ta
TuRpata: Elsaywyn, Nepypagn mepintwong, Xxo-
Ao | ZudATtnon. X1o YAké kal MéBodol meptypd-
(QPETAL AEMTOUEPWC O TPOTIOC EMAOYNC TOU UAIKOU 1
Twv aoBevwy, KaBwg Kal ol pébodol mou ePappod-
oOnkav, WoTe n épeuva va umopei va avamapayOei
amd epeuvNTEC TTOU EMOUUOVV TNV EPAPUOYN TNC.
> € TIEPITTWOEIC EPEVVWV TTOU APOPOULV OE avBpw-
moug, mpémel va dieukpviletal 0TI TnPndnke n Ala-
Krpuén tou EAcivki (1975) kat Ba mpémel va avagpé-
PETAL €AV N UEANETN €Xel AAPeL éykplon amod tnv
avtiotolxn Emtpornr BionBikrg kat Asovtoloyiac.
YT1a anmoteAéopata Ba mpémel va avagépovTal ava-
AUTIKA TO AMOTENECUATA UE LOPPN KEIPEVOU 1 TII-
VAKwV (600 TTIo0 CUVOTTTIKA YiveTal, Xwpic emavalig-
PeLg). 2tn oulATnon Umopei va yivel ouykplon Ue
TO AMTOTEAECHATA AANWVY EPYACIWV KAl VA avagé-
povTal Ta CuPMEPAoUATA, Ta Omoia TTPOKUTTTOUV
ané Ta anoteAéopata NG PeAETNC. AvAloya pe To
péyeBoc Tou dpBpou pmopei va yivel sUVTUNON TWV
KEQAAQiWV TWV ATTOTEAECUATWY Kal TG oulTNONC
o€ éva Kepahaio (AmoteAéopata-Xulritnon).

Ot evxapiotieg Ba mpémel va ameuBuvovtal o€
ATOMA UE OUOIACTIKN CUMBOARA 0TNV TIPAYUATOTOI-
non tn¢ £pEuvag, OTIWE TTPOAVAPEPONKE TTIO TTAVW.

H dnAwon cuyKpouong CUNPEPOVTWY Ba mpé-
TTEL VA €ival avaAuTIKR yia OAOUC TOUC CUYYPAPEIG.

H dnAwon éykpiong amd tnv apuodia Emrtponn
Bion01kA¢ 1} Tov EOD (yia peléteg mou autd amal-
TE(TAl CUPPWVA PE TNV KElUEVN vouoBeaia, T.X. PeE-
Aétec mapepBatikol TUTIOU, e A0BEVEIC, MENETEC
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a00evwv-papTUpwWY, KAL) Ba mpémnel va mephap-
Bavel Tov aplBud mpwTtokSGANOU Kal TNV NUEPOUNVIa
éykplonc. KaBiotatal cagég ott dev pmopei va dn-
pooleuBel peAéTn yia TNV omoia ot cuyypageic (n-
TNoav avadpouIKA €yKplon Yla epyaciec mou nén
gixav yivel. O1 emONUIONOYIKEC MENETEC, Ol EPYAOIEC
€ANEYXOU TNG MIKPOPIOKAG AVTOXNG, Ol CUYKPIOEIG £p-
yaotnplaknig pebodoloyiag Kal ol TapOUCIACELC TTE-
PIOTATIKWY ATTOTEAOVV (6N EPELVNTIKWY EQYACIWV
mou Sev amaltolv mapdpola EyKplon.

>1n BiPAoypagia akohouBeital To SieBvéC ov-
otnua Vancouver. Emeldi n avamapaywyn twv dp-
Bpwv amod TIC IoTooENIOEC aveLpeonC Sev PETAPEPEL
armoAUTA OAA TA TUTTOYPAPIKA OTOLXE(a (1., €101KA
YPAUMATA) Ol CUYYPAYEIC yia va e€ac@alicouV TV
opBn anddoon Twv avagopwv Ba Tpémel va ava-
TPEXOUV OTO TUTTWEVO KEIUEVO, EITE O€ EVTUTIN, EITE
o€ nAekTpoVIKA popen (apxeia .pdf). ONot ot cuy-
YPAQEIg evdC apBpou Bewpouvtal amd Kovou UTTED-
Buvol yla tnv owoTn avamapaywyr Twv BiAioypa-
PIKWV ava@opwv Tou dpBpou Kal N CUVTAKTIKA
opdda tou meploSIKoU Sev EAEYXEL TNV TUTTOYPAPLKH
akpifela Touc. Koéotog §16pbwong Adboucg avago-
PAg Tou TuXOV (ntNBei amd TPITo ATOMO UETA TNV
TENIKI) EKTUTIWON TOU TEVXOUC TOU TTEPLOBIKOU, ETTI-
Bapuvel €€ ohokApou Toug ocuyypageic. H apib-
MNoN TWV ava@opwv OTO KeiPeVo yiveTal Pe TNV
OE1PA TTOU AVAPEPOVTAL OTO KEIEVO, UE apafLkoug
aplOpoUC, we ekBETEC, HETA Ta onueia oTiéng (m.x.:
N CUYKEKPIPEVN TTApATHPNON €XEL avapepOel apxIkd
amd Toug Jones kat cuv.# kat €xel empPePalwdei kat
amd AMEC HeENETECS7812),

ApBpa neplodikwv dnuoactevpéva: Npdgovtal Ta
EMWVUHA TWV CUYYPAPEWY KAl TA aPXIKA TOU OVO-
MOTOC XWpIC TeAEig, 0TNV OUVEXELD TO TTEPLOOIKO
OTNV CUVTETUNUEVN TOU HoP®N UE TTAAYIA YPAUMATA,
OTNV OUVEXELD TO £TOC, 0 ApIBOC TOHOU (XWwpig Tov
aplBuod tevyoug o aPEvOeoN) Kal ot GeNOEC (T.X.
Klotz SA, Penn CC, Negvesky GJ, Butrus SI. Fungal
and parasitic infections of the eye. Clin Microbiol Rev
2000; 13:662-685). Otav ol cCuyypPaYE(G eival mepPLo-
obtepol and €€, avaypdgovtal Ta mpwTa £€L ovo-
pota Kat akoAouBei n AéEn “et al.” ue mAayla ypdap-
MaTa, 1} «Kal OUV.» yIa ENANVIKO dpBpo (m.x. Garcia
HH, Herrera G, Gilman RH, Tsang VC, Pilcher JB, Diaz
JF et al. Discrepancies between cerebral computed
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tomography and western blot in the diagnosis of
neurocysticercosis. Am J Trop Med Hyg 1994; 50:152-
157). X& nepintwon avag@opdg oVoudTwy ouyypa-
PEWV OTO KEIPEVO, avaypA@ETAL UOVO TO ETTWVUUO
Touc. Eav ol ouyypageic gival 00, peTall Twv enw-
vUPwv TormoBeteital N Aé€n “and” ) «kaw (yla eNAn-
VIKA dnuoaicuon). Av 1o dpbpo sival avunoypago,
0Tt 840N TWV OVOUATWY TWV CUYYPAPEWV avapE-
petat”Anonymous”n «Avwvupog» (Yia EN\nvikr 6n-
pooiguon). Na ta NAeKTpovIKA TIEPIOSIKA TTou Sev
éxouv oeNldoroinon, ) 6mou autd emiong gival e@i-
KTO, META TNV CUVTOPOYPAPIA TOU TITAOU TOU TTEPIO-
O1koU Ba mpémel va avagépetal o kwdikog DOI (Di-
gital Object Identifier) (m.x. Kalil AC. Is cefepime safe
for clinical use? A Bayesian viewpoint. J Antimicrob
Chemother 2011, doi: 10.1093/jac/ dkr 138).

ApBpa meplodikwv umo dnuocisuon: Agopd
apBpa mmou €xouv yivel amodeKTA Kal EKKPEUEL N Te-
Akr} dnuooicvor Touc. AkolouBeital n mponyou-
MEVN odnyia Kal UETA TNV ouviopoypa®ia Tou
mePLoSIKoL avaypdgetal “in press” r «umo dnuoaoi-
evony. Eav katd tnv didpkela tng Stadikaciag Kpi-
on¢ 1o apBpo TeAIkA dnuooisuBei, ol cuyypaPEic
gival umrevBuvol yla TNV avavéwaon TN avagopdc Ue
Ta oTOLXElD TOU TTEPLOBIKOU (TEVXOC, OeNideC 1} voU-
pepo DOI).

2 UyypOuUa: ava@EPOVTAL TO OVOIA TOU OUYYPQ-
@€0, 0 TITAOG, 0 ApBPOG TNG £kdooNG (av UTTAPYXOLV
TTEPIOOOTEPEC Ao Wia), 0 eKOTNC, 0 TOTOC £KSO-
oNG, To €10¢ Kal 0l 0eAideC TNC avapopdd. Na ta Ke-
@dahala BiBAiwv avaeépetal emmAéoV UETA TO
ovopa tou ekddTN Kat o Tithog Tou BiAiou (m.x. Grif-
fiths WD. Old world cutaneous leishmaniasis. In: Pe-
ters W, Killick-Kendrick R (eds). The leishmaniases in
biology and medicine. Vol. ll. London, Academic
Press, 1987:617-636).

Epyaoisc unid pop@ry avakolvwoewy o€ GUVESPLA
(Mpo@opIkéC i avnpeTnUéVEC), Sev TephauavovTal
otnv BiBAoypagia, ald umopei va mapatiBevral
o€ mapévOeon oTo Keipevo, epooov Sev €xouv ma-
PéNBel mAvw amod Svo €tn amd TNV mMapouciacn
TOUG, AVa@EPOVTAG TO OVOUA TOU TIPWTOU CUYYPQA-
@£0, To OLVEDPIO Kal TNV 0eNiBA TOU TOHOU TTPAKTI-
Kwv (m.x. Juncosa B et al, XVII Lancefield Internatio-
nal Symposium on Streptococci & Streptococcal
Diseases, Porto Heli, Greece, 2008, pp63 ). Mg na-
POUOIO TPOTO Ba TIPETEL va avaypd@ovTal Kal ol




AVAPOPEC O LIOTOOENIDEC, dTToU emIMAéoV Ba TIPETTEL
VA AVOQEPETAL KAl N NUEPOUNVIa TNE TEAEUTAIAC
EMIOKEPNC Kal EAéyXOU ammd TOUC CUYYPAPEIC (T.X.
http://www.mednet.gr/whonet, teAevtaia emi-
okePn, 1n Mdiou 2013).

O pwTtoypagieg, Ta oxApata, ta Staypdppata
K.ATT. ovopddovTal we EIKOVEC (EpOooV gival GwTo-
Ypa@ieq) | ypagpnuata (epoocov ivat oxédia), ava-
(PEPOVTAL OTA CNEIQ TOU KEIWEVOU OTTOU AVTIOTOL-
XoUV Kal aplBuouvtal pe apafikols aplBpoug
(ekdva 1, eikdva 2, K.0.K.). YToBaA\ovtal nAektpo-
VIKA w¢ aveEdptnta apyeia eikovwv (JPEG, TIFF, EPS,
KAL) oTnv uPnAoTEPN Suvatr avdiuon (to Aiydtepo
300 dpi ylo aoTIPpOUAUPEG 1) EYXPWESG PUTOYPAPIES
kal 600 dpi yla ypa@nuata mou TePIEXOUV oxEdLa
Kal ypdupata) Kal Oxl EVOWHATWHEVA OTO apXEio
Kelévou tou ApBpou. H tehikn amodoyri mpoimo-
Bétel Tov ENeyX0 TOUG amd TeXVIKN Armoyn. Ma EIKOVES
IOV O€V TTANPOVV TIG TEXVIKECG TTPOSLaypa@éc (nteital
N €K véou umtoBoAr| Toug amd Toug ouyypageic, . Ot
AeCAvteg TwV EIKOVWY Ba TPETTEL va YpA@ovTal ONEC
padi og EexwploTr) oeNiba 0To Keipevo Tou apbpou.

‘O)ol o1l MVAKEG avagEPOVTal OTA ONEIN TOU KEL-
Hévou OTIoU avTIOTOIKOUV Kal aplOpouvTal IE OLVE-
XOpEVOUC apafikolg aplBuoug (mivakag 1, mivakag
2, K.0.K.). Ot mrivakeg daktuhoypagouvTal o€ SImAd
Sldotnpa kat og Eexwplotr oehida o kabévag. H
ékTaon kaBe mivaka KaAov gival va pnv urrepPaivel
TN pia oghida. ONol ol TTivaKeC TTPETTEL VA €XOUV Ae-
CAvTeg, ol omoiec ypdgovTtal 0TO AVW HEPOC TNG
avTtioTtolxng oeAidac. Tuxov eme€nynoeig avapépo-
VTAl E TTAPATIOUTTEG OTO TEAOG TOU TTiVAKA.

3TNV ovopatoAoyia Kal oTIC MOVASEC pETpnong,
Ol PAPUOKEVUTIKEG OUCIEG AVAPEPOVTAL E TNV XN-
MIKN] Kalt OXL TNV EUTTOPIKH ovopacia toug. Ot pova-
6&¢ TwV Sl1aPoOpwWV PeEYEBWY avapEépovTal e TOUC
016V TapadekToUg CUUPBOAIGHOUC Kal OXL HIE TIG
EMNVIKEC ovopaoieg Touc. Na mapddetyua, ypdge-
Tat kutTapa/pl kat éx1 KuTTapa K.k.x. H ovopatoho-
yia Twv Baktnpiwy gival auth mou avag@épeTal oTo:
Approved lists of Bacterial names (Skerman VBD,
McGowan V, Sneath PHA, ed. American Society for
Microbiology (1989) kat oto International Journal
of Systematic and Evolutionary Microbiology. Ta
OVOMOTA TWV WV Oa TTPETTIEL VA EiVAL TA EYKEKPIUEVA

aro T S1EBvr eMTPOTN Yia TNV TAIVOUNoN TWV WV
(ICTV), onw¢ avagepovtal oto Virus Taxonomy:
Classification and nomenclature of viruses, Seventh
report of the international Committee on Taxo-
nomy of Viruses (van Regenmortel et al, ed. Acade-
mic Press, San Diego, Calif, 2000).

Ot avaoKomnioelg akoAouBouv TIC iBleg Tponyou-
MEVEC YEVIKEC 0ONYieC EKTOC TNC KEPAAAlOTTOINONC
mou gival avahoyn tou B€uatog (§ev akohouBeital
OnA. n kepahatomoinon «eloaywyry, VAIKS Kal péBo-
601, anoteAéopata culritnony).

O1 emoToAég mpog TNV XUvtaén Kal Ta apbpa
™ ZUvTagng akoAouBouv TIC TTPONYOULIEVEC YEVIKEC
0odnyieg, eKTOC TOL YEYOVOTOC OTI BV €XOLV TIEPIANYN
1 Kepalalomoinon (umofdAlovTal o€ i eviaia Ta-
paypago).

Awadikacia kpiong

‘O\ec ol epyacieg mou ummofBaAovTal KpivovTal ano
ToUNdxloTov évav e€wTePIkd KpITh Kal anmd tnv
opada ocuvtaéng tou mePlodikoU. Ot KPITEC UmopE(
va anmoteAoVV PéENN TNG ZUVTAKTIKAG EmTponng n
va gival aM\ol, kol yia 1o Béua, EmMOTAUOVEC.
KatapaMetal kdBe Sduvatr mpoomndbeia n Kpion
yta tnv amodoxr, TNV Tpomomnoinon 1 tTnv andpptyn
Mia urtoPAnBeioag epyaciac va oAoKANPWVETAL O
€UAOYO XPOVIKO SldoTtnua (Tpelg £wg TéooepiceOo-
padeg) amd TNV nuepopnvia ummofoAng tng. OAn n
aAAnAoypagia mpayuatomnoleital péow TNG NAe-
KTPOVIKNG SlevBuvong (email) Tou urelBuvou ouy-
YPa@éa, yU autd Tov AdYo €vag evepyO AoyapLaopdC
nAekTpovikoU Taxudpopeiou eival amoAiTwg ana-
paitnToC. Y& MepPIMTwon mMou ol KPItég {NTHoouV
SlopBwoelg i mpoTeivouv aAhayég, To TENIKO Slop-
Bwuévo Keipevo uMOBANETAI €K VEOU ard ToV UTTED-
Buvo ouyypagéa, os SidoTnua TPV £RSouddwv
anod TNV EMOTPOYPN TOU YIA TPOTIOTIOINON KAl CUVO-
Oeuodpuevo and emoTtohr otnv omoia Ba avagépovtal
onueio Mpo¢ onueio O6AeC ol aANayéC OTO KEIUEVO,
KaBw¢ Kkal n arttoAoynuévn amodoxn 1 améppiPn
TWV TTPOTACEWYV TWV KPITWV. MeTA TNV TENIKN aro-
boxn, N MeENETN amooTéNNETAL OTO TUTTOYPAPEio. Ot
OLYYPAQEIC, epbdoov To emMmBUPOLY, duvavtal va Ad-
Bouv Tumoypa@ikd Sokipia yia éleyxo. Ta dokiuia
TIPETTEL VA ETTIOTPEPOVTAL OTO TuTTOypPAPEiIO OE TPEIC
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TO TTOAU NEPEC UE TNV XPHON NAEKTPOVIKOU TAXU-
Spopuegiou. Epdoov ol cuyypageic embupoly avatura,
Ba mpénel va amooTteilouv emMoToAr mou Ba SnAw-
VOUV ToV aplBud avatumwy mou emMBOUUOUV. H oXeTIKn
damdvn Papuvel €€ OAOKAHPOU TOUC CUYYPAPEIC.
Aev gmitpémetal aAhayr Tou Kelpévou oto otdadlo
TWV TUTTOYPAPIKWV SOKIMiWwY Xwpic Tnv ddela Tng
Yuvtaénc.

ARAwon adelag ékdboaong

Metd tnv oploTtikr amodoxn Tou apBpou mpog dn-
pooiguon, o urtelBuvoc ocuyypagéac Ba mpémel va
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CUUTIANPWOEL KAl VA UTTOYPAYEL TNV ETTIOTOAR avd-
Beonc¢ tng ddetag ékdoong mou umopei va Bpet otnv
1otooeAida tng EAAnvikric MikpofioAoyikn¢ Etal-
piac. H cupumAnpwuévn @oéppa Ba mpémel va Tayu-
OpounBei (Katd mPOTiUNoN UE CUCTNUEVN ETTIOCTOAN
N urnpeoia Tayuuetagopdc) otnv dievBuvon «Xu-
VTaKTIKA Emttpornn, AgAtio EN\nviKA¢ Mikpof3ioho-
YIkN¢ Etaipeiag, ASCENT IKE, MixahakomoUAou 29,
115 28, ABryvar. ZnuelwveTal 6w OTI HOVO UETA TV
mapaAafn Tng emoTtoAnC Ba Eekivdel n dladikacia
EVOWHATWONG TOU ApBpou 0TO EMOPEVO TEUXOG KAl
n oTtolxeloBétnon Tou.
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Instructions to authors

General features — Scope of the Journal
The Journal of the Hellenic Society for Microbiology
(Journal of HMS) is the official Journal of the Hellenic
Society for Microbiology, aiming at the constant
education of Biopathologists, Clinical Microbiologists,
as well as of every scientist involved in Laboratory
and Clinical Medicine. The Journal of the Hellenic
Society for Microbiology is a quarterly peer-reviewed
journal, cited in Scopus® database.

Its main objective is the publication of studies in
Greek and/or English language, which are relevant
to all fields of Clinical Microbiology (Bacteriology,
Parasitology, Mycology, Virology) and to the other
subspecialties of Medical Biopathology (Laboratory
Haematology- Blood Donation, Medical Biochemistry
and Immunology). In addition, Journal of HMS is an
appropriate forum for the publication of information
related to the role of the laboratory in both the
management of infectious diseases and the eluci-
dation of the epidemiology of infections. Manuscripts
which present the results of original scientific inve-
stigations are encouraged. Finally, Journal of HMS
welcomes submission of manuscripts which describe
novel molecular methods for use in the diagnosis
or elucidation of infections. The Journal does not
charge page or article processing or any other fees
to the authors. All articles are available over the
Internet after publications as Open Access.

Access to the Journal

All members of the Hellenic Society for Microbiol-
ogy can access the journal through the HMS web-
site (https://acta.hms.org.gr/).

Submission procedure for publication

Submit your manuscript through our online system
www.hms.org.gr (Journal/Submission). Manuscripts
received by post, regardless of whether compleme-

nted with an electronic file or not, will not be taken
into consideration.

Submitted manuscripts must be accompanied
by a relevant personal statement of the author con-
firming that all authors involved have read the ma-
nuscript and agree with its submission, and that
neither the article nor a substantial part of it have
been published or submitted for publication else-
where. In addition, any conflict of interest among
all authors has to be mentioned. Upon its receipt,
the manuscript will be checked for its integrity; a
reply e-mail will then be sent to the author in ch-
arge of the correspondence.

Types of papers for publication
The following types of articles are published in the
journal:

Original articles: contain the results of prospec-
tive or retrospective laboratory, epidemiological or
clinical studies which are published for the first
time. The length of the text -excluding literature-
should not exceed 5,000 words, four to five tables
or figures and 35 bibliographical references.

Short communication: generally share the same
structure as research papers, but their length is
smaller and does not exceed 1,800 words, two ta-
bles or figures and 15 bibliographical references.
They relate to studies that do not justify the scope
of a full research paper. The Editorial Board reserves
the right to ask the authors to convert a research
paper into a short-form paper, upon a relevant pro-
posal by the respective referees, when they consi-
der that the topic does not justify the original
length. The authors may submit their work in the
form of short papers from the outset.

Case reports: include new or very rare cases of di-
seases, rare occurrences and the implementation of
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new diagnostics criteria or new therapeutic meth-
ods. The length of the text should not exceed 1,500
words two tables or figures and 15 bibliographical
references.

Review articles: modern medical issues are ana-
lyzed, where the latest developments are presented
or the conclusions of series of research studies by
the authors are listed. Review articles are written by
one or more authors, according to their theme.The
main text should not exceed 10,000 words, inclu-
ding up to 100 references.

Letters to the Editors: contain opinions or com-
ments on published studies, etc. Their length sh-
ould be no more than 500 words, including up to 5
references.

Editorial articles: brief articles commenting on
or assessing contemporary issues, published upon
invitation by the Editorial Board. Their length sh-
ould not exceed 1,000 words and 10 references.

Defining the author of an article

The author of an article is defined as the person who
has assisted in designing and/ or carrying out a spe-
cific research presented in the article, according to
the guidelines of the International Committee of
Medical Journal Editors (ICMJE)
[http://www.icmje.org/ethical_1author.html].

The journal considers all authors, irrespective of the
order of appearance, as equally bearing full respon-
sibility of an article, including its title and order of
appearance of other authors. Any individuals who
offered specific equipment or facilities, clinical or
reference strains, consumables or reagents, finan-
cial assistance through public or private financing,
or who completed questionnaires, do not meet the
criteria of an author and cannot be defined as such.
Moreover, individuals who commented, edited or
advised during the writing process of the article
cannot be included as authors. Rather, these indi-
viduals can be mentioned in the Acknowledgements
section. Working groups can be included as auth-
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ors, provided that all group members fulfill the cri-
teria mentioned above. Finally, it is explicitly stated
that no individual can be included as an author ho-
noris causa, because of a position that he/she holds.
Any disputes that arise with regard to the inclusion
of an individual as an author or to the authors’'order
of appearance in an article, will automatically trig-
ger the suspension of the evaluation process until
these disputes are resolved, either by all authors or
by the competent bioethics and ethics committee
of the institution of origin of the article.

Acknowledgements

The inclusion of individuals in the Acknowledge-
ments section must have been approved by the for-
mer beforehand. In case of material which has been
published in any other manner and is subject to co-
pyright provisions, the way in which this material
and the permission to publish it were acquired has
to be indicated in detail. Any relevant funding, ei-
ther from public or private sources, must be expli-
citly stated.

Conflict of interest

All authors must state any conflict of interest in the
article, regarding the study under publication, ac-
cording to the guidelines of the International Com-
mittee of Medical Journal Editors (ICMJE):
[http://www.icmje.org/ethical_4conflicts.html].

Any source of funding with direct or indirect impli-
cations of biased conclusions has to be mentioned,
along with any financial activity that could be asso-
ciated with the study (for instance —and not exclu-
sively— previous shareholding or participation in
Boards of Directors, financing of lectures by specific
companies whose products are examined in the
study, etc.). Nonexistence of conflicting interests sh-
ould also be mentioned. At this point, it should be
noted that all details regarding conflicting interests
are not published together with the article; instead,
the Editorial Board shall retain them under strict
confidentiality. In the latter case, the article will be
accompanied by a generic phrase, e.g. “Author XX re-



ceived support from the company YY for research pur-
poses, or for lectures at conferences, etc.” Failure to co-
mply with this guideline will result in the article
being returned to its authors for completion, before
its scientific evaluation. Should an undeclared con-
flict of interest emerge ex post, the Editorial Board
reserves the right to report it in the next issue, in the
form of “Author XX did not state a potential conflict of
interest concerning article ZZ and company YY"

Guidelines for writing articles
Regarding the writing of articles, the journal co-
mplies with the guidelines of the International
Committee of Medical Journal Editors (ICMJE)
[http://www.icmje.org/urm_main.html].
Failure of the authors to comply with these guide-
lines can lead to the article being returned for ad-
justments and resubmission, prior to its evaluation.
With the use of a computer and word processing
software, the manuscript is typed on A4 page for-
mat (212 x 297 mm) with margins on both sides of
atleast 2,5 cm, double-spaced and with continuous
line numbering in the left margin (Menu: Page
Layout > Line Numbers > Continuous).

Research papers, Short-form papers and Inte-
resting cases should have a common structure and
include the following sections in a single text file
(word, text or other): title page, Greek abstract with
key words (for manuscripts in Greek), English ab-
stract with key words, main body of the text, ackno-
wledgements, declaration of competing interests,
declaration of authorization by the competent Bi-
oethics Committee and/ or the National Organiza-
tion for Medicines (for Greek authors EOF) (when
required, in accordance with current legislation, in
the case of interventionist research papers), refe-
rences, tables and image captions. Images have to
be submitted in separate files, in accordance with
the instructions that follow.

The title page is the first page of the article and
includes: (a) the title of the article, where no abbre-
viations can be used, (b) the names of the authors
(full name and surname), (c) the laboratory or clinic

and hospital or institution where the study was car-
ried out, (d) the full address of the author in charge
of correspondence, including a telephone and fax
number and an active e-mail address, and (e) a brief
title no longer than 40 characters including spaces.
All the above information should be provided first
in Greek and then in English.

The abstract has to be between 250 and 400
words (except for interesting cases where the ab-
stract should not exceed 250 words) in the Greek
and English language (for a Greek speaking article)
or solely in English (for an English speaking article)
and it should be divided into four paragraphs (Aim
of the study, Materials and Methodology, Results,
Conclusions). Three to six key words are listed
below the abstract both in Greek and/or English (as
mentioned above), which must correspond to the
international terms of Index Medicus and be attribu-
table to Greek according to IATROTEK (MeSH-Hel-
las-Biomedical Terminology).

The main body of the text, for the Research pa-
pers and the Short-form papers, must be divided
into sections: Introduction, Materials and Meth-
ods, Results, Discussion. For the Interesting Cases
format it should be divided into the following sec-
tions: Introduction, Case Description, Comments
or Discussion.

In the Materials and Methods section, the way
in which the material or patients were selected is
described in detail, as well as the methods imple-
mented, in order for other researchers to be able to
reproduce the research. In case that the research in-
volves people, compliance with the Declaration of
Helsinki (1975) has to be stated, whereas it should
also be defined whether the study has been appro-
ved by the respective Bioethics and Ethics Commit-
tee and the respective decision No has to be
quoted (please see below).

In the Results section, the results have to be
mentioned analytically in the form of either text
or tables (as concisely as possible, without repeti-
tions). The results can then be compared with the
results of other studies in the Discussion section,
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where the conclusions stemming from these re-
sults will also be mentioned. According to the
length of the article, the Results and Discussion
sections can be merged into a single section (Re-
sults-Discussion).

The Acknowledgements section has to be ad-
dressed to individuals with substantial contribution
to the realization of the research, as mentioned
above.

The declaration of competing interests should
be analytical for all authors involved.

The declaration of authorization by the compe-
tent Bioethics Committee or the National Orga-
nization for Medicines (for Greek authors-EOF)
(when required in accordance with current legisla-
tion, e.g. for interventionist research papers, rese-
arch involving patients, studies of patients-witnes-
ses, etc.) must include the protocol number and
date of authorization. It is made clear that no rese-
arch can be published for which the authors reque-
sted retroactive authorization for work that had al-
ready been carried out. Epidemiological studies,
antimicrobial resistance control reports, compari-
sons between laboratory methodologies and cases
reports constitute types of research that require no
such authorization.

References follow the international Vancouver sy-
stem (Vancouver reference style). Due to the fact
that the referencing of articles from their websites
of origin does not fully transfer all typefaces used
(e.g. special lettering), the authors should refer to
the relevant printed text in order to ensure proper
referencing, either in printed or in electronic format
(.pdf files). The authors of an article are all held
equally responsible for the proper reproduction of
references, whereas the Editorial Board of the jour-
nal does not check references for their typographi-
cal accuracy. In case of any request by a third party
to correct a reference error after the final print of the
respective issue of the journal, the financial cost is
entirely borne by the authors. The numbering of re-
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ferences follows the sequence in which they appear
in the text, using Arabic numerals, in the form of su-
perscripts and following punctuation (e.g.: this was
originally observed by Jones et al.* and has been
confirmed by other studies as well.>7812),

Published journal articles: The surnames of the au-
thors are written first along with the initials of their
names without dots, followed by the title of the jo-
urnal in its abbreviated form in italics, then by the
year, volume number (without the issue number in
parentheses) and pages (e.g. Klotz SA, Penn CC,
Negvesky GJ, Butrus SI. Fungal and parasitic infec-
tions of the eye. Clin Microbiol Rev 2000; 13:662-
685). When the authors are more than six, the first
six names are listed and followed by the phrase “et
al” in italics (e.g. Garcia HH, Herrera G, Gilman RH,
Tsang VC, Pilcher JB, Diaz 5 JF et al. Discrepancies
between cerebral computed tomography and we-
stern blot in the diagnosis of neurocysticercosis. Am
J Trop Med Hyg 1994; 50:152-157). When mentio-
ning the name of an author within the text, only
their surname is given. If the authors are two, the
word “and” should be placed between their surna-
mes. When an article is unsigned, instead of the
names of the authors the word “Anonymous” is
used. For electronic journals with no page numbers,
or whenever this is possible, the DOI (Digital Object
Identifier) code should follow the abbreviated title
of the journal (e.g. Kalil AC. Is cefepime safe for clini-
cal use? A Bayesian viewpoint. J Antimicrob Chemo-
ther 2011, doi: 10.1093 /jac/ dkr 138).

Journal articles under publication: these are articles
which have been approved and pending final pu-
blication. The previous instructions should be fol-
lowed, whereas the abbreviated journal title is fol-
lowed by the phrase “in press” or “under publication”.
When an article is published during the evaluation
process, the authors are responsible for renewing
the reference by mentioning the relevant journal
details (issue, page numbers or DOI).

PhD thesis, book chapters or equivalent: the refe-
rence includes the name of the author, title, publi-
cation edition (in case of more than one editions),
publisher, city of publication, year and page num-
bers. For book chapters, the title of the book must



also be mentioned after the name of the publisher
(e.g. Griffiths WD. Old world cutaneous leishmania-
sis. In: Peters W, Killick-Kendrick R (eds). The leish-
maniases in biology and medicine. Vol. Il. London,
Academic Press, 1987:617-636).

Works in the form of notices at conferences (either
oral or posted) are not included in literature, but
they can be set out in the text in parentheses, as
long as no more than two years have passed since
their presentation, indicating the name of the first
author, the conference and specific page(s) in the
volume of the minutes of the conference (e.g. Jun-
cosa B et al, XVII Lancefield International Sympo-
sium on Streptococci & Streptococcal Diseases,
Porto Heli, Greece, 2008, pp63). References to web-
sites should be listed in a similar manner, further
indicating the date of the authors’last access to the
website (e.g. http://www.mednet.gr/whonet, cited
1 September 2015).

Photographs, figures, diagrams, etc. are defined
as images (in case of photos) or graphs (in case of
drawings) and they are listed in the corresponding
points of the text and numbered in Arabic numerals
(Figure 1, Figure 2, etc.). They are submitted in elec-
tronic format as individual image files (JPEG, TIFF,
EPS, etc.) in the highest possible resolution (at least
300 dpi for black and white or color photos and 600
dpi for graphs containing drawings and letters) and
not as attachments to the text file of the article.
Their final admission requires approval after tech-
nical control. When images do not meet the specifi-
cations, the authors will be requested to resubmit
them. Image captions should be written together
on a separate page in the text.

All tables are listed in the corresponding points
of the text and numbered in continuous Arabic nu-
merals (Table 1, Table 2, etc.). The tables must be
typed using double-spacing, at the end of the ma-
nuscript, after the references, in the same file. Each
table should fit in one page. All tables must be ac-
companied by captions, which are written in the
upper part of the corresponding page. Any clarifica-

tions are listed as references at the end of the table.

As far as nomenclature and units of measure-
ment are concerned, pharmaceutical substances
are mentioned by their chemical rather than by
their brand name. The various units of measurement
are referred to according to the internationally ac-
ceptable standards. The nomenclature of bacteria
can be found in: Approved lists of Bacterial names
(Skerman VBD, McGowan V, Sneath PHA, ed. Ame-
rican Society for Microbiology (1989) and in the
International Journal of Systematic and Evolutionary
Microbiology. The nomenclature of viruses has to
be approved by the International Committee on
Taxonomy of Viruses (ICTV), as referred to in Virus
Taxonomy: Classification and nomenclature of vi-
ruses, Seventh report of the international Commit-
tee on Taxonomy of Viruses (van Regenmortel et
al, ed. Academic Press, San Diego, Calif, 2000).

Reviews follow the same general guidelines ex-
cept for their structure, which should be analogous
to the subject (i.e. the “introduction, materials and
methodology, results, discussion” structure is not
applicable).

Letters to the editors and Editorial articles con-
form to the general guidelines laid out above, apart
from the fact that they have no abstract and no
individual sections (instead, they are submitted in
a single paragraph).

Evaluation process

All submitted manuscripts are evaluated by at least
one external reviewer, as well as by the Editorial
Board. The reviewers may be members of the Edi-
torial Board or other scientists who are experts on
the respective subject. Every effort is made so as to
complete the evaluation process within a reasona-
ble time (three to four weeks) from the date of its
submission, regardless of whether the paper is ac-
cepted or rejected, or has to be modified. All corre-
spondence takes place via the e-mail of the author
in charge and therefore an active e-mail account is
necessary. In case that the reviewers request cor-
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rections or suggest modifications, the final amen-
ded version will be resubmitted by the author in
charge, within three weeks from its return and ac-
companied by a relevant letter stating all modifi-
cations made in the text point by point, as well as
the reasoned acceptance or rejection of the revie-
wers' proposals. Following its final acceptance, the
manuscript is sent for printing. If they wish, the au-
thors may receive printing proofs for checking. The
proofs have to be resent to the printing office by e-
mail within three days at the most. If the authors
wish to receive reprints, they should send a letter
stating the number of desired copies. The relevant
expense is borne entirely by the authors. Extensive
changes cannot be performed while in the process
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of proof reading without prior permission by the
Editorial Board.

Declaration of publication permission
After the final acceptance of the article for publication,
the author in charge must fill in and sign the letter of
publication and printing permission, which can be
found on the Hellenic Society for Microbiology website
(www.hms.org.gr). The completed form should be
mailed (preferably by registered mail or courier) to
the address: “Editorial Board, Journal of Hellenic Society
for Microbiology, Ascent, 29 Michalakopoulou 11528,
Athens, Greece’”. It should be noted here that the
article will be sent to the printer’s only after the letter
of permission has been received.





