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Nopwéelc KNZ

d Mnviyyitida (Oeia, xpovia)

d Eyke@aAitidoa

J Napapnviyykec AoLUWEELC
(EYKEPOAIKO amootnua,
uTtookAnpidLo epnunua, erntokAnpidlo
amooTNUO, oNTTIKA BpopuBwon
neyaiwv pAeBwv pnviyywv)

JAoLUWEELC VEUPOXELPOUPYLKWV
SHUNTS



Mnviyyitidba (oéela)

BaktnpLakn

= Strept. Pneumoniae
" Neisseria meningitidis
= Haemophilus b

= Strept. Group B

= |isteria

= E.Coli

= Gram negatives

4

L 4

* o

4

(R )/

.0

1)

Aonrtn(Mn ruwdnc)

loyevnc(Enteroviruses,HSV, VZV,HIV,
Influenza)

Baktnptakn (BpoukeAha, Qupuatiwon,
oUW, Lyme, Borreliosis

Mukntiaotki(Cryptococcus, Endemic
mycoses)

ATtO pappako

NEOTIAQLOLLALTLKN)

Juotnuatika voonuata (2EA, Behcet,
ocapkoeidbwon)



H Baktnplakn pnviyyitida tTwv evnAlkwy UmopeL va
elval...

e Kowotntoc (Community-acquired)

e Noookopelokr) (Hospital-acquired): Mnviyyitida os
voonAguopevouc acBeveic, cuvnBwWC PETA ATTO VEUPOXELPOUPYLKN
eMEUPAON- LATPOVOONAEUTIKOUC XEPLOMOUC /KoLl pnviyyitda mou
ekdnAwvetal evtoc piac eBdopadac amo to €ttnplo.

® AVOOOKOTECTOAUEVWV acOsvwv



Ofela Baktnplakn pnviyyitda ErtidnuioAoyia

JUXVOTNTA | AladpEpeL avaAoya LLE TN YEWYPAPLKA
NEPLOXN

>tn A. Evpwnn 1-2/100,000 mAnBuopou/€toc
Ytnv Adpikr) 1000/100,000 mAnBuopoU/EToC

Ta epBOALO KATAL TOU TIVEULOVLOKOKKOU,
LNVLYYLTLOOKOKKOU Kol olllodiAou £xouv
oONyNoeL 0€ PLelwon TNEC cuxvoTNTOC OAAA
KUPLWCE NS Bvntotntog tng Baktnplokng
unviyyitdog, eldika os matdld ewe 5 etwv

S
I O I -
(LEXPL 54% peiwon) & i'«"; &

‘ L 4
McGill F et al, Lancet 2016 '
Van de Beek et al, Clin Microb Infect 2016



Otela Baktnplakn pnviyytdo

ErtidnuioAoyia

Ovntotnta pexpt 30%

e S. pneumoniae : 24%

* N. meningitidis . 9-12%

* H. influenzae : 5%

* L. monocytogenes . 22-30%

" JUXVOTEPO OLTLO OTOUC EVAALKEC O
Strept. Pneumoniae

= 90 avtlyovikd dtodpopeTikol opoTUTIOL

* Meiwon ouxvotntocg Le Tov EUBoAlocuo

MnviyyLttdokkocg : 13 opOTuTIOL UE
5 Kuplwc va euBuvovtal yla th
dtnBbntikn vooo(A,B,C,Y,W135)
2UXVOTEPOL OPOTUTIOL AV
yewyepadLkn meploxn: B otnv
Eupwnn, C otnv A. Eupwrn, Y oTLg
HMA, A otov tpito KOouOo

McGill F et al, Lancet 2016




Ofela Baktnplakn pnviyyitda ErtidnuioAoyia

** Haemophilus influenzae : AmoteAoVoe onUAVTIKO TtaBoyovo o€
Bpedn kat pkpa rtatdia. Omou epappoodbnke o epBoAlacpoc
TwV TtoltdLwyv €xeL e€adpavicBel

s Streptococcus suis : nNUAVTLKO TaOoyovo o€ KATIOLO LEPN OTNV
Aota (TatAavdn, Bletvap) pe onUavtiko katdAouto kwowon.
Napadyovtac kKivduvou n enadni UE XOLpOUC

¢ Listeria monocytogenes (kat eviepofaktnplakad) : nALKLwUEVOL
eVNALKEC, veoyva, Olafntikol, aAkooALkol, acBeveic pe
KOKONOELEC 1 OVOOOKATOOTAATLK OyWwyn

McGill F et al, Lancet 2016
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R dRERRE G

AITIA BAKTHPIAKHZ MHNITTITIAAZ

AvaAoya LE TNV NAIKIO KAl UTTOKEIPEVN VOO0

Ettekoven CN et al, Clin Microb Infect 2017

O Ciher

OH. influenzae
O E coli

B 5. ogolocboe
W N meningitidis
H 5. prewmonios

E i monooetogenes



Emimrwon PakTnplakAC pnviyyiTidac
(dnAwBévTta kpoUoparta 2000-2017)
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Enintwon AMN, ava opoopada
(EAAaSa, 2004-2017)
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Age Distribution of Invasive Meningococcal Disease

10 7

The incidence of
meningococcal disease is
highest among infants and

children younger than 4
years of age, with a second
smaller peak seen between

the ages of 15 to 24 years

Cases per 100,000 populations

ECDPC. Invasive Meningococcal Disease — Annual Epidemiological Report. 2016.
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METABAAOMENH EMIAHMIOAQOTIA THZ MHNITTITIAAZ

O@eiAeTal 0TO KAIVoLpYIa oulevyueva EUBOAIO

AYTIKEZ XQPEX

* Melwon enimtwoncg kata 45-64 % - o 0,7-0,9 / 100.000

e Kuplwc mveupoviokokkoC 45-72 % - pnviyyttdokokkog (kupiwe opoopada B) 11-33%

e MuwKpn HelwWON TIVEUOVLIOKOKKLKIG VOooU o€ eVAALKEC (aAAayr] opoTtUTiou)

* MeydAn peiwon opoopddac C pnviyytttdokokkou (cuAloyikn avooia — herd immunity)
e OeTIkn entibpaon kot epBoAiov pnviyyttbokokkou opoouadac B

e Xxebov e€alewn H.influenzae

ADPIKH

e Zwvn pnviyyitdag — oxedov 1 % tou mAnbucopou

* Y{ynAn enintwon vooou 10-40 / 100.000

e Kuplwg pnVIyyLTtd OKOKKOC KOl TIVEU LOVIOKOKKOG

* OceTIkn entibpaon eUPoALoU yLaL LNVLYYLITLOOKOKKO TTX yla opoopada A
e AN avaduon aAAwv opotUTtwy 1ty W kat C

N.A. AZIA

« Streptococcus suis (30 %) — {lwovooog, emadn e Xolpoug

Brower MC & Van de Beek, Curr Opin Infect Dis 2018
Hasbun R, Curr Opin Infect Dis 2019



Meningococcal Carriage by Age

O=EIA BAKTHPIAKH MHNITTITIAA : TTAGOTENEIA

Systematic review and
meta-analysis of carriage studies

Carriage prevalence

* 4.5% ininfants
 23.7%in 19 year olds
 7.8%in 50 year olds

Christensen H, et al. Lancet Infect Dis. 2010;10:853-861.

(%)

Prevalence

60

40

20 4

Estimates of meningococcal carriage
by age

Observed carriage prevalences
Fitted data
Range of 95% Cl

T 1
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Bacteria OEE'A BAKTHPIAKH MHNIF“TIAA :
Y NAGOTENEIA

Colonisation and penetration of nasopharyngeal
mucosal membranes by bacteria

+ ErimA€ov dueon npooBoAn KNZ:
Survival of bacteria in blood _ 1
and transpaortation via circulation PIYOKO)\T[}TIC
* - Meon wTtltic
- EAAgipata okANPAg pnviyyog
Invasion of the central nervous system _ TpCXOHG
]
* - N/X emepfaon
Multiplication in subarachnoidal space ——
* Figure 1. Computed tomographic imaging: Anatomical
stimulation by defect of the fovea ethmoidalis on the right side in a
—m Increased permeability of biocod-brain barrier EEEE::L:IE"&MS 57-year-old woman, with a history of three episodes of
i o P pneumococcal meningitis and prior sinus surgery
—transendothelial migration of
granulocytes and monocyles g

'

release of cytokines
and prostaglanding

— leakage of ptasma proteins

+

- cerebral edema
— increased intracranial pressure McGill Fiona et al. Lancet 2016
— impaired circulation Adriani KS et al, Neth J Med 2015




O=EIA BAKTHPIAKH MHNITTITIAA : TAGOTENEIA

Pneumococci
L NS

prsmonie_ ()
pneumoniae
—

e\ o

S0

Leucocytes ‘1

/

Astrocytic endfeet

3\/‘?
S et

o
Jeke,

Meningococci

meningitidis

O 0,
")
I

OO

O e
> \q@
(Endohmiln)

Increased intracranial
pressure

Free radicals and
oxidative stress

Colonisation,
Invasion into
thebloodstrea
m,
 Survival in the
bloodstream,
O Entry into the
subarachnoid
space

subsequent inflammation
and neurological damage
Is caused by a
combination of bacterial
and host factors

McGill Fiona et al, Lancet 2016



Invasion of SAS by T"inﬂﬂ' pathogens O=EIA BAKTHPIAKH

Multiplication of organisms and lysis of organisms by bactericidal antibiotics M H N I rrlTIAA

1

Release of bacterial cell-wall components (endotoxin, teichoic acid) nA@OFEN EIA

!

Production of inflammatory cytokines

1 Y ] .

Altered blood-brain Adherence of leukocytes Alterations Production of
barrier permeability to cerebral capillary in cerebral excitatory amino
endothelial cells blood flow acids and reactive
T oxygen and
* * nitrogen species
t Permeability of Leukocytes migrate into ]
blood vessels with CSF, degranulate, and -
leakage of plasma release toxic metabolites Cell injury
proteins into CSF and death
Exudate in SAS obstructs
outflow and resorption of
C5F and surrounds * {.
and infiltrates
_ | Cerebral
cerebral vasculature ischemia | I blood flow | t blood flow
+ L |
Vasogenic Ohbstructive ."
edeama and communicating Cy:[tot:xlc sfderna.
hydrocephalus and stroke, seizures
interstitial edema

| tIntracranial pressure

|Cuma

Source: D, L. Kasper, A. 5. Fauci, 5. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 19th Edition.
wwiw . accessmeadicine.com

Copyright £ McGraw-Hill Education. All rights reserved.




O=EIA BAKTHPIAKH :j\:@

MHNITTITIAA : KAINIKH  emsts
EIKONA

Apveital va paei
i Kave) Epeto

/.

£

-|\\-‘ \\‘ :
Auxevinn buoxapyia
Névos ous apBpwoets

Aev Eunvael evkoda

a

EuepéBioto
MNapanoviapixa kiduata

PIOE

(xpb i

penaviaopévo bépua

Avundeelo_
Ota ZWVIaVa Xpwyata

-
& KOKKIVIOV KNAHOWY =
Bl EONIKO KENTPO Ynpadia
MHNITITIAAL OLPTTIWPATa
EEGvBnpa

KOKRIVEY KNATBY ¢ pnviyyiudag



MHNITTITIAA-KAINIKH EIKONA

U Ta cupmTwpata LOYEVOUC Kot Baktnplaknc pnviyyitidag eival mapopota, aAAd
otnv 0&eid BAKTNPIOKI PNVIYYITIOO eival coBapotepa kal Tio BopuBwdn
d Awdpkela oUPMTWHATWY <24wpec oto 48%

Sensitivity Evprjpata 01wC
Clinical or laboratory feature (%) . ’
ggavonua exouv 80%

Two of the following features: fever, neck 95 gvualcbno {o yid

stiffness, altered mental status, and headache HI”]VIVVITIBOKOKKIKT']
Cerebrospinal fluid white blood cell count 93 VOGO

= 100 per pyL (0.10 = 10%per L)
Headache 87 ,
Meck stiffness 83 EAada (N > 1000)
Fever = 100.4°F (38°C) 77 QLHOpPPAYLKO e€avOnua:
Nausea 74 LNVLyYLTLOOKokKoC 61 %
Altered mental status (Glasgow Coma Scale 69 MVEU HOVl(’)KOKKOC 9 9

score < 14)
Growth of organism in blood culture 66
Triad of fever, neck stiffness, and altered 44

mental status Vassilopoulou V et al, BMC Infect Dis 2011
Focal neurologic signs 33
Selzure 5

Papilledema

Am Fam Phys 2010



MHNIITITIAA KAI KQMA

= 3710 15-20% TwV TIEPITITWOEWV 0 00OV UTIOPET va EPPOVIOOEi pe Kwpa (GCS<8)
= Me GCS =3 gpgaviletal <5%

Figure 1 Distribution of scores on Glasgow Coma Scale for adults presenting
with community-acquired bacterial meningitis

2004

KUpla BaktnpLoka
naBoyova otn pnviyyitida
LE KWHLO O TIVEU LOVLIOKOKKOG
KOlL O LNVLYYLTLOOKOKKOG

150+

Frequency
=
=
|

50

3 4 5 6 7 8 9 10 11 12 13 14 15 Lucas?ta/ .
SiaRgon E0ii Seaesei Neuroinflammation 2014




MHNIITITIAA KAI KQMA

| Masopharyngeal colonization ]
1 ’

Bloodstream invasion |
! J

S - I

—— —-— ¢ H gykatdotaon Aoipwéng
— tou KNZ pe kwpa

 Sbeachroltssce fematen | — ouoXeTiletol pe SUOHEVA

) | = eoyvwon.
{ e ] O yerous s Movo gvoc otouc 5 Ba
| ocesnas —— —_— avapPWOEL A PWC.

- % Ovnrotnta >60%

Sonneuville et al, ICM 2015




MnVIYYITIOOKOKKIKI] VOOOC Kol aUvOpouo Waterhouse-Friedericksen
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O=EIA BAKTHPIAKH MHNIITITIAA : KAINIKH EIKONA

BM S.pneumoniae N.meningitidis I,
n=352 n= 257

NeupoAoyika
onuEia

-onacoi 24% 5% .0001

-€0TIAKA 65% 33% <.0001
AvanveuoTiKn 38% 18% .0004
AQveENApPKEIQ
MnXavikog agpIoNOG 31% 14% .0005
Awatipnon 50% 88% <.0001
performance

Van de Beek D, N Engl J Med 2006




AIATNQ2TIKH A=IA KAINIKQN ZHMEIQN

Signs of meningeal irritation

Kernig sign: resistance
to full extension of leg
at knee when hip is flexed

) AT |
ar ' - . ‘<>—.

G — Brudzinski sign: flexion of both hips
and knees when neck is passively flexed

Figure 1: Kernig's and Brudzinski's signs of meningeal irritation. From: Netter’s Atlas of Human Anatomy

2HMEIO EYAIZOHZIA % EIAIKOTHTA %

Auvxevikni duokaupio 13-30 68-80

o. Kernig 2-14 92-97

o. Brudzinski 2-11 93-98

Head jolt 6-21 82-98

Dorsett M & Liang S, Emerg Med Clin N Am 2016



EMINAOKEZ KAI EKBAZH BAKTHPIAKHZ MHNIITITIAAZ

Table 3. Complications during the Clinical Course and Outcomes in Adults with Bacterial Meningitis.*
Frequency Frequency
Complications (%) Outcome (%)
Systemic complications Score on Glasgow Outcome Scale
Cardiorespiratory failure 29 1 (death) 21
Hyponatremia 26 2 (vegetative state) <1
Disseminated intravascular coagulation 8 3 (severe disability) 3
Arthritis 2-6 4 (moderate disability) 10
Endocarditis/myocarditis <1 5 (mild or no disability) 66
Deterioration of consciousness Focal neurologic abnormalities
Clinical evidence of meningoencephalitis 15-20 Cranial-nerve palsies
Seizures 15-23 Third nerve 1
Brain edema 6-10 Sixth nerve 3
Hydrocephalus 3-8 Seventh nerve 1
Focal neurologic abnormalities Eighth nerve 14
Cerebrovascular complications 15-20 Aphasia 2
Arterial infarction or vasculitis 10-15 Hemiparesis 4
Venous infarction 3-5 Quadriparesis
Hemorrhage <1 Late effects
Hearing loss 14-20 Cognitive impairment 10
Subdural empyema <1
Brain abscess <l
Myelitis <l

* Frequencies are for patients who are not routinely treated with early dexamethasone therapy; if routine dexamethasone
therapy is provided, complications and the sequelae are expected to decline.

Van De Beek D et al, NEJM 2006




[Mpoyvwon BM g€ eVNAIKEC

BM S.pneumoniae | N.meningitidis 0
n=352 n= 257
E—
OvnToTNTA 30% 7% <.001
— /
KWPWOon 22% 8% .001
napaiuon 6% 1,5% 0.05
EYKEPAAIKWV
ouluylwVv
Hui-TeTpa-napeon 9% 2% 0.05
agaaia 3% 1% NS

Van de Beek D, N Engl J Med 2006



AIATNQ2TIKH MPOZEIMTIZH KA ANTIMETQIIZH BM

KAINIKH YTTOWIA

ONTIT—ENY (BuBookonnon — CT eykedalou ?)
K/a alpatoc

a/a BwpakKoc

E€€taon ovupwv (avTLlyOovo MVEULOVIOKOKKOU )

E€€taon e€avOnuatiknc PAAPNC (avappodnon pe Bedova): Gram, k/a

ENAP=H EMTIIEIPIKHZ ANTIMIKPOBIAKHX ©EPATEIAZ
TO TAXYTEPO AYNATON <% -1 wpa



AIATNQZTIKH NMPOZEITIZH KAl ANTIMETQIIZH BM

H AnPn kat e€€taon touv ENY (Fevikn, kaAAEpyeta, Gram xpwon, PCR, lactate)
amoteAel kKAewoL (gold standard) yia tn dtdyvwon Tou attiou TNG pnviyyitdag

O Av n ONN yivel peta TNV Xopriynon avtiBLotkwy
ey S HELWVETAL Katd 44% n evaloBOnoia tng Gram
Xpwong

O Ot poprokeg pgBodol dratnpouv tnv vPnAn
gvoaocOnoia (87-100%) kot eldikotnta (98-100%)
TIoU SLABETOUV Lol APKETEC NUEPEC LETA TNV EVapPEN

TNG AVTLULKPOBLAKAG aywyng

Cerebrospinal fluid 1

L To yoAaktikd o€0 ENY av AndBet mpiv tnv €vapén
OYWYNG UTOPEL LE TNV AUENUEVN TOU TLUN VA
SLaKplvel TNV BaKTnpLaK Ao TNV LOYEVN
unviyyitda (evacOnoia 93%, eldikotnta 96%)

Spinal needle-

McGill F et al, Lancet 2016



CSF samples are collacted
and the pressure is measured

AIATNQ2TIKH MPOZEITIZH BM

ANTENAEI=ZEIZ ONI1

1.Yrmoia eykedaAiknc BAaBNc tumou
Hadag

- EoTlakn cupmtwpatoAoyia

- Oidnua omtkwyv BnNAwv

- 20yXUON-Kwua
2. 2nuovtikn BpopBormevia- dStatapaxeg
TINKTLKOTNTOLC
3. QAeypovr 6€pUaTOC OTO ONUELO

TNC AP OAKEVTNONC
4. YoBapn atpoduvaulkn aotabela

Van de Beek et al, Clin Microb Infect 2016



AIATNQZTIKH NMPOZEITIZH BM

[Mold¢ o poAocg tn¢ Bubookomnnonc?
Qidnua omtiknc BnANg (3%) *

/\

oxl val l
/ avénon evSokpaviac rieonc
ONIT BpouBwon dAeBwdouc KOAMoU,

anodpaén otn pon ENY,
urtookAnpidlo eununua l

CT eyKEPAAOUL PE OKIAYPAPIKO

NX ektipnon

(* Ze ONIN kivouvog eykoAeaaguou < 2%) Van de Beek, NEJM 2006



AIATNQZTIKH NMPOZEITIZH BM

Evdeiéelc CT eyke@AAoL (TipoAnyn eyKoAeaopoL)

* Yoia XwpoKATAKTNTIKNG BAABNC- amooTnua
 YoBapn dlatapaxn emmEdoL ouvveidnong— GS < 10 (8-13)
* Oidnua omTikNg BNANC

* EOTIOKA VELPOAOYIKA anUEid (UN aVTIOPWO A KOPN-
TIOBOAOYIKA OTITIKA TIEDIN)

« NEOI I TAPATETAPEVOL ETIANTITIKOI OTIOCUOI
* AVOOOKOTOOTOAN ( HIV +, yetapooxevaon)

* Havaitia kabuoTtEpnon avTIPIKPOPBIOKAC aywyng avéavel Tn Bvntotnta
* Eav n CT kpivetal avaykaia Kot 6a TIPOKAAETEL KOBLOTEPNON,
TO aVTIBIOTIKA Xopnyouvtal eUTEIPIKA AMEZA

Van de Beek et al, Clin Microb Infect 2016
McGill F et al, Lancet 2016



Evdeiéelc CT eyke@AAov (TipoAnyn eyKOAEQGUOL)

Table 1. Indications for cranial imaging in adults with suspected meningitis as per guidelines

Indications for IDSA ESCMID UK Swedish

cranial imaging guidelines [4"] guidelines [42] guidelines [17""] guidelines [18]
Altered mental status GCS5<15 GC5< 10 GCS5<12 Cerebral herniation
Focal neurological signs Yes Yes Yes Yes

New-onset seizures Within 1 week Within 1 week Continuous or unconfrolled seizures No
Immunosuppression Yes Yes No No

History of CNS disease Yes No No No

Papilledema Yes No Yes No

e Eival ouyvn n éieveépyela CT xwpic evdelEn (OAavdia: 74 %)

* Houppopdpwon npog TLc katevBuvtnpleg odnyleg dev Eemepva
10 50 %

* OMavdia (BM, n=1533), eykoAeaopoc 3,1 % wg mbavo
arotéAeopo ONNM
10 40 % TV A0BEVWV PE EYKOAEATUO €ixav (UOIOAOYIKN CT

Habsun R, Curr Opin Infect Dis 2019

Costerus JM et al, Clin Infect Dis 2018



AIATNQ2TIKH MPOZEITIZH BM

Evpripata amo to ENY

Investigation Normal Bacterial Viral Tuberculous Fungal
Opening Pressure  10-20cm High Normal/high High High/very high
Colour Clear Cloudy “Gin” Clear Cloudy/yellow Clear/cloudy

High/very high  Slightly increased ~ Slightly increased ~ Normal-high
100-50000 5-1000 <500 0-1000

Differential Lymphocytes Neutrophils Lymphocytes Lymphocytes Lymphocytes

Cells <5

CSF/Plasma Low Low-very low
50-66% Normal Normal-low
Glucose <40% (<30%)
High Normal-high High-very high Normal-high
Protein (g/l) <0.45 ’ ’ i .

>1 0.5-1 1.0-5.0 0.2-5.0

Solomon T, J Infect 2012



CSF /SERUM: Recommended Routine testing EFKEQANITIAA/MHNITTITIAA

C5F
Collect at least 20 cc fluid, if possible; freeze at least 5-10 cc fluid, if possible * ’ ’
o0
Opening pressure, WBC count with differential, RBC count, protein, glucose ¢ MNavta dJU)\OLuE

Gram stain and bacteral culture 68 l'.v Ha OpOl'J KOL

H5V-1/2 PCR (if test available, consider HSV C5F lgG and IgM in addition) ENY o LIJ E'O
VZV PCR (sensitivity may be low; if test available, consider VZV CSF 1gG and lgM in addition) ot UYEL
Enterovirus PCR

Cryptococeal antigen andfor India Ink staining & Ci /
Oligoclonal bands and lgG index « Film array omou

VDRL glval EPLKTO

SERLIM
Routine blood cultures
HIV serology (consider RNA)
Treponermnal testing (RPR, specific treponemal test)
Hold acute serurm and collect convalescent serum 10-14 d later for paired antibody testing

s Mavta €Aeyxocg
yvia HIV

Tunkell et al, CID 2008



XPQ>H GRAM TOY ENY

Streptococcus pneumoniae in cerebrospinal fluid Haemophilus influenzae in cerebrospinal fluid
Neisseria meningitidis in cerebrospinal fluid Listeria monocytogenes in cerebrospinal fluid

- Xpnouwun otav n k/a elval apvnTiKn
- Emnpeddletal Aityo ano AqPn avtiBlotikov tptv tnv ONI




EYPHMATA 2TO ENY 2E BAKTHPIAKH MHNITTITIAA

Dlagnostic accuracy of micmbiological examination per causative organism of community-acquired bacterial meningitis without previews antibiotic therapy [110]

Pathogen sersitiviry (X|

Blood culture  CSFCmmstin -~ GFoulure  GFhtexaggutinationtes  GFPR GSF immunoc hromatography

Haemaphius influenzae 50-40 50 U5 TE-100 ol-100  MNA
Stre placcocus preumonie 75 4 ) 5-100 10-100  95-100
Nefsseria meningridls dl-bl 10-50 Bl 11-43 9-10  MA
Listeria monocytogenss 10-75 2535 NA NA NA NA

(3F, cerebmspinal fluid; PCR, polymerase chain reaction; NA, not applicable.

KAAAIEPTEIA ENY: pe@odog dtayvwoTtikn
H AP n avtBrotikwy mpv tTnv ONM pewwvel tnv evatodbnoia tng 6-20 %

JYTKOAAHTINONTIAPAYH ME LATEX (taxeiat avixvevuon avtlyovwy):
Muwpn xpnowuotnta - povov otav eAAeimouv AAAa TeoT
H AQqdn avtiBrotikwy rpv tnv ONIM pelwvel Tnv evocOnoia tng

[MPOKAAZITONINH ENY: Tipég cut off 0,25-2,13
EvaloBnoia 90 % kat eldikotnta 98 % ylo BM — auv€avel mpwipa o€ 3-4 wpeg
Auéavel koL og oY KoL IVEVUOVIA — TIEPLOCOTEPEC LEAETEC AVOLYKALEC

Ettekoven CN et al, Clin Microb Infect 2017
Van de Beek et al, Clin Microb Infect 2016



Binax ato ENY
Streptococcus pneumoniae BM

» EuaiocBnoia 95% . Eidikotnta 100%
» QeTIKO: TNV 3N UEPQA BeparTreiac (83%)
» OQeTIKO: TNV 7" uEpa Beparreiac (73%)

» 30% emmITTAEOV dlAyvwon o€ oxeon e KAAAIEpyEID

Samra Z.et al Diagn Microbiol Infect Dis. 2003;45:237
Smith MD et al. J Clin Microbiol 2003;41:2810.



PCR 2E BAKTHPIAKH MHNIITITIAA

Mpo¢ To MAPOV CUUTTANPWHATLKN TtPOC TNV KAAALEpyeLa ENY

Real Time PCR, Multiplex PCR, 16S PCR, MALDI-TOF, Whole Genome Sequencing

Ye pelétec SLlEyvwoe to maBoyovo povo autn o 25-57 %

5 % apvnTikn o€ tautoxpovn Betikn kaAAtEpyeta ENY (pevdwc apvntikn)

AvixveUel kal dAAa taBoyova (Loug, pUknteg, pukoBaktnpidia)

AtayvwoTtikni akpiBela 67-100 % - Taxeia kat e€eAlooopevn nEBodog

Ettekoven CN et al, Clin Microb Infect 2017
Van de Beek et al, Clin Microb Infect 2016



Awrayvwon : Filmarray™ CNS
Meningitis/ Encephalitis panel

14 target pathogens at once A
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Clinical Metagenomic Sequencing
for Diagnosis of Meningitis and Encephalitis

M.R. Wilson, H.A. Sample, K.C. Zorn, S. Arevalo, G. Yu, J. Neuhaus, S. Federman,

N=204
N=58 pnviyyitig, eykedaAitig
Next generation sequencing — NGS

Atdyvwon povo pe NGS =22 %

Aev dLeyvwoe 44 % (duayvwon pe
AAAeC nebodouc)

Wilson M et al, NEJM 13 June 2019

A Established Diagnoses in the Study Patients B

Metagenomic

High DNA or RNA Background and CSF Cell Count
—&— DNA background —e— RNA background

NGS only (N=13) 100+ r
& 80+ 180
N=204 Both (N=19) 2 .E
3 60 Leo .8
= I
2 -
Conventional 5 40 [-40 :
testing (N=26) = z
20 20 20
b o /
M 57 (27.9%) Infectious M 3 (1.5%) Toxic metabolic 0 7 S X T T T 0
- LI S I S
M 17 (8.3%) Autoimmune [l 1 (0.5%) Vascular < b’\ o7 & -
7 (3.4%) Neoplastic 15 (7.49%) Other N D
3 (1.5%) Postinfectious [l 101 (49.5%) Unknown CSF Cell Count (cells/mm?3)
Cs ary M ic NGS Analyses (15 cases discussed D Clinician Feedback (13 cases diag d by n nic NGS only)

Eu.:ring CMSB meet?ngs)

5, Viral genotyping (SLEV, HEV, enteroviruses [3 cases])
1, Analysis of antibiotic-resistance genes (Enterobacter aerogenes)
M 2, Prediction of resistance to antiviral drugs (HIV-1)

3, Detection and tracking of new or rare infectious agents (MW polyoma-
virus, Angiostrongylus cantonensis [2 cases))

M 2, Detection of pathogen reads below reporting threshold (Mycobacter-
ium tuberculosis complex, astrovirus MLB1)

2, Accurate species identification (Nocardia farcinica, Streptococcus mitis)

4

\ 4

W 7 (54%) Will affect management and treatment

1 (8%) Provided reassurance that coinfection is not present
(EBV-associated lymphoma)

M 1 (8%) Increased confidence in clinical decisions (neisseria)

2 (15%) Viral genotyping useful for epidemiologic purposes
(enterovirus)

M 1 (8%) Unclear clinical significance (MW polyomavirus)
1 (8%) Provided reassurance to patient or surrogate (SLEV)

E Clinical Effect (13 cases di

4
v

[l 7 (54%) Enabled appropriate and targeted treatment

1 (8%) Helped to rule out coinfections; enabled patient to proceed with
chemotherapy (EBV-associated lymphoma)

d by met ic NGS only)

[l 1 (8%) Supported clinical decisions to narrow coverage (neisseria)

2 (15%) Had no effect, because patient already discharged from
hospital (enterovirus)

M 1 (83%) Had no effect, because clinical significance unclear (MW polyomavirus)
1 (8%) Provided reassurance to patient or surrogate (SLEV)

—N. farcinica — long-term treatment with oral moxifloxacin and
minocycline

+—Candida tropicalis — treatment with high-dose fluconazole and liposomal
amphotericin B (started empirically for elevated 1,3-B-D-glucan level)

I—HEV — successful treatment with IV ribavirin after patient was
readmitted with liver failure and consideration of liver transplantation

1—E. aerogenes — narrowing of antibiotic therapy to IV cefepime
and oral trimethoprim—-sulfamethoxazole

I—Enterococcus faecalis — narrowing of antibiotic therapy to IV vancomycin;
discontinuation of meropenem

I—S. mitis — narrowing of antibiotic therapy to IV cefepime; continuation
of antibiotics for 4 wk to treat CNS infection

LS. agalactiae — treatment with an additional 4 wk of therapy with IV
ceftriaxone and vancomycin




ErtavaAapBavoupe ONIM kata tnv Bepareia?

* Movo av
- KAwikn emdeivwon-enavepudavion mupeTou

- K/ ENY 1 aipatoc (+) pe maBoyovo avBeKTIKO 0TnV aywyn

IDSA guidelines 2004






MHNIITITIAA

Table 1. Common Etiologies of Bacterial Meningitis and Recommended Empiric Therapy*

Population Likely pathogen Empiric therapy

et < H Bepamneia mpémel va apyilel pEca oTNV MPWTN WPA artd TNV KAWIKNA

o iat
s Mponyettat 6e€apebalovn 0.15mg/kg ,otnv nepinmtwon nov Ba dtaywobdel
Chilir  BokTnPLOKA HNVLYYiTLda ylatl oToug EVAALKEC LLELWVEL TAL VEUPOAOYLKAL

dSDIH KOTAAOLTTOL KOLL OTNV TIVEUMOVLIOKOKKLKN pnviyyitida kot tn Bvntotnta
Jﬂi Ll tS VI Lgann v }'E’GI J; NWILLI L ot FI‘IE’U.‘IFU.‘HGE’, Iv. I'JI':'.'HHHILFUJJ, L. JI‘JUHUL_}'lU‘HE‘HE’J: g HIGIII'J L vail I'\.U'III]'LIII, LT LI Ia AL I':,J

altered cellular immunity, or negative bacill and ampicillin
with alcoholism

Patients with basilar skull fracture 5. pneumoniae, H. influenzae, group A beta-hemolytic streptococci Vancomycin and ceftriaxone
or cochlear implant

Patients with penetrating trauma  Staphylococcus aureus, coagulase-negative staphylococd, aerobic Vancomycin and cefepime
or postneurosurgery gram-negative bacilli (including Pseudomonas aeruginosa) (Maxipime)

Childr

Patients with cerebrospinal fluid Coagulase-neqgative staphylococd, S. aureus, aerobic gram-negative  Vancomycin and cefepime
shunt bacilli (including P. aeruginosa), Propionibacterium acnes

Barberger et al, Am Pham Phys 2010



Delay between hospital admission and antibiotic administration

2%
Bretonniére et al. Critical Care (2015) 19:303

25%
20%

15% B ICU mortality rate
109 %

.

%

0 == ah=C125

Fig. 1 Correlation between time of antibiotic administration and
intensive care unit (ICU) mortality for patients admitted for bacterial
meningitis

Aldueon kabuotépnon (wWpe
Emi{ioavreg. 1.6 (0.6-3.7)
Qavovreg: 3.8 (2.1-5.5)

p=0.003




EGNIKOL OPTANIZIMOL ®APMAKON N
em NATIONAL ORGANIZATION FOR MEDICINES Ellﬂilpmlrl uml,l[[pﬂplﬂm‘l wm‘rﬁ MHMM To KAVKWY
KoL mapaKAVIKIY EUpRUaTWY
latpikdg 0dnyog #
Ofela Pakmnpuakn prviyyimba:
EmBddietal n évapln Bepaneiac evede twv mpwrwy 307 and ) npoodhevan
H ”P""éYV'Z" "“,'s" Oepaneia oo Kévipo Yyelac f) oto TEN. KaPs wpa nou mepwd Letd Ty npootheuon
TwV NOIHWSEWV P ]
P d;:"a MeplBaAyn tou aoBevolc oto KY f oto TEN, ywpls aywyr, ouvendyetal
v kdBetn abEnon tne Bvnrdtntac tou acBevolc.

’ '

HAkio <50 et Hhwkia >50 et
A6fiva 2018 4 4
MiBavitepa aitio: MBavotepa aina:
Streptococcus pneumonioe T (Bua e Toue <50 ety +
Neisseria meningitidis Listerio monocytogenes
Hoemophilus influenzae Streptococcus agaloctioe
(- hioyiw epBoliou) Escherichia colf ko ahda
Gram (-) Bawrrpua,
kuplo atnv 3n nAwsia
AvtyuxpoBuakr aywyr AvapkpoPiaxr aywyr
Kedrpuakovn: 2gx 2, IV i H 6w pe Tout <50 eTuw
Kedotatiun: 2gx 4-6, IV +
t AprtikiAhivn: 2g x 6, IV
Bovkopukivn: 15-20mgfkg x 3, IV,
g £yyvan 60’

v y

fetopeBalovn: 10mg x4 (evihue) ko 0,15mg/kg x 4 (nowbud), IV, owyypdvisg
f 20° mpw — 6 ™ 1n Sdon twv avnBlotwy, yua 4 nuépec,
Edv to 2° 2dwpo Bev anouoviwBel 5. pneumoniae = Buaxond e SefapsBalovne.




OPIA EYAIZOHZIAX
STREPTOCOCCUS PNEUMONIAE I'lA THN

MHNIITITIAA
S.pneumoniae | Sensitive | Intermediate | Resistant
MIC S | R
Penicillin <0.06 - >0.12
Ceftriaxone <0.5 1 >2

Van de Beek D, et al. Clin Microbiol Infect 2016; 22 Suppl 3: S37-562
EUCAST 2018




Y Susceptible

100

Open Forum Infectious Diseases E]E]_Db A &

Infectious Dis iety of America  Riv medicine nssociation

Antimicrobial Susceptibility of Streptococcus pneumoniae
from North America, Europe, Latin America, and the
Asia-Pacific Region: Results From 20 Years of the SENTRY

Antimicrobial Surveillance Program (1997-2016)

Helio S. Sader.' Rodrigo E. Mendes," Jennifer Le.” Gerald Denys,’ Robert K. Flamm," and Ronald N. Jones' 2019
| I Laboratories, Morth Liberty, lowa: *Skaggs School of Pharmacy, University of Califomia San Diego, San Diego, Califomia; “Indiana University School of Medicine, Indianapolis, Indiana

N=65993 oteA£XN, AVOTIVEUOTIKO 77 %, TtadLd 25 % , EAAGOQ: 510

90 EYAIZOHZIA ZTHN MENIKIAAINH (MIC £ 0.06 mg/L)

80

70 k-f{.‘/".; —— ~ — '\-—————0”""

60 \\\‘\Njﬁj
50 —

Region

a0 =@~ North America
=@~ Europe

20| —@= Asia-Pacific

10 Latin America
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O&cia BakTnpiakn HNvIyyiTioa
H B€on TV KOPTLKOELBWV

H yopriynon koptlkoeldwv Alyo iepiv (30°) R Guyxpovwe e TAV 1" §66H Tou
CVTLBLOTLKOD KOl GTOUC EVAALKEC:

* Meiwoe v Bvntotnta
* Meiwoe Vv avannpia
* Meiwoe tov TNF kat IL-1 oto ENY

Aoaon: 0.15mg/kg/6wpo 11 10mg/6wpo yia 4 nUEPEC.

CID 2004; 39: 1267-84 N. Engl | Med 2002;347:1549-56



ACIPKEI BEPOITTIEING OCEING BAKTARIOKIG PRVIYVITIOOG

OVAAOYWE TOL TTAHOYOVOU CITIOU.

MoBoyovo atitlo Huépec Beparmeiog
H. influenzae 7
N. meningitidis 7
S. pneumoniae 10-14
L. monocytogenes 21-28
Group B streptococci 14-21
Gram apvntika Boktnpa (dAAa 21

nAnv tou H. influenzae)

KOTOTROMINGIT EVOLPAEBIC

CIYGOVT]

CID 2004; 39: 1267-84



XNUEIOTIPOPUAOEN O€ pNVIyyiTIoa

* Apopd MONO Ttov PnNVIYYITIOOKOKKO (EEOAEIPN pOopEiaC)

* MOVO 0€ OO0UC CUYKOTOLKOUV 1 £XOUV £pBeL o€ apeon emadn
(MPpOOWTO LLE TPOCWTIO) UE TOV aoOEVN TTX OLKOYVEVELQ,
VNTILOLYWVYELA N TLC AVOTTVEUOTLKEC EKKPLOELC TOU

e JimpodAoéacivn 500 mg amnoaé
e Keptplaéovn 250 mg im
* Pupaprikivn 600 mg x 2 x 2 nu

* Epappoletal kat oe ocouc EAapfav Rx pe MKN

Artopovwon acBevolc Ue LNVLYYLTLOOKOKKO €Tt 24 WPEC

Van de Beek D, et al. Clin Microbiol Infect 2016; 22 Suppl 3: S37-5S62
Brower MC et al, Cochrane Database Syst Rev 2013
IDSA Guidelines, CID 2004



[MPOPYAA=H YIOTPOIMHZ MHNIITITIAAZ

* Yniotponn os 1-5%

* Erti: Stapuync ENY (my tpavpa, emepBaon)

OTIANVEKTOMNG, AYOLUUOCDALPLVALULOG

e EuBoAlacpoc peta tnv Rx tTng pnviyyitidog

- TIVEULOVLOKOKKOU, UNVLYYLTLOOKOKKOU, atpodilou

Van de Beek D, et al. Clin Microbiol Infect 2016; 22 Suppl 3: S37-5S62



Mnviyyitic H. influenzae : MpoduAaén

* Y& MEPLTWON O0TEVNC EMAPNC yia >4 wpeC TIC TeEAevTalec 5-7
NUEPEC TIPO TNC EVAPEEWC TNC VOOOU.

* Rifampicin 10mg/kg/12wpov X4 dooelc (dev umtepPaivoupe
T 600mg/12wpo).



AcOeviig pue mupeto, duakapdia avyeva Kal

u‘rtvnMa
BuBookonnon + evéeifelc ywa CT
gykedalov;
|
+ v
wm oXI
CT ONn
; | l
OIAHMA ANOYZIA
OIAHMATO2

HAIKIA AZOENOYS,
EMMEIPIKH KOPTIKOEISH KYTTAPA, TYMOZ, AOTO2
ArQrH FAYKOZHZ ENY MPOZ OPO

ENANEKTIMH2H XPQZEIZ, KAAAIEPTEIA, PCR
AlFrQIrHx







EFTKEDAAITIAA

DAeypovn tou eyKePaALKOU mapeyxUATOC TOU EKOSNAWVETAL

KALVLKA [LE VEUPOAOYLKN SuoAeLtoupyla =eykepalomabeLa

@ Nowwonc (Lot Baktnpla, pUKNTEC, apaotta)(oéeia, otela,
Xpovia)

& Metalopwdnc /Meta amno epBoAlocuo —
EvkeparopveAitida (ADEM)

LNXOVIGHOG

& Mn Aopwodnc (ayyeltideg, UTOAVOOEC OYYELOKEC
SLaTtapaxEC, MOPAVEOTIAACATIKA cUVOpoLLaL) —




EFKEDAAITIAA VS MHNIITITIAA
AUokoAn n dlakpLon ylati :

(16ev utdpyouv mAvVTA LNVIYYIKA onUEilol oTn pnviyyitda
dMrmopel va cuvodeveTal KoL n pNVIyyitida amo oupmtwpoT
eykepatonaBeloc (unviyyoeykepoaAitida)

Kol otic 2 ovtotnteg pmopei to ENY va eiva moBoAoyLko

PH anovolia mAslokuttapwonc (oe avoooemapkn a.cBevr) ammokAeiel
N nnviyyitda aAda oxL tnv eykedpaiitida (10% xwpic MAELOKUTTAPWON
oto ENY)



EFTKEDAAITIAA VS ETKEDANONMAGEIA

Y UUTITWUIOTOAOYIO KOV : petaBoAn oto enimedo cuveidnong, tn cupnepldpopd ) ta
XOPOLKTNPLOTLKA TNG TIPOCWTILKOTNTAC, TO YVWOLAKO ETESO 1 EUPAVION EOTLAKWVY
VEUPOAOYLKWV CNUELWV 1 VEA ETUANTITIKA dpaotnpLotnta

gykepatonabela

A 4 ¥

Napoucia pAeypovig Amoucia dAeypovic oTo
OTO EYKEDAALKO gYKEDAALKO TTOPEY XU
TIOPEYXU O
2NYPN, NAEKTPOAUTIKEC OIOTAPAXES, NTTATIKI)
‘ OVETIAPKELD, OLPAIUIA, EVOOKPIVIKEC
JIOTOPAXEC, TOEIKOI TIOPAYOVTEC (OAKOOA,
ETKEDAAITIAA ouaisg, @Aappaka), non convulsive status

epilepticus , AEE



EFKEDAAITIAA: Exclusion of encephalopathy caused by trauma,
AIATNOQSTIKA KPITHPIA metabolic disturbance, tumor, alcohol abuse, sepsis
and other noninfectious causes

Diagnostic criteria for encephalitis

Major criterion (required): altered mental status consisting of altered level of consciousness,
lethargy, or personality change for =24 hours with no alternate cause identified

Minor criteria (2 required for possible; >3 required for probable/confirmed encephalitis)
e Fever =38°C

e New-onset seizures (not attributable to prior seizure disorder)

« New onset of focal neurologic findings

e Cerebrospinal fluid white blood cell count =5 cells/mm?

« Neuroimaging demonstrates brain parenchymal abnormality suggestive of encephalitis
e Electroencephalogram demonstrates abnormality consistent with encephalitis

[1a ) d1dyvwaon e eyke@aAitidag amaiteital ONIM kat aneikovion: MNpotiuntéa n MR, mi
OOLVAUIOC EVOANAKTIKNA ETIIAOYI] N A&OVIKI] TOHOYPO@Ia EKEQAAOU PE OKIAYPOPIKO

Venkatesan A, CID 2013 Venkatesan A, Neurol Clin 2018



EvkepaAitida : emdnuioloyia

NG
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12.6/100.000 mAnBuopoU ova £TOC TTAYKOOUIWE KOl O€ OAEC TLC
NALKLEC

7/100.000 mAnBuopoL voonAsvovtal otic HMA etnolwc pe
ouvOpouo eykedaAitdag

40-50% Aolpwdnc eykedpaitic (20-50% Loyeveic Kol ATtO TLC LOYEVELC
50-75% odeilovtal otov HSV)

20-30% amodidbovtal og avtoavooa altia

20-40% mapoeEVEL LE adLAYVWOTO alTLo

Kootoc voonAeiag (HMA): $89600 WNVE S58000 HSVE
Ovntotnta Kata nepintwon (case-fatality rate) : <5%(Enterovirus,
tick borne) - 100% (AUooa)-70% HSVE ywpic Bepamneia, 15% pe
Oepamneia

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJM 2018 Venkatesan A, Lancet 2019



Groups Wirnuses

Sparadic couses [not geographically restricted ) isted by group
Herpe=s viruses=s | Farmmily Herpes =implex wirus type 1
Herpesviridoe ) Herpes simplex wimus type 2

YWaricella zoster virus

Epstein—Barr wirus

Coyrbormeesg el wirues

Human herpes vimus & B 7

E mterovinuzes | Family Enmteroyinus 7
Ficornaviridae)
Enterowvirus 71

Pollio wirues
Cossackievinuses, Echosrinuses,
P arechowvinus
P aramnysoovinuse s (Fammily Meazles vwirus
Poaramny soviridae )
Aoum pe winus

Others (rarer causexs) Imflue nza virses, adenoninues,
Erythrowvirus B19, lymphocytic

Clhoreomenimgitis virus, rubella virus,

Arthropod-borne and zoono tic viruses™
Flaviviru=es | family West Kile wirus WNE
Flawiviricoe |

Japamnese enoephalitis vwimns \]E

NOIMQAHZ ETKEDAAITIAA ;
IONENH AITIA

~ 2UXVOTEPQ :
AHSV

90%

Tick-borme encephalit=s virus

TBE

D rmue winusess (types 1—4)

Alphaviruses [ fammily Western, Eastern and WemnezueLan
Topanwviricoe ) eqguine encephalits vinises
Clhikunsunmea wirus
Bunmyavinuses Lacromse virus
Coltivimnuses Colorado tick fewver wirus
Flhabd ovvirnuse= Rabie=s, wvirus other ly=awvirnuses

Chanmndipura wims
Henipah WWruses Hipah wirus

dvzv
— JEnteroviruses

2 NOVTLKO VLot YEWYPOPLKN
eridnuLoAoyia Ko
eTUONULKEC LOPPEC:

JArboviruses
Solomon T, J Infect 2012



Worldwide Distribution of Major Arboviral Encephalitides

EEE: Eastern equine encephalitis SLE: St. Louis encephalitis

JE: Japanese encephalitis TBE: Tick-borne encephalitis

LAC: LaCrosse encephalitis WEE: Western equine encephalitis
MVE: Murray Valley encephalitis WN: West Nile encephalitis

POW: Powassan encephalitis VEE: Venezuelan equine encephalitis




NAOIMQAHZ ETKEDAAITIAA : MH IOTENH AITIA

Bacteria Parasite Fungus
Mycobacterium tuberculosis Toxoplasmosis Cryptococcosis
Listeria monocytogenes Malaria (falciparum) Coccidicidomycosis
Strepiococcus Trypanosomiasis Histoplasmosts
Neisseria meningitidis Cysticercosts Aspergilus fumigatus
Mycoplasma pneumoniae Toxocarests Blastomycosss
Legionella pnewmophila* Sparganosis Mucer circinelloides
Borrelia burgdorferi Paragonmosis Scedosporitm proloficans
Bartonelia henselae (inathostomosis Scedosporitm apiospermum
Brucella melitensis Schistosomiasis Fusarium species
Riclkeettsia conorii Multocular echinococcosts Cladophialophora bantiana
Coxiella burnetti Naegleria fowleri Ochronconis gallopava
Francisella tularensis Acanthamoeba spp Exerophillum restratum
Ehrlichia chaffeensis Balamuthia mandrilaris

Treponema palliaum




EFKEPAAITIAA- ENIAHMIOAOTIA

Causes of encephalitis and differences in their clinical
presentations in England: a multicentre, population-based

.

dy
prospective stu Lancet Infect Dis 2010
Juwlia Granerod, Helen E Ambrose, Nicholas W 5 Davies, Jonathan P Clewley, Amanda L Walsh, Dilys Morgan, Richard Cunningham,
Mark Zuckerman, Ken | Mutton, Tom Solomon, Katherine N Ward, Michael FT Lunn, Sarosh B Irani, Angela Vincent, David W & Brown,
Watasha 5 Crowaoraft, on befalf of the LIK Health Protection Agency (HPA) Aetiology of Encephalitis Study Group

42% Aotpwdoug artiodoyioc, 40% ayvwaoTo aitio, 12% avtodvoon
ATIO TIC Aotlpwdnc ouxvotepn N HSV, akoAouvBei VZV, TB. ZuvoAikr) Bvntotnta 12% pe PnAdtepn
TNC avToavoaoou (56%)

The spectrum of acute encephalitis: causes, management, and predictors of
outcome. Singh et al. Neurology 2015

Mayo Clinic. 200-2012, 198 pts with encephalitis 48% viral etiology, 22% autoimmune, 30%
unknown/other
Mortality 5-12%. Good outcome 40-50%



loyevnc EykepaAitida : Aldyvwon Tou attiou

H dtayvwoTtikn npoomabeila €xel 2 Baolkec KatevOUVOELC:

d Noa dtaywploet tn oyevn amod tnv avtodvoon sykepaAitida

J No Staywploel TNV EPTINTLKI ATTO TNV MN EPTINTIKA eyKEDOATIOO

Kenneth L, NEJIM 2018



EFKEDAAITIAA : AIATNQ2TIKOZ AATOPIOMO2

loTOPLKO

KAWLKN €lkova (CupmTwpaTa Kol onueia)

ONIN (e€€taon ENY): mavta

Amtetkovion KN2: avta

HEl(otoxeupeva)

‘EAeyyxocg ektog KN2

ALLOTOAOYLKOC, BLoxnuLkog EAeyX0C, ALLLOKOAALEPYELEC

OpoAoykocg eAeyyxoc (mavta HIV, Aound otoxeupeva)
MopLakoc eAeyxoc (otoxeupeva)




[Mpooektikn ANy n Lotoplkou
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Taisia %* 2eEOUOALKEC TIPAKTLKEC

o’

» EpBoAlaopol npocdartol
» Xprion ouoLlwv

» Juvvoonpotntec kat Anyn
OOPUAKWVY

Entadn pe lwa

Ermtadn pe ouyyeveic mou
voonoav

ErmtayyeApo

Hobbies

WuyxoywyLlkec 6paotnpLOTNTEC
otnv uTtaBpo

o

NS

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJM 2018 Venkatesan A, Lancet 2019



EvkedpaAitida : Aldyvwaon Tou attiou

(J To ENY mou Ba £xel TAELOKUTTAPWON, AVENON ASUKWHOTOC KOl
Ara peiwon yAvkolnc (>0.4 Glu CSF/Glu serum) 6ev eivaul
SLaYVWOTLKO TOU LOYEVOUC alLTiou

d H MRI elvow n €€€taon mou pe HeEYAAN evaloBNoLa TEKUNPLWVEL TN
dbAeypovn Tou eYKEPOALKOU TTAPEYXUMOTOC KOL TPETIEL TTAVTO VOl
ylvetaympwtec 48 wpec)

(d To HET €xeL 2 Baowkec evdeitelc: 1)KAwiko ouvdpopo eykedaAitidac
e duoLloloyikn ameikovion kat ENY kat 2) AcoBevelc pe non-
convulsive status epilepticus mouv nopouvotaloviol HE CNUOVTLKN
EKTITWON TOU ermedou ocuveldbnonc

. To HET kot n MRI &&v €xouv elkovec moBoyvVwLLIOVLKEC TOU aLTLOU.

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJIM 2018 Venkatesan A, Lancet 2019
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Venkatesan A, Lancet 2019




Viral
Encephalitis

Kenneth L, NEJM 2018




Venkatesan A, Lancet 2019

Incidence, region, and risk factors Clinical features
Global sporadic
Herpesviridae
Herpes simplex virus type 1 2-4 per 1 000 000 peryear Encephalitis=meningitis; seizures, language, memory disturbance, and rarely
brainstem involverment; SIADH
Herpes simplex virus type 2 0-2-0-4 per 1000000 peryear Meningitis=encephalitis and radiculitis; meningitis could be recurrent
Varicella zoster virus 1-02 per 1000000 peryear Meningoencephalitis, cerebellitis, stroke, myelopathy, retinitis; can occur before,
during, or after zoster rash or in absence of rash
Epstein-Barrvirus 0-5-3% of encephalitis cases; more in immunocompromised Brainstem or cerebellar signs, transverse myelitis; also assodated with CNS
lymphoma
Human herpes virus type 6 >80% seroprevalence; encephalitis more likely ifimmunocompromised Meningitis, encephalitis, myelitis, and exanthema
(particularly haemapoietic stem-cell transplant)
Human herpes virus type 7 Rare; 98% seroprevalence Encephalitis and flaccid paralysis
Picornaviridae
Enterovirus type 70 and 71 2% of encephalitis cases; large sporadic outbreaks in southeast Asia Meningitis=encephalitis, rhombencephalitis, myelitis, and flaccid paralysis; hand,
(EV71) foot, and mouth disease; cardiac complications
Coxsackie virus 0-5% of encephalitis cases that have a peak in summer and asmaller  Meningitis=encephalitis, hepatitis, and flaccid paralysis; hand, foot, and mouth
peak inwinter disease
Poliovirus Outbreaks in unvaccinated Encephalitis, seizures, and flaccid paralysis

Paramyxoviridae

Measles virus Infections occur in unvaccinated; acute encephalitis occurs in 1 per Acute encephalitis is ADEM-like; inclusion body encephalitis and subacute
1000 cases of measles sclerosing panencephalitis are subacute or chronic forms of encephalitis following
measles infection

Mumps virus Unvaccinated Headache and senserineural hearing loss; previous parotitis
Orthomyxoviridae

Influenza virus 1-2 per 100 000 symptomatic infections Mon-specific or radiologically classified (eg, acute necrotising encephalopathy and
acute haemorrhagic leukoencephalopathy)



Incidence, region, and risk factors

Venkatesan A, Lancet 2019

Clinical features

Geographically-restricted
Flawiviridae

Japanese encephalitis virus

Dengue virus

West Mile virus

Zika virus

5t Lovis encephalitis virus
Murray Valley encephalitis virus
Tick-borne encephalitis virus

Powassan virus
Bunyaviridase

La Crosse virus

Toscana virus

Togaviridae
Chikungunya virus

Eastern and Western equine
encephalitis viruses

Approximately 70 000 encephalitis cases peryear, which mostly occur
in Asia and northern Australia

50-100 million infections per year of which 0-5-6% encephalopathy
or encephalitis; 5outh and Southeast Asia, South and Central
America, and Africa

1 in 150 develop neurocinvasive disease; re-emerged in southern
Europe

Africa, India, east Asia; has emerged in 5outh and Central America,
Florida, and Texas

Up to 20 peryear in southern and western states of USA; Central and
South America

1 per 150-1000 infections symptomatic; Australia, New Guinea,
and Iriam Jaya

8-15 per 100 000 peryear in endemic areas (particularly eastern
Europe and Russia)

Canada and Asia; emerging in northeast and midwest USA; tick bite

50 to 100 per vear in southeastern and Midwestern states of USA;
late spring through fall

Predominantly southern Europe: ltaly, Cypress, Greece, Turkey,
France, Spain, and Germany; Summer

Africa and South Asia; has emerged in Central and South America

5 to 15 per vear in USA for Eastern (Massachusetts, Florida, Georgia,
and Morth Carolina); Western occurs inwestern portions of USA and
Canada

Encephalitis, extra-pyramidal features, and flaccid paralysis; case-fatality 20-30%

Meningoencephalitis, GBS, myositis, and neuralgical amyotrophy; prominent
headache, myalgia, fever, thrombocytopenia, and shodck

More severe in elderly patients; encephalitis, extra-pyramidal features, flaccid
paratysis, and myodlonus; more rarely, brainstem, radiculopathy, GBS, retinitis, or
optic nevuritis; morbilliform maculopapular rash sparing palms and scles

Frominent conjunctivitis and maculopapular rash; GES=encephalitis

Meurological involvement and severity greatest in the clder age group, seizures,
urinary features, and SIADH; case fatality 3-30%

1-4week incubation; high fever, diarrhoea, macuwlar rash, cough, and flaccid
paratysis or brainstem involvement can occur; case fatality 15-30%

Cranial nerve inrvolvement, flaccid paralysis, and tremor

Febrile prodrome; case fatality 10%

More commonly children, encephalitis, meningitis, and fatality rare

2 days to 2 weeks incubation, meningitis, encephalitis, nwvalgia, rarely stroke, or
hydrocephalus

Meningoencephalitis, myelopathy, and myeloneuropathy; prominent arthralgia,
lymphopenia, and hepatomegaly

Encephalitis and meningitis; case fatality 50-70% for Eastern and <10% for
Western



Focal (%6 of total focal
syndromes)

Termmporal lobe (53%)

Cerebellar (25%5)

Extrapyramidal or movement
disorders due to thalamic or
basal ganglia lesions (13%)

Hydrocephalus (9%2)
Generalized (56 of total

generalized syndromes)

Multifocal white-matter lesions

(366)

Intractable seizures (19%:)

New-onset psychosis (15%)

Diffuse cerebral edema (14%5)

Recurrent or chronic inflam-
matory CNS disease (9%6)

Seizures with rapid recovery (7%4)

HSV, VZV, enterovirus, EBY,
HHV-6, influenza A or
B wirus

EBY, enterovirus, rotavirus,
adenovirus, HCV

Respiratory viruses, EBV,
WMWY, enterovirus, HSV,
VZV, HHV-6, SSPE

Enterovirus, parainfluenza
virus, adenovirus

Enterovirus, adenovirus,
influenza A virus, WNV,
HIV, EBW, VZV, HS5V,
SSPE, HMPV, rotavirus

Enterovirus, EBV, rotavirus,
adenovirus, HSV, HHV-6

HCVY, HSV, VZV, enterovirus,
rabies virus, influenza A
virus

Influenza A or B virus, VZV,
enterovirus, HSY, HMPY

EBV, enterovirus, adenovirus,
influenza A or B virus

MpoomnaBela cUOXETIOUOU
£0TLAKNC N VEVLKEULEVNC
nPooBoAnc avaloya LE TO LOYEVEC
aito

Kenneth L, NEJM 2018



Limbic encephalitis

Inflammation of the limbic system in the brain typically HSV
results in some combination of anterograde memory =)
dysfunction, behavioural changes, and seizures VZV

Brainstem encephalitis .
preserved consciousness and behaviour , focal Arboviruses
neurological deficits (most commonly ataxia, oculammmEEE)  Enteroviruses
dysfunction, bulbar dysfunction, and limb paresis)

suggesting areas of inflammation in the midbrain,

pons,

and medulla.

Tremor, flaccid paralysis, (basal ganglia, > Arboviruses

thalamus)

Arboviruses

Multifocal Encephalitis — Enteroviruses

Venkatesan A, Lancet 2019



EvkepaAitida : Atdyvwaon Tou attiou

J

U0 O OO0

PCR and RT-PCR oto ENY : MEUOVWUEVA VIO KABE 10 OAAG KOl
multiplex PCR (HSV1, HSVZ2, VZV, CMV, Enteroviruses, HHV6-7, EBV,
parechoviruses)

EvaioBbnoia 86-100%, 1dikotnta 99.5%

Avtiowpata IgM oto ENY [apumotot (WNV), VZV, EBV, measles, rubella,
mumps]

PCR and RT-PCR otL¢ pivodapuyyiKeC ekkploelg (adevolotl, ypimmn,
LAapa)

PCR and RT-PCR ota komnpava (evtepoloti)

RT-PCR o€ oieho, ENY, avtiocwpota os ENY kol opo, avooolotoxnuUeia o
BuAdkouc TpLywVv armo Boyio SEPUATOC OTOV ALUXEVA VLA TOV LO TNC
AVoooC

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJIM 2018 Venkatesan A, Lancet 2019



EvkedpaAitida : Atayvwon tou attiou

¢ Eav 6gv aveupioketal aitio (oUTE auToAVTIIOWHOTA) KOl O 0l0BEVNC
emdelvwVETaL UTIO alkUKAOBLpn, ouviotatol n Broyia eykedpaiou
(gold standard yia pia Stayvwon mou o oplopog TN eival
rnio.BoAoyoavatouLKoc)

v Edoappuoyn poplokwyv peBodwv otov eykedpaAiko Loto : PCR, in situ
hybridization, Next Generation Sequencing (NGS)

¢ H avalntnon edkol mpodA av&nonc KUTOKWVWV yLo tn dtayvwon tne
Loyevouc eykepaAitidac, ametuye (N avénon mapopolo o€ OAEC TLC
nopdec eykepaAitidoc)

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJM 2018 Venkatesan A, Lancet 2019



J Infect 2018 BIANA

www.elsevierhealth.com/ journals/ jinf

REVIEW

Encephalitis diagnosis using metagenomics:
application of next generation sequencing
for undiagnosed cases

Julianne R. Brown **, Tehmina Bharucha >, Judith Breuer ¢

Brain biopsy or CSF total DNA or RNA
(total, ribodepleted or polyA enriched)

Host DNA or RNA transcripts
Pathogen genomes or transcripts

XpOvo( : 6-7 NUEPEC

AVOKOAUTITEL KOt TIOBOYOVA EKTOC TWV
OVOIEVOUEVWV KOOI YVWOTWV AITiWV
EVKEPOAITIONC

Artanteital emiBeBaiwan tn¢ oxEong
TiaBoydvou Kal vOoou

YuvNBw¢ avalntatal o€
OVOOOKOTOOTOALEVOUC

110 a&IOTIIOTO OTOV EYKEPAAIKO 10TO



HSV EykedoAitida

O O O O O O O O O O O

1-4 /1.000.000

To ouxvotepo aitlo otopadikng eykedpaiitidboc pe pnAn Bvntotnta
90% HSV1

50-70% amnoteAeopa avalwnupwaonc Tou Lou

XwpLC EMOYLOKN KATAVOUN

Aev CUOXETIIETAL LLE TOWUTOXPOVN TIALPOUCLA ETILXELALOU EpTiNTA

|oOTOAOY LKA TIPOKELTAL YL VEKPWTLKA eYKEPaAiTIOQ

2uVNBECTEPN EVTOTILON OTOV KPOTadLKO KOl KATWTEPO METWTILALLO AOBO
96% Betikn MRI

80% Betiko HET

PCR HSV oto ENY pe 98% svatoOnoia kat 99.5% ebikotnta (Ostikonoleitol >24
WPEC VOOOU KoL yLa TNV pwtn eBdopada umo Bepareia)

Venkatesan A, Neurol Clin 2018 Gnann, Curr Infect Dis Rep 2017



HSV EykedoAitida

Table 2 Cerebrospinal flud findings 1n patients with herpes simplex
encephalitis

Laboratory test Typical finding

Leukocytes 25-75/mm’ (range 0->500)

Percent lymphocytes  75-90% (range 60-98%)

Glucose 60-75 mg/dL (about 25% of patients will have
CSF glucose <50% of serum glucose level)

Protein 65-85 mg/dL (about 60-70% of patients will

have elevated CSF protem)

Fig. 1 Magnetic resonance imaging of a patient with acute herpes
simplex encephalitis demonstrating focal enhancement in the left
temporal lobe

Gnann, Curr Infect Dis Rep 2017



HSV EykedoaAitida - Oeparmela

d AkukAoPBipn 10mg/kg/8wpo evbodAEPLa yia Touhdaxlotov 14 nUEPEC

d Aev untapyouv dedopeva amo RCT yia ouyxpovn Xoprnynon KOPTLKOELS WV
(LeAETN UTO €€EALEN)

d Mpémel va TekpunpLwvetal n anooteipwon tou ENY mpiv tn dtakomn tne
Oeparmneiag

d Aev cuvioTtatatl oywyn amno to otopa cav step down Beparneia, outs
OUVEXLON aywync ne BadakukAoBipn yo mpoAnyn Twv anwiepwy
VEUPOAOYLKWV avamnplwyv adol n oxetikn pneAetn amnetuye(Aurelius et
al, CID 2012)

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJM 2018 Gnann, Curr Infect Dis Rep 2017



Meilwon tnc Bvntotntoc os <20% pe tn Bepamneia
50% emnotpedouv o€ MANPN AELTOUPYLKOTNTA

= MeyaAn nAlkia

= Kwpatwdnc KATaoTtaon KATA TNV Evapén Tng vOoou

= Restricted diffusion otnv MRI

= >24 wpec kKBuoTtEPNON oTNV Evapén TNS AVTILKNAC AywYNC

MopAyovTEC
kwwélvou yiaa
KoK €kBaon

o 21 wpec kaBuotEpnon otnv Evapén akukAoBipnc pe TNV

MeA€Etec o€ vrto la eykePpaAitidog

Eupwrn, HNA,  © 11(bpeq’ Kaeuorépllqon otnVv €vapén Beparmeioc LETA TNV
TEKUNPLWON TNS VOOOU

o Movo 29% apyloov akukAoBipn oto TENM

o Movo 45% apyloav Beparmeia peca o 48 wpeg amo tnv
EVOPEN TWV CUUMTWHATUWBNanN, Curr Infect Dis Rep 2017

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJIM 2018

Kavada, edetéav



S5V EYKEPOAALTLOQ

d H untotpornn tng eykedpaAitidac dev sivat ouxvn. MNeplypadetal oto 12% , evtog
4 UNVWV KoL OXETLOTNKE HE ULKPOTEPN OLAPKELA Beparteiog

J Anti-NMDAR IgG antibodies epdavitovtat 1-4 eBBSopAdeC LETA OTO alpa Kot
0 ENY oe 7-30% of patients

(1 HSE pmopet va nupodotnoel avtoavoon sykedaAitido, ouvnBEotepa LIE
avixvevuon anti-NMDAR IgG antibodies (ew¢ 27%)

J Aev aveuploketal o 10¢ oto ENY

d Ta oupmtwpata tng NMDAR gykedoAitidac meplthapBavouv xoplooBeTwon,
Sdlatapaxec cuunePLPopAC Kol OTIOCHOUC

J H MRI 8eiyvel véec meploxec mpooAnPne TNC MAPALOYVNTLKAC ouolag aAAd o)L
VEEC VEKPWTLKEC BAAPEC

1 Ot a0Beveic wpelolvtal amo eMIOETIK AVOOKATOUOTOATLKA Aywyn

Kenneth L, NEJM 2018 Rabinstein A, Neurol Clin 2017, Armangue T, Lancet Neurol 2018



Table 2
Dispelling myths on HSV encephalitis

Myths

Facts

All patients with H5V encephalitis
have high fever

HSV encephalitis can occur in the absence of fever,
even among immunocompetent patients

Patients with HSV encephalitis often
have CSF xanthochromia and
hemorrhage on brain imaging

Xanthochromia and evidence of bleeding on brain
imaging are rather exceptional in HSV encephalitis

The characteristic MRI pattern of
unilateral or bilateral
frontotemporal inflammation
occurs in only the most typical
cases

The characteristic MRI findings of unilateral or
bilateral frontotemporal inflammation are present
in nearly all cases of HSV-1 encephalitis and their
absence should question the diagnosis (H5V-2
infection can be considered)

Lack of improvement or worsening
despite treatment with acyclovir
indicates viral resistance to the drug

Acyclovir resistance is exceptional and neurologic
worsening while on adequate therapy should
prompt revisiting the certainty of the diagnosis

Acyclovir can be safely stopped only
after 2 separate CSF samples have
tested negative for HSV PCR

Stopping acyclovir is generally safe after a single
negative CSF H5V PCR when the MRI does not
show the characteristic pattern or inflammation or
an alternative diagnosis appears likely

Reappearance of symptoms after
resolution of the acute phase
indicates relapse of the HSV
infection

Although patients with recurrent symptoms of
cerebral dysfunction should be retested for H5V
infection, these patients may have developed an
immune-mediated encephalitis that may require
appropriate testing and different therapy

Most patients survive permanent
disability

Most timely treated patients regain functional
independence and the rate of residual
neuropsychological impairment may be lower
than previously thought

Rabinstein A, Neurol Clin 2017



B 2TOUC eVNALKEC EVEpPYOTIOLNGON TOU LoV (NALKLWUEVOL,
OVOCOKOTOOTOAMEVOL)

B H evepyomoinon tou VZV umnopei va umtapxel Kot Xwplc SEPUOTLKEC
BAaBec (10%-60%)

B H PCR oto ENY g€xelL evawoBnoia 60%. KaAutepn evawcOnoia n
avalntnon IgM avtiocwpatwyv

E Xopnyeitat akukAoBipn xwplc va umtapyxouvv cadelc evoeifelc yia tnv
QTTOTEAECHATIKOTNTA TNG

B >e avooosmapkelc aoBeveic pe Papld KALVLKN ELKOVA, XOpnyouvTal Ko
KOPTLKOELON

B Ovntotnta 20%

B Euvolkn ekBaon xwpic katalouta 50%

Venkatesan A, Neurol Clin 2018



WNE

1 West Nile virus manifests with fever, fatigue, headache, and myalgia, with or
without a diffuse nonpruritic maculopapular rash.

- Elderly, male, diabetic, and immunocompromised patients are at highest risk
of developing neuroinvasive disease.

J Encephalitis is the most frequent neurologic presentation (50-60%)

] brainstem encephalitis, with coma as an early manifestation, also can affect
the basal ganglia, thalamus, and cerebellum. Movement disorders, such as
tremor, dyskinesia, myoclonus, and parkinsonism, are frequent.

- Mild weakness or hyporeflexia may be detectable even in patients without full-
blown acute flaccid paralysis with anterior horn cell infection.

J Mortality of up to 15%

. chronic fatigue or persistent movement disorders may be seen in survivors

J PCR WNE 55% sensitivity in CSF. IgM in CSF recommended and serology in serum

Venkatesan A, Neurol Clin 2018



Influenza Virus Encephalopathy

1 Zravia, kuplwe armo tov 1o A (3/1.000.000 kupiwc os matdia oe NA Aola —
Avotpalia)

) EvaioBbntol ol Avw TwV 65 Kal LLE TIPOUTIAPXOUCO VEUPOAOYLKA VOOO

) Mepypadetat yevetikn mpodiabeon pe autosomal-dominant mutations oto
RANBP2 gene

) Xwplc maBoAoyiko ENY

) Xwpic avevpeon tou ov oto ENY

) Eviote o coPapn €16k popdpn LE odOTEPOTIAEUPEC ALUOPPOVIKEC BAAPEC OF
BaAapo

) Oewpeital meploootepo eykedpalomnabdeia amnod tn Spaon npodpAsypovwdwy
KUTOKLWVWV TtapA Ao VEUPOTPOTIo SpAaon Tou Lou

) H ooeAtapBipn xopnyeitatl aAAd xwplc otowxeia av emnpedleLl TNV VEUPOAOYLKA
ekBaon

) Ovntotnta 9-37%

) NeupoAoyika kataAourta 30-43%
Venkatesan A, Neurol Clin 2018



loyevnc Eykedpalitida

d H povn evdebelypévn kol amoteAeopatiky Beparela toyevouc eykepaAltidog
glval n akukAoBipn yLa Tov LO Tou armAou pmnta

1 H yopriynon akukAoBipnc otov VZV kot yavkukAoBipnc 1 ookapveTne otov
CMV/HHV6 yivetal xwpic LeAETEC TTOU VoL oTNPL{OUV TNV OITOTEAECUATIKOTNTA
TOUC

1 Exouv emnionc SoklpaoBetl ko amotuxeL n avoooBepameia pe y-odpatpivn n
wvepdepovn- a o€ eykepaAitida amo apumnolovc (os e€€Aen RCT y-odatpivn oe

riodLa)

 Exel eniong SokipaoBel 0€ AVOOOKATAOTOAUEVOUC N LOTOOUUBATWY T-KUTTAPWVY
le kN pvnun evavtt adevolwv, EBV, CMV,JC pe umooyopeva amoteAEopata

Venkatesan A, Neurol Clin 2018 Kenneth L, NEJIM 2018 Venkatesan A, Lancet 2019



loyevnc Eykedpalitida

H amouoia og peyaio Baduo kataAAnAng Beparmeiac dSnuiovpyel
TNV VOyKN CUPHOPdwWoNnC otouc EMBoAtaciolc yLa Toug
VEUPOTPOTIOUC LOUC TTou urtapxouv dtabeoipol

Vaccines available for :poliovirus, rabies virus, measles virus, mumps
virus, rubella virus, influenza viruses, VZV, Japanese encephalitis virus
and tickborne encephalitis virus.

Candidate vaccines for West Nile virus,dengue virus, and Zika virus

Kenneth L, NEJM 2018



EFKEDAAITIAA : TAKE HOME MESSAGES

21ov aocBevn mou umoytalopaote eykepaAitida (dlatapaxn
emMTEOOU ouveidnong mou Oev amodidetal aAAoU, E0TIAKA
VEUPOAOYIKA ONUEila PE TTUPETO N/ Kat MAslokuttdpwon oto ENY):

A Mavta ameikovion(Kata mpotipnon MRI N av dgv umapxel
olabeotpn, CT Kat HE OKLaypapLko)

A Mavta eAeyxog yua HIV

d ®UAaén Osiypatog ENY yia HEAAOVTIKO EAEYXO

d OUAa&n Selypatog opou yld EMAVEAEYXXO I CUYKPLTIKO EAEYX

A ‘Evap&én akukAoBipng amo to TEI



Brouwer et al. NEJM 2014
Sonneville et al. CMI 2017

Patel K et al. The Neurohospitalist
2014




Opiopog

To eYKEWAAIKO AMOOTNHA €ival Hid £0TIAKN,
eVOOEYKEWPAALKN AoipwEn mou apxilel w¢ pia
EVTOTIIOUEVN TMEPLOXN EYKEPAAITIOAC Kal
eEeAiooetal o€ Yla cuAAoyn TUou epIBaAAopevn
amo Mia KaAd ayyeloUhEVN Kayd



EmonuioAoyia

0 Zuxvotnta TwV £YKEPAAIKWY amootnuatwy oti¢ HIMA avepxetal
o€ 1500 - 2500 mEPIMTWOEIC TO £TOC.

[ O1 voonAe&ieg yia EYKEPAAIKO ATTOOTNHUA AVEPXOVTAL
Kat'ektipnon o€ 1:10.000.

A H Aoipwén, av Kat ymopei va cupBei o€ OAEG TIG NAIKIAKEG
OHAOEG, £ival CUXVOTEPN OE VEAPOUC AVOPEG.

3 H ox€on appevwy mpog ONAea Kupaivetatl petaéu 2: 1 kat 3: 1.

d Ta maidia aviimpocwMEUOUV TTEPITTOU TO 25% TwV MEPIMTTWOEWV 3




Ta&ivounon-Nnyn mpogAguong

1.Eméktaon AoigwENG amo YEITOVIKEG OOHEC (HEON WTITIC, OOOVTIKEC
AOWPHWEELC, HAOTOELDITIC, KOATITIC- NTAV TTAAALOTEPA N CUXVOTEPN AlTid. )

2. Alpatoyevng diaocmopd (Ao ATTOUHAKPUCHEVEC E0TIEG ATTOTEAEL TN OeUTEPN
OUXVOTEPN dlTia, PE auEavopevn OXETIKN oUXvVOTNnTda.)

3.Awatitpaivov tpauvpd.
4.XelpoupylKN EMEPBAcN 0TO Kpavio (amoteAEl AlyOTEPO ouxvn dltia).

5. Mnviyyitida (omaviwg eubuvetat).

6. Kpuntoyeveg amootnua ( 0v AveEUPIOKETAL Kapia Tnyn TPOEAEUONG - €ival
10 20-30% TWV TEPITTWOEWY).



EyKepaAlko amootnua Kat Apatoyeving Alactropd

d Awaduyn aipatoc ano Sl mpocg ta aplotepd (Zuyyeveic KUOAVWTLKEG
KapdlomaBelec kupiwc o madia, Mvevpovikn Aptnplo-pAePwdnc AvomAacia),

J Evéokapditida,

d EvbodA£EBLa xprion ouolwy,

d Xpoviec Nveupovikéc Aolpwéelg (rty, amootnua, epnvnua, Bpoyxektaotlec),

1 Odovtika amootrpara,

 Aotpwéelc tou Aépuartoc,

d Zvotnuatikn ZAPn (Aotpwéeic Kothiag kat Muglou, Oudstepomnevia,
Metapooxeuaon),

d HIV Aolpwén

-Muzumdar D, Jhawar S, Goel A. Brain abscess: an overview. Int J Surg. 2011;9(2):136-44
-Carpenter J, Stapleton S, Holliman R. Retrospective analysis of 49 cases of brain abscess and re
Infect Dis. Jan 2007;26:1-11.



Evtomion

TNV B£on tTou Tpauvpatoc.

Metwmiaiot AoBoi emi mapaptvokoAmitidag (nBuostditida Kal HETwmLaia
KOATI(TIOa) KAl 000VTOYEVOUC AOLHWENC ATTOTEAOUV TNV CUXVOTEPN OEon
EVTOTIIOHOU TWV EYKEPAALKWY ATTOCTNHATWY .

Kpotawikoi AoBoi kal NMNapeyke@aAida ( £mi wTtoyevoUc AoINWENG -E0wW

WTOC KAl PaocToeldoUC KOATIOU).

Kpotawikoi AoBoi ( £l onvoeldouc KoAmiTtidac).

[MToAAATMAQ amooTNUATA cuvnNOwWC owWeiAovTdl GE AIJATOYEVH OldoTopd.

(TpoTIunNTEa B€on evtomopou £ival Kata tnyv mopeia tng MEong
EvykegpaAikng Aptnpiag, av Kat oroodnmote AoBo¢ pmopel va mpooBANBEl)

ETi Tpaupdatwy ToUu KPAviou n €VTOTMION TOU Amootnpatog e€aptdtal amo




2Ttadld oXNUATIOHOU TOU ATMOCTNHATOC

Mpwiun Eyke@aAitic (nuepec 1-3): ’
AUECOC EVOPOAAULIOHOC TOU OPYAVIOHOU OTO EYKEPAALKO TTAPEYXU|

odNYEL OTNV AvATITUEN E0TIAKNG TTEPLOXNG PAEYHOVNG KAl
oldnuartoc. Encephalitis

‘Owwn EykepaAitic (nuépeg 4-9):
ETEKTAON TNC EYKEPAAITIOAC Kal Evapén avamtuéng VEKPWTIKNG

KEVIPLKNG £0TIAC.

Localization

Npwwn EvBuAdkwon (nuépec 10-14): 3
dnpoupyla KayouAag pe OAKTUALO £vioXuong KaAQ ayYEIOUPEVO

LOTO JE EPPAVION TTEPLPEPIKNG YAolwoNG Kat/n tvwonc.

Enlargement

“Oywn EvBuAakwon (nueEpeg mepav tng 14n¢) y o,
TEALIKA, N Apuva tou Eeviotn Opa HE CUVETIELA TNV TTEPIXAPAKWON

TNC KAWAC PE TOIXWHA Kal TNV avamtuén KaAwg oXNUATIOHEVNC

Kd LIJ C[g Rupture= terminal




KAIVIKEG eKONAWOEIG-Zupmtwpata(1)

1.Ta cupntwpata Ogv gival TUTNIKA TOU ATTOOTAHATOG.

2.E€aptwvtal amo Sidgpopouc MapAdyOVTEG OTIWG
- TO HEYEDBOG
- TNV EVTOMION TOU AMOOTHHATOG,
- TNV AoIgoyovo GUVaun Tou UIKPO
- TIC UTTOKEIUEVEG TAONOEIG

3.H KAvIKNn Top€ia Kupaivetal amo Aavlavouoa HEXPL KEpAuvoBO



KAIVIKEG EKONAWOCEIC-ZupTTTwHata (2)

1. Zuxvotepa
N KepaAaAyia,
N HETaBoAn tn¢ dlavonTIKNG KATAoTaonG
TA £0TIAKA VEUPOAOYIKA ONHEIa.

2. Atyotepo ouxvd
- 0 TTUPETOG,
- Ol CTIACHOI,
- ) vautia Kal €PETOC,
- N AUXEVIKN OuoKauyia
- oidnua tTng omTIKNG ONANG

d H kAaoikn tpiada mupeTou,

O ANOYZIA NMYPETOY oc¢

Ke@aAaAyiag kat HETaBoANGg
dlavontikng Kataotaocng AEN
gival alomotn (mapouca o€
Atyotepo amo to 50% twyv
MEPIMTTWOEWY).

TMOO0OTO pHEYAaAutepo Tou 50%
TwV acfsvwyv Katd tnv
apxikn ekONAwon.



Figure 3. Imaging Studies of Brain Abscess.

An axial CT image of the cranium (Panel A) shows left parietal abscess characterized by a hypodense center, an iso-
dense ring, and a surrounding hypodense zone that is consistent with edema. A T,-weighted MRI scan obtained after
the administration of gadolinium (Panel B) shows a hypointense necrotic center with pus, ring-shaped enhancement of
the abscess wall, and a hypointense zone of edema surrounding the abscess. Diffusion-weighted MRI shows a hyper-
intense signal within the abscess (Panel C), which is hypointense on apparent-diffusion-coefficient imaging (Panel D).

Eyke@paAiko amootnua

AlayvwoTtikn e€€taon emAoyn
n ameikovion (MRI)

EvaAAaktika n CT pe
OKIaYypPa@IKO (HEXPL VA YIVEL
£@IKTN N MRI)
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Table |. Spectrum of organisms differs by anatomic source.

': ‘a’ﬁ?éatn na-MikpoBloAoyia

Source

Most Commonly Cultured Organisms

Paranasal sinus
infection

Otogenic
infection

Dental infection

Traumatic brain

injury

MNeurosurgical
procedure

Hematogenous
spread

Streptococcus spp

Staphylococcus spp

Enterobacteriaceae (especially Hemophilus spp,
Pseudomonas aerugonisa)

Proteus mirabilis

Streptococcus milleri group organisms

Streptococcus pneumoniae

Staphylococcus aureus

Streptococcus spp

Bacteroides fragilis

Staphylococcus aureus

Staphylococcus epidermidis

Enterobacteriaceae (most commonly P
aerugonisa, Enterobacter spp)

Staphylococcus aureus

Staphylococcus epidermidis

Pseudomonas aeruginosa

Propionibacterium acnes

Streptococcus spp.

Staphylococcus aureus

Streptococcus viridans

Klebsiella pneumoniae

MICROBIOLOGY OF BRAIN ABSCESS
AGENT FREQUENCY (%)

Streptococci (S. intermedius, including S. anginosus) 60-70
Bacteroides and Prevotella spp. 2040
Enterobacteriaceae 23-33
Staphylococcus aureus 10-15
Fungi 10-15
Streptococcus pneumoniaée <1
Haemophilus influenzae <1

Protozoa, helminths (vary geographically) <1

*Yeasts, fungi (Aspergillus Agents of mucor Candida Cryptococci Coccidiodoides
Cladosporium trichoides Pseudallescheria boydii)

tProtozoa, helminths (Entamoeba histolytica, Schistosomes Paragonimus Cysticerci)
CTID2001

Carpenter J, Stapleton S, Holliman R
of 49 cases of brain abscess je




EYKe(paAlko amootnpa -Oepamneia

d <2.5 cm : ZuvinpnTtikn avTIPHETWIILON HE aVTIHIKpoBLlak

d >2.5-3 cm : ZTEPEOTAKTIKN TTAPOXETEUON YA AVTIHETWTILC
dlayvwon Tou attiou

B Stereotactic aspiration of subcortical abscess




Eumeipkn
AvTtiuikpoBlakn
aywyrn avaioya

UE TOV
TPOoOLaBECIKO
mapdyovta Ttou
ATTOOTNHATOC

Alapkela aywyng : 6-8 eBdopadec IV kat p.o. MEXpL ATTEIKOVIOTIKNG laong

Otitis media or mastoiditis

Dental infection




EvykewaAiko amootnua : MNMpoyvwon
ONHTOTHTA 10%

Mapayovieg mou oxetidovtal PHE TTTWXN

npoyvgo ?(Iaeuorspnpévn N Aavlacpévn
dlayvwon

MoAAamAd duompooita amoothyatd
Pnén otic KolAieg (80-100% Bvntotnta)
Kwpa (80-100% Bvntotnta)
Mukntiaclkn attioAoyia

ApPXIKN XpAoN avamoTEAECHATIKWY
avTIBLOTIKWV

MeyaAn nAkia

o MeydAa amoothpata

o Metaotatika amootiuatd

O O O O O
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