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BAKTHPIAKH MHNIITITIX: AITIOAOI'TA, ITAGOI'ENEIA

Bacterial Meningitis

Sources of infection

st common causative organisms
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Infection of
leptomeninges
is usually
hematogenous
but may be
direct from
paranasal
sinuses, midd|
ear, mastoid
cells or CSF
leak from
cribriform
plate defect
or via dermal
sinuses




BAKTHPIAKH MHNIITITIX: KAINIKA YHMEIA

®
Kernig's sign. Patient

supine, with hip flexed 90°.
Knee cannot be fully extended

Neck rigidity (Brudzinski's
neck sign). Passive flexion
of neck causes flexion of
both legs and thighs
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MHNIITITIAOKOKKOX (NEISSERIA MENINGITIDIS)




MHNIITITIAOKOKKIKH MHNITTITIX

Neisseria meningitidis (Meningococcus)

Gram-negative diplococcus, capsulating with serotypes: A, B, C,
W135,Y and X (very rare)

Colonizes the nasopharynx of approximately 10% of the human
population (carrier state)

Spreads by respiratory or throat secretions (spit, kissing), and spread
is promoted by changes in housing and close quarters (soldiers,
college students)

Can invade healthy individuals to establish bacteremia and
meningitis; cases are typically sporadic (95%)

QOutbreaks (5%) occur in close communities over a short period of
time and are caused by the same isolate.

Colonization involves pili and Opc/Opa proteins, invasion requires
capsule and factor H binding protein (fHBP), molecules that are
antigenically variable

Meningitis is a severe disease with high case fatality (up to 15%) and
long term disabilities (retardation, loss of limb) in survivors (15-30%)




MHNITTITIAOKOKKAIMIA
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EI'KEDAAIKO AITOXTHMA

Frontal sinusitis

Y
Frontal lobe
abscess

1

Middle ear and

mastoid sinuses

Y
Cerebellar and
temporal lobe
abscess

Bloodstream:

he ¢

» Infective endocarditis

e Lung s, bronchi-
ectasis

Parietal lobe abscess

common, may be
multiple)

Trauma:
e Penetrating injuries,

skull

{
Y
Abscess in any location




EINIXKAHPIAIO AITIOXTHMA

C. Epidural abscess

f—————-— Sources of infection
Hematogenous

Dermal sin

/ o

Pain on percussion
of spine.
ocal warmth




AITIOXTHMA EI'KE®DAAOY

Figure 2: Abscesses in the right basal ganglia and thalamus (arrow) and the
left panetal (armrowheads) regions.




KATAPIT'HXH AIMATEI'KE®AAIKOY ®PATI'MOY

The BBB can be broken down by:

Hypertension (high blood
pressure): high blood This should open ]
1

pressure opens the BBB up the blood-brair

Development: the BBB is not fully barrier!
formed at birth. ki
Hyperosmolity: a high
concentration of a substance

in the blood can open the
BEB.

Microwaves: exposure to
microwaves can open the
BBB.

Radiation: exposure to radiation
can open the BEBB.

Infection: exposure to infectious
agents can open the BBB.

Trauma, Ischemia, Inflammation,
Pressure: injury to the brain
can open the BBB.




OYMATIQXH KNX: TAOOPYXIOAOI'TA

TIAVTOTE DEVTEQOYEVTG
ALUATOYEVNG OlxoTtoQA pukoBaktnowiov oto KNX

OQX K& OXTHATIONOS HLkQwV 0TV (Tov Rich): urviyyeg, utoxogloewdels
KOL VTTOETIEVOVUATIKEG OETELS TOV EYKEPAAOV, VWTLALOG pLeAOC

ETIAVEVEQYOTIONOT] AOYW €VOOYEVOUS (AVOTORVETAQKELES) 1] ETUKTITNG
(LTTOOLTIOUOG, XTUELOBEQATIEVTIKA/AXVOTOKATAOTAATIKA, UETAUOOXELOT),
Aopwéels [LAapa, AIDS],...) duvompaylag KUTTAQIKTC avooilag

dvvntikog poAog tov TNFa
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XTAAIA XY®IAHX

® -

Primary syphilis Secondary syphilis Early latent syphilis
Infection ' Chancre ' Rash Asymptomatic 2yrs or less post

Bilateral inguinal Laryngitis iui'icli?:n' ’ e - -
lymphadenopathy Condylomata lata
Hepatitis

(390 dmys) (4-10wks) | Meningitis
Lymphadenopathy
Low grade fever

U nireated

(=5yrs) | Benign Gummaious

— Cardiovascular
Late latent syphilis Aortitis

Asymptomatic greater than 2yrs post Tertia hilis Acxilc sogurgitation

infection”
Aneurysm

(10-25yrs) Neurosyphilis

Vascular —Seizures,
stroke

Myeopathy —tabes
doralis,

General paresis

Non-Infectious

# lyr or greater in US and European guidelines [10, 11]




YYDPIAH KNX: TAOODPYXIOAOI'TA

eloodog Treponema pallidum oto KNX, avooiakég avtiOQaoels, ayyeutic
umopet va etvat (kAwvikwg) aovuntwuatikn (ENY!)

UNVLIY Yo yyetakr) oV@IATN (evdaptnettic Heubner)

kopptwpata KNX 1 ootwv

TQOLOVOR  YEVIKT) naga)\vm)\ (general faresm of the insane [GPI]):
HIKQOEUPEAKTA [ ATQOPIA PAOLOV, ATWAELX VELRWVWY, AOTEOYAOLWOT
KoL HKQOYAOLwoT]

vowtiag @Oton (tabes dorsalis): amopveAtvwon departicwv Goll kat Burdach




MOPO®EYX YYDPIAHYX KNX




YYDIAIAIKO KOMMIQMA EI'KE®AAOY




NQTIAAA OOIXH




APOPOITAGOEIA CHARCOT XE NQTIAAA ®OIXH




TOZONMAAXMQYH: TAOOI'ENEIA

Animals with e

cysts in
tissue - ,

»—

@ e Sporozoite
T ease ey

Immature oocyst

Changing Mature cocyst
litter box

Infected
raw or undercooked

Congenital infection




TOZEOIMAAXMQYXH EI'KED®AAOY
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Figure 6 Toxoplasma immunostaining showing many bradyzoites in
the cyst (Large Black Arrow) with small tachyzoites in the
tissue around it (Small Black Arrows) (400X).




AMOIBAAIKH (MHNITTO)EI' KE®AAITIX

Naegleria fowieri

Enter through the iy
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AMOIBAAIKH (MHNITTO)ETKE®AAITIX
Nae gleria

Acanthamoeba

Children &
young adults

Diffuse
meningoencephalitis.

Runs rapidly fatal course
(death within 3-6 days)

History of swimming in
natural water or swimming
pools.

Infection occurs through:

The nasal route
cribriform plate
olfactory nerve — brain.

- .
o >
= - .
34 ’ " o W -
| & i
| |

Debilitated
Chronically ill
low Immunity

Focal, granulomatous,
space-occupying lesion.
Runs sub-acute or chronic

course (lasts for weeks,
months or years)

Not strongly associated with
swimming.
Infection occurs in:

Lower respiratory tract,
ulcerated skin or mucosa
blood stream CNS

Dr. RAAFAT MOHAMED
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EAONOXIA

human pj
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EAONOXIA

Asexual
blood-stage
cycle

72 hours Inflammatary
Pm. mediators and
cytokines

*\ *EBE

Elevated et
~f— Circulatory pathway core body —-- - Hypothalamus - -
- - - Neuronal pathway temperature

TRENDS in Parasitalpgy
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Haemozoin detection to diagnose malaria

Flow cytometry | LDMS Q
Haemozoin-induced immune modulation

Magnetic deposition

aemozoin biocrystalisation v Manocyte
as drug target Trophozoite
Cytokines,
Distribution of \ 4 chemaokines

haemironat 36 h
Immunopathology Matrix

. invasion
39% iron

Migration

Phagocytosis of
. haemozoin f%tz
61% iron

Anaemia

Quinine, chloroquine,
meflaquine, halofantrine,
amodiaquine, and others

Surface

markers :
Impaired B/T-cell

Haemozoin-containing monocytes/granulocytes . s
9 ytes/g ¥ IMMUNe response activation

as marker of disease severity

Flow cytometry
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EAONOXIA ETKE®AAOY




EAONOXIA ETKE®PAAOY




EAONOXIA EI'KE®PAAOY




KYXTIKEPKQYXH EI'KE®AAOY

Numerous cysticerci in the brain. X0.5,




KPYHHTOKOKKOX XTO ENY




KPYIITOKOKKQXH EI'KE®PAAOY




KPYIITOKOKKQXH EI'KE®PAAOY




PINO-EI' KEDAAIKH AOIMQEH AITIO MUCOR




IOT'ENEIX AOIMQEEIX ETKE®AAOY

ervous .

Lymphocytes in subarachnoid space
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Gitter cell
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IOT'ENEIX AOIMQEEIYX ET'KEDAAOY

(a) Polio (b) CMV

Spinal cord,
brain stem (\

A

=y
é Periventricular regions (infants),

scattered foci in grey matter
(immunosuppressed adults)

(c) Rabies (d) Arbovirus

Deep grey matter,
upper brain stem

(e) Herpes simplex

Temporal lobes " Dorsal root ganglion
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IHHOAIOMYEAITIX

Effects of live, attenusted poliovirus
= w-i!vmmunna_m I Relative distribution
of neuronal lesions 2 e Medulla—»

Extensive multiplication of in spinal and bulbar
strains in alimentary tract with poliomyelitis
minimal o 0o viremia fesults in

resistance of alimentary tract to -

subsequent intection by naturally

_pecurting polioviruses

Cervical

Development of antibodies in blaod

that can neutralize naturally

Occurting polioviruses which may |

@scape barrier of resistant | Thoraci
alimentary tract | " . oracic

- Lumbar

Paralytic residua of

spinal poliomyelitis
Multiple crippling £
deformities
contractures,
atrophy, severe
scoliosis and
equinovarus

Genu
recurvatum,
atrophy

of limb

have intestinal '_t@.

5

Property vaccinated pi
psaguent infection by naturatly ¥ Potioviruses
Result is markedly decreased o no muitiplication of
these viruses in alimentary tiact, which breaks chain
of dissemination = =

Scoliosis




EPIIHTIKH ET'KE®AAITIX

Virus

_~ Latent virus

Primary Reactivated

virus
Recurrent
infection

infection

Spinal cord

Spinal cord




EPIIHTIKH EI'KE®AAITIX

Sites of HSV Infection and Disease

* Encephalitis

» Keratitis

* Mucocutaneous disease
(immunocompromised « Recurrent labialis
host)

* Primary HSV-1
oropharyngeal herpes

Primary genital herpes ®
(HIV-2 or HSV-1)

Recurrent herpes genitalis / \
Genital X
Tract

Neonatal herpes




EPIIHTIKH ET'KE®AAITIX




ErKE®AAITIE AIIO KYTTAPOMETAAOIO (CMYV)

Cytomegalovirus

Fetuses /immunosuppressed

In utero: periventricular necrosis
and calcification, microcephaly

Morphology :

In immunosuppressed patient -
subacute encephalitis, with CMV
inclusion-bearing cells




MPOIOYXA MOAYEXTIAKH AEYKOEI'KE®AAOITAGEIA (PML)

Pathogenesis of JC Virus

Childhood &
adolescence

‘ Lyr_n phoid
tissue
JCV ] A :

Lymphocytes

Oligodendrocyte R Immuno-
* suppression Other
(T-cell and/or lymphoid

B-cell defect) tissue

Fibrillary

Demyelination astrocyte *

Bizarre
astrocyte

- *

Oligodé‘r:ldrocyte
death

Pathocenesis of JC virus infection causing proaressive multifocal



MPOIOYXA MOAYEXTIAKH AEYKOEI'KE®AAOITAGEIA (PML)

Multiple Sclerosis (MS)
Humanized monoclonal antibody (mAb) N T
against o, P, B, integrin; it prevents the Tncidence 1/300
migration of inflammatory leukocytes into 94 doses: incidence 1/30

the CNS and gut. . .
increases with # doses

Humanized mAb against Hematologic

CD20; it binds and destroys Mali i v
. alignancies HI
B cell, causing prolonged B
=P *Rituximab Incidence 1/100 Organ Transplant

cell depletion Ihoidohee 15571085 G Heart, Lung, & Kidney Acts by inhibiting B and
Alemtuzumab and suppression Incidence 1/10¢6 T-cell proliferative
. . bt . *Mycophenolate (CellCept) s
Humanized mAb against renfuximat viral factors - responses
CD52; it eliminates T and B Incidence: rare
cells for prolonged period

Antibody-drug
conjugated and directed
against CD30
Other Underlying Diseases

Systemic Lupus Erythematosus (SLE)
Rheumatoid Arthritis (RA) Multiple agents: rare occurrence of PML

Connective Tissue Diseases (CTDs)
*Rituximab, *Efalizumab,

5 Humanized mAb against CD11; it prevents the migration of
Alemtuzumab, Infliximab ; e P 8t

inflammatory leukocytes into the CNS (withdrawn from
European and U.S. markets in 2009)

mAb against tumor necrosis factor alpha (TNF-o)




MPOIOYZA NOAYEXTIAKH AEYKOETKE®AAOIIAGEIA (PML)




Rabiles Dishibution




Pathogenesis of Rabies virus

S) Replications take place in X9\ 6) Infection of brain neurons
the motor wouron of 5'"“.“' Nl leading to fatal inflammation
cord & ganglia travels to brain ;

4) Virus travels within axons X Encephalitis is a condition
in peripheral nerves through 2 where there is inflammation
axonal transport of the brain; this is caused
| by rabies viral infection

3) Virus binds to nicotinic

acetylchnlmu;: re_n:epi::_rrs at y/ 7) Virus enters salivary

neuromuscular juncuions glands & other organs of
7 the victim

2) Virus replicates in the muscle

J : . ‘.‘.i-l'f.-" : .-:

1) Viral inoculation from a rabid
dog bite or a rabid animal

N \







EKAHAQXEIX A.LD.S. XTO K.N.X.

EVKALQLAKEG AOLHWEELS (aTLTTA HUKOBaKTNOWOW, TOEOTMTAAOUA, HUKNTEC)

veormAaopata (oagkwua Kaposi [HHV-8], mowtomabr) pn-Hodgkin B
Aeppopata KIN.Z. | EBRII

aAdowwoels opeldopeves otov HIV  (yAowopeoeyxvpatika olix kat
YLYAVTOKUTTAQX OTOV EYKEPAAO, KEVOTOTILWONG pveAoTtaOewn)

PAQHAKEVTIKEG AVTIOQATELS







AOIMQEH AIIO SARS-CoV-2 (CoViD-19)

Pulmonary involve ment

ACE2 recaploron type |l aveolar epithelial calis
= lung tropism

SARS-CoV-2: alveolarinjury and interstitial
inflammation

Proinflammatory factors, oytokine storm and immune
system acthvation

Diffuse pulmonary intravascular coagulopathy
Sient hypooda and atypical ARDS

Renal invalvernent

* ACE2 in podocytes, mesangial cells, epithelium
of the Bowman's Capsule, proximal cells brush
border and collecting ducts
UncontmoBed syslamic
rosponsa =+ kidney injury
Alterations in ronal hemodynamics

inflammalory

Hematologicl manifestations

*  Direct ACE2-dependent infection of lymphocytes,
cytokine-induced lymphocyte
apoptosis= lymphopenia
Systemic inflammation=*increased Inflammatony
indices
Endothelial dysfunction and immune
deregulation =* blood hypercoagulabilivy

Skin manifestations

«  Direct virus infection

* Related to underlying vasculopathy
* Secondary to host immune response
*  Treatment-related

Nervous system invalvement

Direct CNS invasion: hematogenously or via the
retrograde neuronal route eg olfractory neurons
Hyperinflammatory status: oytokine-mediated brain
damage

Host immune response effects

Cerebrovascular disease on the ground of

hy percoagulation

ACE-2in host olfaclory and gustalory pathways =
anosmia, ageusia

Direct PNS and skeletal muscle infaction

Cardiovascular manifestations
Heart: direct - ACE2 related = acute M,
myocarditis, decompeansated HF, tachyarrhythias.
Heart: indirect =» inflammatory reaction keading to
decompensation of underlying disease
Endotheliopathy
Kawasaki-like syndrome

Gastraintestinal and liver imvolverment
ACE2 on enterocytes in the ileum and colon
Direct infecton and apoptosis of epithelial celis
in the Gl tract < diarrhea, vomiting, nausea
Liver: direct infection and apoptosis of
hepatocytes, hypowda, sepsis, drug-induced
Toatcity

Endocrine manifestations

*  Molecular mimics to the hosl ACTH =
cortisol insulficiancy
Direcl infeclion = degeneralion and nacrosis
of lhe adrenal gland
ACE2 expresed on hypothalamic and piluitany
lissues = direct hypolhalamic damage and
hypophysilis




Olfactory Bulb
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AOIMQEH AIIO SARS-CoV-2 (CoViD-19)

COVID-19 infected o

L Ner}r‘eCeil . /

& i

COVID-19 infected

o 1N | _ Nerve Cell
.\ /=== Blood-Brain barrier

b

Cerebrospinal Fluid (CSF)

COVID-19 infected CSF



AOIMQEH AIIO SARS-CoV-2 (CoViD-19)

Anosmia
Myopathy

Ischemic Stroke
Headache
Seizure
Encephalitis
Encephalopathy
Neuropathy

COVID-19

Dizziness

Cerebral Venus Sinus Thrombosis
ADEM

Acute encephalomyelitis

Acute Myelitis

Optic Neuritis
Leukoencephalopathy
Acute Necrotizing Encephalopathy(ANE)
MERS

PRES

Movement Disorders

CNS Vasculitis

Cranial Nerve abnormalities
Myositis

Myasthenic crisis




AOIMQEH AIIO SARS-CoV-2 (CoViD-19)

CNS INVASION \ RISK FACTORS

AGING

SYSTEMIC DISEASE:
HYPERINFLAMMATION

VASCULOPATHY CHRONIC COMORBID DISEASE
NEUROINFLAMMATION

POST-INFECTION REACTIONS CHRONIC STRESS

INCREASED COVID-19 SEVERITY
NEUROLOGICAL DISTURBANCES
NEURO-PSYCHIATRIC LONG-TERM CONSEQUENCES




XYMBOAH TOY MAOGOAOI'OANATOMOY

PATHOILOGY

«Koxol pdptupes dvOpwtiotoy deBaApol kal mta,
BapBapoug voag Exdovtwvy

‘HpdxAertog, Iepi Tod mavtoc, IV




