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CNS 1nfections

* Meningitis
* Encephalitis



Definition

inflammation
of the membranes
covering the brain or e
spinal cord (pia and ) A Q;“'

arachnoid mater)

inflammation of the
cerebral cortex (tissue)

inflammation of the
meninges, subarachnoid
space and cortex

Seminars in Neurology: 2000: 20(3)



Meningitis

Normal meninges:
_dura mater
arachnoid

Pla mater




Encephalitis
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Meningitis classification

JAcute meningitis
JSub acute meningitis
JChronic meningitis



Meningitis classification

JBacterial (pyogenic)
JGranulomatous
JLymphocytic



Epidemiology

e |[ncidence
= 2.5to 3.5 cases per 100,000 people
= 0.16 to 0.45 per 1,000 live births

e Common Organisms:

= 1986 - H. influenzae (45%), S. pneumoniae
(18%), N. meningitidis

(14%)
= 1995 - S. pneumoniae (47%), N. meningitidis

(25%),

Listeria monocytogenes (8%),
H.influenzae (7%)

Seminars in Neurology: 2000 20(3)



Meningitis etiologies

* Pneumococcal meningitis

o Haemophilus influenzae meningitis
 Staphylococcal meningitis

* Meningococcal meningitis

» Tuberculous meningitis



Meningitis etiologies

* Fungal

* Parasitic causes
(cryptococcal meningitis,
Histoplasma meningitis, and
amebic meningoencephalitis)



Meningitis etiologies

* Viral meningitis
— Enterovirus : 85% of all viral
causes including:
e Echoviruses
e Coxsackieviruses A and B

e Polioviruses

e the numbered enteroviruses



Meningitis etiologies

* Viral meningitis
— Herpes family (HSV1,
HSV2, EBV, CMV,
—Mumps
— Polio virus



Meningitis etiologies

* Viral meningitis
—Lymphocytic choriomeningitis
viruses (LCMV)
—Adenoviruses

—Measles
—HIV



Meningitis etiologies

* Viral meningitis
—Arborviruses including:

(Togavirus family: St. Louis encephalitis™ West =
Nile, Japanese B, and Murray Valley viruses,
from the Flavivirus family; and California group
and Jamestown Canyon viruses, from the
Bunyaviridae family. Colorado tick fever 1s
caused by a coltivirus)



Meningitis etiologies

* Non- infectious causes of
meningitis: Drugs, Autoimmune
disorders, migraine, GBSx.....



Meningitis etiologies

* And the last but not the least!
TB Meningitis
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Pathophysiology: common routes

e Hematogenous spread common

e Nasopharynx

* Trauma

e Instrumentation

* Infection foci in neighboring organs




Meningitis risk factors
e Age>60y/o0
e Age <5y/o

e DM, renal or adrenal insufficiency,
Hypoparathyroidism,CF

e HIV

* Crowding (eg, military recruits and college
dorm residents)

e Splenectomy and SCA
e VP Shunt

e Malignancy



Meningitis risk factors

Alcoholism and cirrhosis
Sinusitis, COM, Mastoiditis

Dural defect (eg, traumatic, surgical,
congenital)

Major thalassemia
IDU
Endocarditis

Some cranial congenital deformities



Pathophysiology

Cell wall and membrane products of organism
disrupt capillary endothelium of CNS (BBB)

Margination and transmigration of PMNs across
endothelia in CSF

— Release of cytokines and chemokines into the
CNS

Inflammation of subarachnoid space
Neurologic Sequelae: 10 % of surviving patients

Sensorineural hearing loss, seizures, and
hydrocephalus









Clinical Manifestations

Fever
Headache
Neckpain or stiffness

Infants:
— May exhibit uritability, vomiting, poor feeding

— Nuchal rigidity or bulging fontanelle present in roughly 50% of
mfants and young children

Other:

— N&V, photophobia, uritability, altered mental status, diffuse rash,
petechia, purpura



Physical Findings

Kernig’s sign Brudzinski’s sign




Skin rashes

Skin rash pathogenesis:

a. Septicemia
b. wide spread endothelial damage
c. activation of coagulation
d. thrombosis and platelets aggregation
e. reduction of platelets (cosumption )
f. BLEEDING 1.skin rashes

2.adrenal hemorrhage

Arenal hemorrhage 1s called Waterhouse-Friderichsen
Syndrome.It cause acute adrenal insufficiency and is
uaually fatal









Specific presentations

e Trauma

* Bleeding diathesis
« SAH

o Anthrax

« HSV encephalitis
* Listeria



Complications

» Antibiotic treatment------ full recovery

* Delayed or untreated cases--- can be fatal
(25%)

» Healing by fibrosis cause obliteration of
subarachenoid space--HYDROCEPHALUS

» Brain abscess
» Septic shock and skin rashes, why ?



Complications

* Ventriculitis

* Empyema

» Cerebritis

» Abscess formation






Long-term Neurological Complications

Adverse Outcomes at One Year of Age of
12 Infants With Bacterial Meningitis

Category of Disability | Number

Development delay 10

Cerebral palsy 1
Microcephaly

I Hemiparesis

Hearing loss

Blindness

Seizure disorder

Total number of disabilities exceeds the number of infants owing to the presence of multiple
disabilities in most subjects




Diagnosis

e Lumbar puncture
—Cell count with differential
—Protein
—Glucose
—Gram stain of CSF
e Cultures of CSF, blood and urine
« ADA



So what 1s a sensible rule for LP?

At a mmimum, if you want to avoid missing =
meningitis (and deaths and handicap from

it), and avoid wasting antibiotics, at least LP
those with history of fever and one of: -

— Bulging fontanelle

— Staff neck

— Fits 1f age <6 months or > 6 yrs
— Partial or focal fits

— Reduced consciousness




CSF pressure

» Normal opening pressure :10 to 100
mm H20

In young children (less than 8 y/o, and
60 to 200 mm H2O after eight years
of age)

* Obese patients: up to 250 mm H20



CSF Findings 1n Infants and Children

Component Normal Normal Bactenal Viral
Children Newbormn Meningitis Meningitis

Leukocytes/m 0-6 0-30 >1000 100-500
cL

WBC

Neutrophils

(%)

Glucose 40-80

(mg/ dL) 2/3 serum < Y4 serum

Protein 20-30 19-149 >100
(mg/dL)

Erythrocytes/ 0-2 0-2 0-10
mclL.




CSF Findings in meningitis

Typical Cerebrospinal Fluid Findings in Various Types of Meningitis

Test Bacterial Viral Fungal Tubercular
Unening pressure  Elevated Usially normal — Yanable Yarlable
White blood cell 21 000 per mm® <100 per e’ Variable Wariable

count

Cell diferential ~ Predominance of  Predominance of
Pl lymphocytest

Froten Wild to marked — Normal to elewated
olevation

CoF-to-serum  Mormal to marked  Usually normal
glucose ratio decrease

CS5F = cerehroaninalig, FUNG = poldmorahonucisocitss

Pradominance of
ymphacytes

Cleyvated

L o

Fredominance of
lymphaciytes

Elevated

Lo



Value of LP findings — Acute
bacterial meningitis.

All the true acute bacterial
meningitis cases




Bedside assessment alone 1s very helpful.

75% of acute bacterial
meningitis cases can be
detected by examining
for CSF cloudiness or
turbidity at the bedside.




CSF Cloudiness / Turbidity

If you car
sample I¢

If yOu ca
sample |

NS then the

bly normal.

A simple test of CSF
turbidity is to see if
normal print can be
read easily through
the sample — CSF
should be crystal
clear.

Cloudiness usually
appears at CSF
WBC counts >
200x108 Wbc per L



CSF culture 1s great but if 1t 1s not
available a microscope will provide
nearly all you need to know.

82% of acute bacterial
meningitis cases can be
detected by either turbidity
or a CSF white cell count
and using a cut-off of >50
WBC per uL. (>50 x 108
WBC per L)




CSF microscopy, blood and CSF glucose
measures are highly sensitive.

96% of acute bacterial
meningitis cases can be
detected by turbidity, a CSF
white cell count of >50 Whbc
per UL (>50 x 10° Whc per L)
or a CSF glucose to Blood
glucose ratio <0.1*

* Books suggest a ratio of ~0.6, this is much foo high to be useful



CSF discoloration

Cerebrospinal Fluid Supernatant Colors and Associated Conditions or Causes

Color of C5F
supernatant Conditions or causes

ellow Blood breakdawn products
Hyperbilirubinemia

CSF protein 2190 mg per dL (1.5 g per L) =100 000 red blood cells per
i’

Orange Blood breakdown products

High carotenoid ingestion

Firk Blood breakdown products
Green Hyperbilirubinemia
Furulent CSF

Brown Meningeal melanomatosis



Empiric Treatment

Try to get LP prior to initiation of
antibiotics but begin intravenous
empiric therapy if LP cannot be
performed within 30 minutes
from presentation !!



Treatment Considerations

Allergies

Empiric Therapy: Age specific
CSF Penetration
Cultures/Sensitivities
Pathogen Specific Therapy
Duration of Therapy



Age-Specific Etiology

TABLE 1 -- RECOMMENDED EMPIRIC ANTIMICROBIAL THERAPY FOR BACTERIAL MENINGITIS BASED ON AGE

Age

Major Pathogens

Antibiotic Regimen

Alternative
Regimens

Comment

Neonate < 1 month

Group B Streptococcus,
Listerfa monocytogenes,
E. coli

Ampicillin plis
Cefotaxime

Ampicillin plus
Gentamicin

Streptococcus pneumoniae
Neisseria meningitides
Haemaphilus influenzae

Ampicillin piss
Ceftriaxone
(or Cefotaxime)

Chloramphenicol
pius Gentamicin

Cerebrospinal fluid levels not
reliable in low-birth-weight
infants and should be monitored

3 months fo 18 years

Nelsseria meningitidls,
Streplococcus pheumoniae
DRSP included here
Haemaphilus influenzae

Ceftriaxone
(or Cefotaxime)

Meropenem or
Chloramphenicol

Add Vancomycin in areas with
greater than 2% incidence of
highly drug resistant
Streptococcus pneumoniae

18 to 50 years

Streptococcus pneumoniae,
Nelsseria meningitidss,
Haemophilus influenzae

Ceftriaxone
(or Cefotaxime)

Meropenem or
Chloramphenicol

Add Vancomycin in areas with
greater than 2% incidence of
highly drug resistant
Streptococcus pneumoniae

50 years and older

Streptococcus pneumoniae,
Listerfa monocytogenes,
gram-negative bacilli

Ampicillin pls
Ceftriaxone
(or Cefotaxime)

Ampicillin plus
Fluoroquinolone
(Ciprofloxacin,

Levofloxacin)

Add Vancomycin in areas with
greater than 2% incidence of
highly drug resistant
Streptococcus pneumoniae; for
patients who have major penicillin
allergy, TMP-SMX can substitute
for ampicillin to treat Lister/a
monocytogenes




IDSA Antimicrobial Recommendations

Microorganism

S. pneumoniae
Penicillin MIC
<0.1 mecg/mL

0.1-1 mcg/mL

> 2 meg/mL

N. meningitidis
Penicillin MIC
<0.1 mecg/mL

0.1-1 meg/mL

IDSA Guidelines

Standard therapy

penicillin G or ampicillin
cefotaxime

vancomycin plus cefotaxime

penicillin G or ampicillin

cefotaxime

Alternative therapies

cefotaxime
cefepime, meropenem

fluoroquinolone

cefotaxime

meropenem,
fluoroqumolone



IDSA Antimicrobial Recommendations

IDS A Guidelines

Microorgamsm Standard therapy Alternative therapies

S. agalactiae ampicillin or penicillin G cefotaxime

(Group B Strept)

E. coli 3*d generation cephalosporin ~ azireonam, meropenem.
guided by mn vitro ampicillin
susceptibility results

Listeria ampicillin or penicillin G meropenem
monocytogenes




Intravenous Antibiotic Therapy

Recommended Intravenous Doses of Antimicrobials Used to Treat Bactennal Meningitis

Antimicrobial
Ampicillin
Cefotaxime
Cefinaxone
Caftazzdime
Chloramphenicol
Gentamicin
Meropenem
Penicillin G
Rifampin

Trimethoprim/Sulfamethoxaz
ole

Vancomycin

Dose in Children
75 mg/kg Q6 Hr
50-75 mg/kg Q6 Hr
50-75 mg/kg Q12 Hr
75 mg/kg Q12 Hr
25 mg/kg Q6 Hr
2.5 mg/kg Q8 Hr
40 mg/kg Q8 Hr
50,000 U/keg Q4 Hr

10 mg/kg Q24 hr (Max 600
mg)

10 mg/kg Q12 Hr

20 mg/kg Q8 Hr

Dose in Adult
2g Q4 Hr
2 g Q6 Hr
2g Q12 Hr
2 g Q8 Hr
1 g Q6 Hr
2 mg/kg Q8 Hr
2 g Q8 Hr
4 mullion unit Q4 Hr
600 mg Q24 Hr

10 mg/kg Q12 Hr

1 g Q12 Hr




Optimization of Antibiotic Therapy

* Once culture information 1s available and
organism has been 1dentified, review
antibiotic choices to ensure appropriate
treatment

* Determine duration of therapy based on
organism identified



Pathogen-Specific Therapy

Organism

Group B Streptococcius

H. Influenzae

Listeria monocytogenes

Neisseria meningiftis

Streptococcus pneumoniae

Other gram negative bacilli

Duration

14-21 days

7-10 days
14-21 days

7-10 days
10-14 days

21 days




Adjunctive Treatment

e Dexamethasone: Controversial

Rationale: inflammatory cytokines have role in
pathophysiology of bacterial meningitis

Debate: adjunctive therapy could reduce
penetration of antibiotics into the CNS

Clinical trials show benefit: reduced audiologic and =

neurologic complications
v’ Benefit seen only in patients infected with H. influenza
v Benefit seen in patients infected with S.pneumo but not statistically

significant
AAP recommends initiation 30 minutes prior to 1

dose of antibiotics
Dose: 0.15 mg/kg/dose IV q6h x 4 days

NEJM 1991: 324(22).



Prognosis

e Death

— ~30% fatality unless
meningococcl are a
prevalent cause when
mortality 1s a little lower.




Prognosis cos

» Death ~ 30%

& -—H “ A
» Severe Handicap ~ 25-30% %" e,

— Hemiplegia
— Blindness Ry X
— Deainess

— Severe Learning Difficulty

— Severe behavioural disturbances

— Severe Epilepsy.



Prevention

* N. meningitidis =
= Prophylaxis of close contacts

* Rifampin
* < 1 month old: 10 mg/kg ql2h x4 doses
= > 1 month old: 20 mg/kg q12h x 4 doses
» Adults: 600 mg ql2h x 4 doses

* Ceftriaxone 150 mg IM x 1 dose

» Ciprofloxacin 500 mg x 1 dose

 [mmunizations

= Pneumococcal Vaccine for children < 2 yrs

= Meningococcal Vaccine for all 11-12 year olds,
unvaccinated adolsecents at high school entry, all
college freshmen living in dormitores, and > 2 years at
high risk




Take Home Message

e Meningitis 1s suspected clinically but
confirmed by LP

* Children will die and suffer disability
because clinicians do not do an LP —
blaming the lab 1s no excuse.

o If clinicians and lab staff work together
acute bacterial meningitis can be accurately
diagnosed.




HERPETIC
ENCEPHALITIS



EPIDEMIOLOGY

Incidence: 1/250,000 to 500,000/ year

Morbidity: Untreated patients, 70%
Treated patients, 19%

Morbidity: > 50% of survivors are left _
with moderate or severe

neurologic deficits
Sex: In male & female is equal \

Age: Peaks in childhood & middle-aged



HSE

Acute or Subacute Ilines
General & Focal Cerebral Dysfunctio

Sporadic ‘
without Seasonal Pattern

|



PATHOGENESIS

**Children & young (c)zljc!utlt:
actory

bulb

*Adult:



PATHOLOGY

Edema & Congestion & Hemorrhage &Necrosis

Hallmark of HSE:

Bilateral Asymmetrical
Anterior Temporal lobe inflammation






CLINICAL MANIFESTATIONS
NO PATHOGNOMONIC CLINICAL FINDING

“*»Typical symptoms: -

*Headache 81%
*Psychiatrics symptoms 71%

*Vomiting 46%
o Focal weakness 33%

*Altered mental status & photophobia



CLINICAL MANIFESTATIONS
NO PATHOGNOMONIC CLINICAL FINDING

“*Typical finding on P/E: -
*Alteration of consciousness 97%
*Fever 92%

*Dysphasia 76%

Seizures 38% (Focal 28%, General 10%
*Hemiparesis 38%
*Cranial nerve defect 32%
*Visual field loss 14%
*Papilledema 14%

=

¥



DIFFERENTIAL DIAGNOSIS

v'Brain abscess

v' Epidural & Subdural abscess
v'Neoplasms, Brain
v'Pediatric febrile seizures B

v'Stroke & Hemorrhagic or Ischemic



WORK-UP
*Lab Studies:

CSF 2 Mononuclear pleocytosis

Elevated protein

NI or reduce glucose

Initial may be NI

Hemorrhagic nature 2>Elevated RBC
HSV is rarely cultured

CSF/PCR 2>Sensitive & Specaf ic



WORK-UP

Imaging Studies: .
*MRI ( Preferred mainly imaging )

Bilateral Temporal & Inferior Frontal Changes
wCT-Scan ( much less sensitive than MRI)

Other tests:
' EEG > Focal abnormalities :

Slow-wave or periodic sharp-wave
Over temporal lobe
Sensitive Not Specific









HERPETIC ENGEPHALITIS




ITREATMENT
Goals of therapy:



TREATMENT

e Supportive therapy:
— Monitoring of ICP
— Fluid restriction =
— Treatment of seizure

e Acyclovir 10mg/kg q8h
for 14 days Y



RABIES



RABIES

Acute viral disease of CNS

All mammals

|

RNA virus = Lassavirus =2 Rhabdoviru



Rabies Yirus Structure

glyzoprotein
spikes (G)

Lipid
bilayer

matrix protein M) rbonucleoproteln core
(asRN&, N, NS, and L)

Figure 2: Components of the rabies wirus




EPIDEMIOLOGY

» Worldwide distribution( Austraiia Antarcitica) ™
» Urban rabies: dogs,cats
»Svlvatic rabies: foxes, wolves, bats,.. .
» Transmission: Bite
Aerosol
Ingestion 8
Transplantation

““EPIDEMIOLOGY IN IRAN



Brain inflammation

Virus transmitted by

infected saliva .
through bite
~or wound



Rabies virus may
infect the central
nervous system

Brain

Spinal cord




Rabies, beginning 2001

B Countries where rabies® i present
[ Rsbies-ree zauntriss

1 M infaeration

"Rabegs = thiy manual 13 defined as 2 dvesse cnned by Lisevinsges belonging o jerotype’miotyes |,
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PATHOGENESIS

Live virus 2> Epidermis, Mucus membrane -

l

Peripheral nerve
I centripettally
CNS ( gray matter )
I centrifugally

Other ftissue (salivary glands,...)



I'SEE Tn?e;t:tjl ] B erua‘tﬁavals from
— brain via nerves to
other tissues such as
eye, kidneys, salivary
glands
4 Virus replicates in
dﬂﬁal mf: gangianl 3 3. Virus infects nerve in
an Gfrfm ;fa;pma ' peripheral nervous
zord to bray eyetom
. i (A Moves by retrograde
1. Virus enters Wy ' trangport
luia animal bite |} |
T / i Y 2. Virus replicates in
_ | M | muscle at site of bite




CLINICAL MANIFESTATIONS

1 — Non specific prodrome

2 —Acute neurologic encephalitis
Acute encephalitis |
Profound dysfunction of brainstem

3 —Coma

4 - Death ( Rare cases = recovery )



CLINICAL MANIFESTATIONS

1 — Non specific prodrome

1-2 days =21 week

s Fever, headache, sore throat

‘*Anorexia, nausea, vomiting,

“* Agitation, depression

¢ Paresthesia or fasciculations at or
Around the site of inoculation of virus.



CLINICAL MANIFESTATIONS

2 —Acute Neurologic Encephalitis

1—-2 days to < 1 week

¢ Excessive motor activity, Excitation, Agitatio
“* Confusion, Hallucinations, Delirium,

‘s Bizarre aberrations of thought, Seizures,
“*Muscle spasms, Meningismus,
“*Opisthotonic posturing

‘»Mental aberration ( Lucid period - coma )

‘* Hypersalivation, Aphasia, Pharyngeal spasms
s Incordination, Hyperactivity,



CLINICAL MANIFESTATIONS

2—Acute Neurologic Encephalitis Phase

wFever T > 40.6
¢ Dilated irregular pupils

)

1 Lacrimation,t Salivation & TPerspimtion

*Upper motor neuron paralysis

ot Deep tendon reflexes

‘v Extensor plantar responses ( as a rule)
‘s Hydrophobia or Aerophobia (50 -70% )



Course of Rabies Transmission and Progression

Infected Domestic Ant mal - B Infected Wild &nidmal

'“x\ ‘/.-"
Human Aanimal Contact —

/ Exx posure
_ / '.’I:-1t L eted

Infe-l:tn:ln -

v

Incubation Period

Figure 1: adapted from Bser 758 Fig G (p Q073















DIAGNOSIS

Isolation of virus (saliva,CSF, brain ) =

*Serology
Viral Ag detection (infected tissue )

*Viral DNA detection ( PCR )



DIAGNOSIS
*Laboratory finding: ( CBC, CSF )
cExclusion of other etiologies

*Pathology:

Formation of cytoplasmic inclusions:
( Negri bodies )

(Ammon’s horn, Cerebral cortex,

Brainstem, Hypothalamus,

The Purkinje cells of cerebellum,
Dorsal spinal ganglia )






DIFFERENTIAL DIAGNOSIS

"Other viral encephalitis

" Hysteria reaction to animal bite
» Landry/Guillan-barre syndrome
" Poliomyelitis *

"Allergic encephalomyelitis (rabies vaccine)



PREVENTION

“*Preexposure Prophylaxis

“*Postexposure Prophylaxis



HUMAN RABIES BIOLOGICS PRODUCT

“*Rabies immune globulin:




HUMAN RABIES BIOLOGICS PRODUCT

“*Vaccine:
Human diploid cell vaccine (HDCYV)
Purified chick embryo cell vaccine (PCEC)

Purified Vero cell vaccine (PVRYV)
Purified duck embryo vaccine (PDE



PREEXPOSURE PROPHYLAXIS

Veterinarian, Cave explorers,
Lab workers, Animal handlers

“*Active immunization (Vaccine)
On days: 0, 7, 21 (28)

“*Booster doses (Neutralizing Ab <I:5)



POSTEXPOSURE PROPHYLAXIS

1 — Wound cleaning & treatment
( Tetanus & Antibiotics )

2 — Passive immunization

3 —Active immunization



RADHS
| OBSERVATION ARFA

WITOZE D TeRRUNNED







POSTEXPOSURE PROPHYLAXIS

1 — Wound cleaning & treatment

Wash the area
of an animal
bite thoroughly




Apply pressure if
bite is actively
bleeding




Initial treatment for an animal bite should
include thorough cleansing however all
animal bites should be seen by a physician




POSTEXPOSURE PROPHYLAXIS

2 — Passive immunization :
HRIG 201U/Kg IM on day 0

| © &

)




POSTEXPOSURE PROPHYLAXIS
3 —Active immunization



PREVENTION IN ANIMALS

Sy

Rabies Vaccine



Thanks for your kind attention!



