Meningitis & Encephalitis

Marwan Shalabi, MD, FAAP.
Pediatric Infectious Diseases Consultant

CNS Infection

* Meningitis: lnﬁammod-ion o(? the "V\ef\“ﬂgﬁs (?""‘/A(C*d“w;d/pu'rcb

* Aseptic meningitis:lnplamma\r:on of dhe meniogs w/ ~ve colture
~ teelC
. ) the oran arenchuma ‘se
'Encephalitls'-)nplamma%oﬂ OQ w? meninaﬂi—b/"(eméﬂoence{?halfkg

( Requently encephalits presents
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* Myelitis : nflammation of e SPlﬂq\ cor

Scanned by CamScanner




‘
AAVAR AN

*Meningitis:
* Inflammation of the meninges
* CSF pleocytosis

u@g)\ bhked {es]- ﬁ\ﬁ;\—#
Neringitis 3= < sl WBC W 1y

* Aseptic meningitis:
* Meningeal inflammation with negative CSF bacterial cultures
* No prior antibiotic usage

* Infectious and noninfectious causes .
ex. Kawasaki isease
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* Encephalitis:

* Inflammation of the brain

* Produces neurologic dysfunction:

* Altered mental status

* Behavior, or personality changes
* Motoror sensory deficits

* Speech or movement disorders
* Hemiparesis

* Paresthesias

- A"O‘\u.a

* Myelitis

* Inflammation of the spinal cord
*Symptoms:  (wealtess aic o
» flaccid paralysis and reduced or absent reflexes.
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+ However each age has il's own oragnisms

Etiology oF Bacterial Meningitis by age group

Newborn Period —; G85§5 o) 931 new born Sady nkx sl ¥
E.co [ 5

More than 2/3 are caused by:

b = Steeploceccus agalactae
* Group B streptococcus (GRS) —> o the birth canal
* Gram-negative enteric bacilli — 7"
* E. coli, Salmonella, Enterobacter
* Listerig monocytogenes

Etiology of Bacterial Meningitis by age group

The most common
Children 1-23 months The most [Alal
The mos}t |ikeb Yo cause sde eﬁéctls

 Geam +ve d-‘PlocoCC'( .
*e Streptococcus pneumoniae
* Neisseria meningitidis
** Group B streptococcus
*+ E. coli

* Haemophilus influenza type B, £ osoa < voccinen Lo &3 Ly
1 olsad A s\

Vaccine %P& is ”CO":\USQ}EO( A —Pcv (?Seumocaccal GQS"S“*?-G{ VC\::cMG)

+ The vaccne cmlg wor Ks gr H-Tﬂﬁuanme tv_jpe __’lé_ oﬂ\:s

]
L:?ngumonTa is caused \61.5 rlovﬂBPdole H. nFluezae (alse okitis + smusitbus)
(o the vaccine doesn't ,D(GVG'\{' this)
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Euology of Bacterial Meningitis by age group

Children > 2 years

¢ Streptococcus pneumoniae
S Neisseria meningitidis

Bacterial Meningitis 2002-2003
By Pathogen, By Age Group
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Bacterial Meningitis

Percentage
Bacterium of Cases  Fatality Rate
Streptococcus pneumoniae 30-50 19-46
Neisseria meningitidis 15-40 3-17
Haemophilus influenzae 2-7* 3-11

Other bacteria causing meningitis account for 6-8% of
cases.

*Before introduction of Hib vaccine, H. influenzae accounted
for about 45% of cases of baclerial meningitis; about 70% of
these cases occurred in children under age 5.

SOURCE: Adapted from E.J. Phillips and A.E. Simor,

“Bacterial Meningitis in Children and Adulls,” Postgraduate
Medicine 103 (3]:104 (1998).

Haemophilus influenzae Meningitis

* Occurs mostly in children (6 months to 4 years)

* Gram-negative aerobic bacteria, normal throat microbiota
* Capsule antigen type b

* Prevented by Hib vaccine (PcV)

L'DHelpeo\ Yo the ate 0(-) men‘xf\%'\\('s,
/PW) and ep'ng\o\’ﬁh‘sm .
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Haemophilus influenzae Meningitis

8

Incidances (per 100.000) (graph lne)
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Figure 22.3
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fetechial Rash  — Indicakive °P Neisseria Meniﬂg',hdis
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Neisseria Meningitis

(Meningococcal Meningitis)

* N. meningitidis

* Gram-negative aerobic cocci, capsule

* 10% of people are healthy nasopharyngeal carriers
* Begins as throat infection, rash

* Serotype B is most common in the U.S.

s &s shabe Fam shkin B ey ) 45 o gram e o e by, Mg &
= ey oropmism ) e a5

Streptococcus pneumoniae Meningitis

* Gram-positive diplococci

» 70% of people are healthy nasopharyngeal carriers

* Most common in children (1 month to 4 years)

* Mortality: 30% in children, 80% in elderly

* Prevented by vaccination (Pneumococcal Conjugated Vaccine,

PCV)
‘\ 51 e N s \f o 4 Mos} comman comp\n'cal'fon 's

\i:)" L_'J%;“ 5 2M=) <l e — OF pts deuelo,o
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Pathogenesis

[}

3% Mediators: TNF, PAF, IL-1

Cytotoxic edema Vasogenic edema

A o TR A

v
lbra-cranial pressure

(cavses _haadache /neck stffness ...)

Meningitis
Learn the Symptoms - Meningitis

Symptoms can appear in any order, & may not all be present.
*Young children with meningitis may not have a stiff neck *Young children with meningitis may not be light sensitive
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Clinical Manifestations of
Bacterial Meningitis

* Young infants AT
+ Proceeded by URT] £ 88 2hw of:
* Irritability o et
* Somnolence (s
* Fever

* bulging fontanelle and diastasis of sutures in the infant.

Note ' Adericr ﬂonﬁanelle closes blw Z-1Y urs
(9-18 mihs)

Clinical Manifestations of
Bacterial Meningitis

* QOlder Children:

* Increased intracranial pressure is the rule:

* Vomiting, irritability, anorexia, headache, confusion, photophobia and
nuchal rigidity

* Nuchalrigidity, positive Kernig and Brudzinski signs “J

AR
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Physical Examination

Brudzinski's Sign

* APositive Brudzinski's sign occurs when flexion of

the Neck causes involuntary flexion of the Knee and
Hip Joints,

andl extend the gapau
knee Sy

B 0B 9 (Lo 5o s &
Ole Eoen Wy BNy Les s
R he=>

'Y

Seizures in Bacterial Meningitis

* 20% of patients have seizures prior to admission

* 32% of patients have seizures prior to or during 1st 48 hours of
hospitalization

* Early, generalized or multifocal seizures of short duration and
minimal frequency are related to “toxic encephalopathy” — chemical cavkes/
associated with bacterial toxins, hypoperfusion and metabolic = chanae
derangements; EEG usually not helpful. Usually controlled easily
and have no prognostic implications
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Seizures in Bacterial Meningitis

* Seizures which are difficult to control, which persist beyond the 3rd hospital
day or which develop initially after the 3rd hospital day may be associated
with permanent sequelae.

* Persistent focal seizures or recurrent seizures of varying focality imply: S tructual
* + venousor arterial thrombosis Damage %
* « infarction
* * subdural effusion. or empyema

Clinical Manifestations of
Bacterial Meningitis

* Papilledema is an uncommon finding in acute meningitis.

* When papilledema is observed:
* venous sinus occlusion Pqpflleclemq D

: Zub'durta)lempyema \_Sé\»w 5 Qno\osccp@\\‘ 2 5o
rain abscess sharp maGins o bé\a Lo & op¥e disc i

£ln af)kc neurikis WP““Qde)‘V\o\ gg—\b(" b\u((’eA \é\g s, on
papilledema is bilakeral ‘\>§I; meningﬂfdu‘s Mo

L ‘g presenJr — LPis

’HP a illeofema
pep Caa}rairp{-'calﬂ%
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EVALUATION

aWe commre bl
* Hx the sgar in he pleed]
. . ad " the swgar
* Physical examination S e = -

| n the CSF 8B o
* Investigation — Mc\?;fmg::lml‘ £ Ao AW 0w 3 CSF 3L Ll V)
. ) / Alvcese \ - :

i CBC, KEF, ELECTROLYTES =52 S
P )\ * CRP,ESR (Accte phase ceackants)
— * Blood Culture. - 2, bacteremia

* Lumber puncture and CSF analysis

* Imaging study (brain n

*The Gﬂl_tj wae) ) d}a%ﬂose mefﬁv‘lg\ks
s via LP and CsF aﬂc\l_l—)S;S

CsE Q"\Q\ﬂs'\s (3 h;\oes) Q"ld 1 ™Mere
L5 0e tobe apes to the micrebicleay \ab e aqram stain and co Hore
é%oﬂe tbe aees to the hemalology lob Re wBc and differenbial / ®ec
>One tube Yo the Chemes\g lab L protein  andl oglodess,

vicuse s ke entervicoses PCR N, 3 ayhy T B T S o Y
N |- =g > e >

or herpes - ==
Lumbar Puncture or Spinal Tap

Figure 5. Spinal tap procedure.

V¢

Scanned by CamScanner



W IMPORTANT

Suspicion for bactenal menngitis
iy Ve
» At QAL | ,.Jff € Qcal seizure /Alaxic
¢ s am o \s\| Immunocompromised, papilledema, or selected focal neurologic deficits;
Jash SR lustory of selected CNS diseases = €x. pt w/ VP shunt
LP ,
4 v S
Blood cultures and lumbar Blood cultures STAT
puncture STAT |
| #+ Dexamethasone® + empiric
antimicrobial therapy®
+ Dexamethasone® + |
empinc antnucrobial
therapy® Negative CT scan of the head
: |
el ﬁn dmg&_s d}\: . ——  Perform lumbar puncture
bacterial meningitis
Vo [¥es)
Continue therapy
IDSA Guidelines Clin Infect Dis 2004

—> A peor Pragﬂosl-?c Q{Aor in meningiks s Ae(ajed ankibrefic
aa{mmis"(o}'wov‘)
\;)n*—;\ OS W S Abx O\ \L'—;-:\ W 1S & ollc

Neuroimaging(CT brain)

* Indications for imaging before LP in children with suspected
bacterial meningitis include
* Coma
* Papilledema
* Focal neurologic deficit
* The presence of a CSF shunt
* History of hydrocephalus
* Recent history of CNS trauma or neurosurgery

Yo
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Contraindication for LP

* Suspected brain abscess or subdural empyema (20% herniation)
* Bleeding disorders

* Skininfection at site of LP

* Papilledema? (1-6% herniation after LP)

26! lnherprehh‘un of CSF is mportant

WBC N\ o CSF 8L ad, AL Db o«
Cell count, differential and chemistry

Normal Normal Bacterial Viral meningitis TB/fungal

newborn children menlngitis meningitls
WBC (mm?) 0-30 0-6.n >3months | >1000 100-500 100-500

0-9 in 1-3 months

PMN (%) 2-3 0 >50* <40 <50
Protein (mg/dl) 20-150 15-45 >100 50-100 100-1000
Glucose (mg/dl) | 30-120 40-80 <30 normal low-normal
CSF/blood 40-250 60-90 <40 (<60 for normal low-normal
glucose(%) term Infant)

* 304 of bacterial meningitis presents with lymphocyte predominance.

1

e ——— s e 4
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Interpretation of CSF

* WBC:
* WBC >6 cells is abnormal(>3 months)
* WBC >9 cells is abnormal(1-3 months)

Interpretation of CSF

* The presence of a single neutrophil in the CSF is considered abnormal (except in
newborns) -

* Glucose: <40 mg/dL or ratio of the CSF to blood glucose concentration is usually

MEPESSEL. (=0.66) 2 1P (ako of CSF te blosd oucose is < 0-5 (5070
fis indicakes baclerial meningitis

+ Traumatic LP: should be treated presumptively for meningitis pending results of
CSF culture.

—why s Wttt i backerial men(ﬂgihs, CSF glucese
s dePresseol (low) 7 '
due to a hansport problem (not @ns“mpygrb

Y
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Gram's stain — N XA s

Positive in 60-90% of untreated patients

Positive in 979 of cases with 0rganisms > 108 CFU/m!

Positive in Pneumococcus > M. inflyenzae »

N. meningitidis >gram-neq bacilli >
Listeria

90 % pneumococcal M + 80% meningococcal M + 50% G- bacillary M ,30% listeria M

The yield is lower by 20% in those with prior antibiotic therapy.

As sensitive ag (or better than) antigen detection test,

Bacterial cultyre

* Prompt culture to avoid loss of organisms such as Neisseriq
meningitides

* CSF cultures are positive in 85% of untreated patients

YA
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Latex agglutination — v i ar anbigen -entbecy

reachkon

* Not better than gram’s stain
* High false-positive.

* Maybe most useful in pretreated patients — o a5l \gaf. @V W g,
anhbie¥hcs

Neisseria meningitidi

[
Gram —Ye coccl _ . .

V4

/d
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Streptococcus pneumoniae

Geam e diplococci

R e

.....

Listeria monocytogenes
Geam e lacill

2]

i

R R
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Bacterial Meningitis
Normal Child Greater than One Month Old

Expected Organisms:

Streptococcus pneumoniae (™! common)

Neisseria meningitidis
Haemophilus influenzae type b

Empiric therapy*:

to cover s}‘(eP Preumoﬂ\.q

- 3%d geneation cephalospering
B ; e assuming i\ s resistant to An

Ceftriaxone or Cefotaxime + Vancomycin

(Amp|C|II|n+Gentam|cm fornewborns)Lﬂﬂ case 4 (esistarce
"',r E. coli ) we 6‘”’6 Vancom5clﬂ

picillin

Ampicillin N LA_:. \24.“ 2 o stcep Dﬁeummql\ (S alo'y ke
tb‘gsxt:g_‘_\,b) QS)U\QQSD\bJU- Abx \3}251.\ b & o o

Management of Pneumococcal Meningitis

Repeat lumbar puncture

* No improvement after 36-48 h E
e . . »fenetahon ©
* penicillin resistant strep pneumoniae meningitis PRSP cancomycin to the

¢ (Isolate with MIC > 2 to cefotaxime/ceftriaxone) par il very @po
.;:."3&-3% Aol S%(eP.Pnajm{q)\ L) &

Follow-up for sequelae (25-30%) e — gspecially strep
* Hearingtest (mest common C"""P\'C"‘*‘“"g’ép""e""”ﬂ""s3 ez =t

* Neurodevelopmental evaluation

Y\
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Dexamethasone for Bacterial Meningitis

* Dexamethasone may be beneficial for treatment of
infants and children:

** with Hib meningitis: :
* todiminish the risk of neurologic sequelae including hearing loss

* if given before Or concurrently with the first dose of antimicrobial
agent(s)

* There probably is no benefit if dexamethasone is given more than 1
our after antimicrobial agent(s).

* Red Book

* Steceids  aren't (oanelg gver -
S Howeue/ iP Hib s w;pec}eo{ we o[u 5u/g 4

e ——

" Lin.n L (= o
A ‘j‘hr’\'-f_‘l’; lower s ‘/rvnrr.wu))(""‘ Pe/%(—j{“far‘{')(‘ to tne CSf

even m( '“](‘ r @

Management of Pneumococcal Meningitis

* Initial regimen for children > 1 mo with possible bacterial meningitis
regardless of pneumococcal vaccination:

Vancomycin 60 mg/kg/day JUREETCRNA -\ = 0
+ colbore B A= A, s

ceftriaxorle 100 mg/kg/day W\ adjoshment s
(or cefotaxime 300 mg/kg/day) b
sensihve W0\ Woas

* Dexamethasong is controversial “comugin )\ Jis 5 W celriaxone \_)X
* Treatment duration is 10-14 days cefiriaxone 3\ S resishant 3)

V44 2 vancawg—dﬂ.\\ @‘-2* 5

Yy
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Duration of treatment Bacterial Meningitis

Depended on causative organism and the clinical course:

e Vs mosk commen

* S. pneumoniae: 10-14 days — \SJ\"C\ oo gam = 1=5
* N. meningitidis: 5-7 days i

* Hib: 7-10 days
A = L. monocytogenes — 14 to 21 days e G Aoyl
* S. aureus - at least 2 weeks bt o0 ST
+e Gram -ve: 3 weeks

e W Ll g g AR o cad Rl s Ll G B o)

— Causes of Prolonged or Recurrent Fever in children with Bacterial
Meningitis
4+ The baclteria ma be @esiskant
* Inadequate Treatment w{:ﬂg e o anfibickc
* Nosocomial Infection ¢ wiodg dose

* Phlebitis

* Immune mediated arthritis

. Dl’Ug Fever ((0(83 4 Presence o(? 5 2° ;nﬁ , &R Saskoeﬂk?fnln@
* Unknown —Thrombophlebitis = IV line o X,

+ * Suppurative complication: Pericarditis, Pneumonia, Pyggenic
arthritis, Subdural empyema i S

* Discontinuation of Dexametahsone

e
S Ly -

Yy
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Indications for Repeat Lumbar Puncture \\

* Patient not responding clinically after 48 h of appropriate therapy. )

* Pneumococcal isolate resistant (MIC >2 pg/ml) to
cefotaxime/ceftriaxone

* Neonate with Gram-negative meningitis

—_—

Indications for Neuroimaging of Head in Bacterial
meningitis

* Persistent focal neurologic findings

* Persistently positive CSF cultures des
* Persistent elevation in CSF PMN % a
* Recurrent meningitis

pite appropriate therapy
fter >10 days of thera py

Y¢
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Neuroimaging

* Cerebral edema

» Transient ventricular dilatation/hydrocephalus
* Ventriculitis

* Subdural effusion/fempyema

* Cerebral infarct

* Brain abscess

* Venous sinus thrombosis

* Hemorrhagic stroke

* Spinal cord infarction

Poor prognostic factors:

» 22 days of symptoms before admission. (delagecl  Abx adminisheaion)
* Etiology: Bacterial, especialy pneumococcal. (step prevmonia)

* The number of organisms.

* CSF sugar < 20 mg/ dl at admission.

* Delayed sterilization of CSF : > 24 hours

* Coma

* Seizure after 72 hrs of admission, prolonged, or difficult to control

* Malnutrition

* Focal neurologic deficits

* SIADH
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Meningitis

* mental retardation
. Ianguage delay
* leaming disorders

. behaviordisorders ex. ADHD
* delayed or abnor
* hemiparesis

ne hearing handicap
* ataxia
* seizure disorder
* blindness
* hydrocephalys

* Hypothalamic dysfunction

mal motor development

R

Neurologic Sequelae of Bacterial

4

* Heaf;ns loss s
{—h@ mos b Corwvmon)]
and s ‘rleversible

recavse ” ‘S

Sensory-nevren

* Unilateral or bilateral loss
* 5. pneumoniae 30%

* H. influenzae type b 6-15%
* N. meningitidis 5-10%

* Hearing loss appears to occur early (

Sensorineural Hearing Loss in
Bacterial Meningitis

* Ataxia commonly associated with deafness

present at or near admission)

it e YT
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PREVENTION

* Vaccines (primary prevention).

* Isolation: Qe 1 day [om the begining of Wk
« standard precautions + droplet precautions for 24 hours into treatment >0
ule L Tad Abx g B b R
* Chemoprophylaxis:
» Rifampicin to contacts of patients with meningococcal and Hib

» Patient Education.

Prognosis

* Mortality: 5%in developed countries and 8 %in developing
countries.

® Neurological sequele:15 % to 25 %
® Deafness:11%
® Mental retardation :4 %
e Spasticity andjor paresis: 4 %
® Seizures: 4%

Yy
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Encephalitis in Children

Marwan Shalabi, MD

8/28/2019

55

Definition of Encephalitis in Children

* Acute CNS dysfuncti
brain inflammation.
* CNS dysfunction:
* Seizures
* Focal neurologic findings
* Alteration in mental status.

onwith radiographic or laboratory evidence of

* Encephq\fl-'@ s usuo\\:ﬁ \iii\

Herpes vifus P:\MTB —)mos“_tj ‘BPe 1 \
_—
Entere vicus gmﬂ_g

8/28/2019 56

YA

Lb Arbo vius Q’"”_Lj

. oVvI(US,
F H. most common 1S Enterowvi
¥ From H«ese ) e t

e

rr’
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How do they get there?
P Arthipod  boume — SN B pus s

* Arboviruses: bloodstream infection=»enter the CNS via endothelial
cell infection

* HSV, rabies, and possibly poliovirus: retrograde transport in
neurons.

* Amoeba Naegleria fowleri: through the olfactory mucosa.
Tyt

[EER A= 3 5+ g SR

8/2B/1019 57

Where do they stay there?

— bloccl_g LP
* HSV : temporal lobe (herpes could cause high RBC in CSF)

* Rabies : pons, medulla, cerebellum, and hippocampus

* Japanese encephalitis virus: brainstem and basal ganglia.

8/28f2029

(1]

Y9
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Acute Vipq| Encephalitis |

* childl’en elderl & the; " I
el most common
affecteq’ Y MMmunocompromised y

* More than 100 different viryses can cause encephalitis
*Inthey

SA, the most frequently reported causes are:
. Enteroviruses

* HSVi1ang HSV2
. Ar_thropod-bgrne viruses (Arbo Viruses)

€ Majority of cases have an unknown cause, (idliopathic)

Blaﬂlmng

— 59

Virus

Treatment A
Manqgem@'\)r \S
Herpes simplex & 100m d ‘
Virimes § molex s 9/kg dose v every 8 hours x 14 mai"l\ﬂ suf)po("\\/e
Higher doses for neonat

al encephalitis (20 m
dose Iv every 8 hours fo i

r 21 days)
Oral acyclovir, farnciclovir, valacyclovir for
meningitis associated with Primary genita| herpes
simplex virus
Varicella-zoster virus Acyclovir 20 mg/kg dose v every 8 hours
7Famciclovir, valacyclovir
Cytomegalovirus

Ganciclovir Antiviral Agents
Foscarnet 1

Epstein-Barr virus Acyclovir (limited effectiveness) for V“Fa| CNS

Enterovirus

Pleconaril (compassionate release only)

IV immunoglobulin (for hyp
patients and neonates with

? Ribavirin

Diseases
©gammaglobulinemic

sepsis syndrome)
La Crosse virus

Measles virus
West Nile virus

Ribavirin

Under study: Iv immunoglobulin with high titer
to West Nile virus, interferon, antisense nucleotides
N = iglepenous.

6o
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Thank you

-k.\(:fr:\ ©

L. & Thank you

s @Y Sl da %

[Sus=picion for bacterial meningitis ]

v

Ensure adequate oxygenation. wventilation and circulaton
acceass and initiate cardiorespiratory monitoring

Obtaln venous
while obtaining laboratory studies

v

Obtain STAT:
Blood cultures (two sets)

CBC with differential and platelet count
PT, PTT (particularly in patiants with petechise or purpurs)

Serum slectrolytes. BUN, creatinine. glucosa

¥

Doss patient have: immune deficiency, papilledema.

focal neurclogic deficit (excluding palsy
cranial nerve VI [abducans] or VII [facial]). CSF shunt.

hydrocephalus. CNS trauma, history of neurasurgery or

space-occupying lesion?

&

Obtain CSF cell count. glucose,
protein, Gram stan,. and culture
STAT=

v

A o h (0.135 mo/kg).
if indicated”, and first dose of empiric
antimicrobial therapy®:
vancamycin (153 mo/kg IV). plus
Cafotaxima (100 mg/kyg IV) or
Ceftriaxona (SO mg/kg IV)

Treat hypoglycemia, acidosis, and
coagulopathy If present

Keep the head of the bed slavated

at 15 to 20 degreas

Continue antibiotic tharapy ¢ Ichuin CSF cell count, glucose,
protein, Gram stain, and ocull

pending CSF results

=

Administer dexamaethasone (0.13 mg/kg).
if iIndicated®. and first dose of empiric
antimicrobial therapy8:
Vancomycin (15 mg/kg IV). plus
Ceafotaxime (100 mg/kg IV) or
xone (30 mg/kg IV)

Treat hypoglycemia. ackdosis, and
coagulopathy If presant

Keep the head of the bed slavated
at 15 to 20 degrees

¥

I

Obtain computed tomography of the head
Findings negative?
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