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CASE PRESENTATIONCASE PRESENTATION

•• 18 month old AAM brought by parents due 18 month old AAM brought by parents due 
to:to:
–– Fever of 4 days durationFever of 4 days duration
–– Irritability of 2 days duration, worseningIrritability of 2 days duration, worsening
–– Associated with:Associated with:

•• AnorexiaAnorexia
•• Nausea Nausea 
•• VomitingVomiting
•• DiarrheaDiarrhea

PHYSICAL EXAMINATIONPHYSICAL EXAMINATION

•• Male child, lying quietly on the cart, Male child, lying quietly on the cart, 
appears lethargicappears lethargic

•• Cries when disturbed, even when picked Cries when disturbed, even when picked 
up by the motherup by the mother

•• Temperature 39Temperature 3900CC
•• Pulse rate: 130/minPulse rate: 130/min
•• Pulse Pulse oximetryoximetry: 98%: 98%

PHYSICAL EXAMINATIONPHYSICAL EXAMINATION

•• Skin: hot, dry, no rashSkin: hot, dry, no rash
•• HEENT: HEENT: atraumaticatraumatic, slightly dry mucous , slightly dry mucous 

membranesmembranes
•• Neck: Neck: 

–– SuppleSupple
–– KernigKernig’’ss sign: negativesign: negative
–– BrudzinskiBrudzinski’’ss sign: questionably positivesign: questionably positive

PHYSICAL EXAMINATIONPHYSICAL EXAMINATION

•• KernigKernig’’ss sign: sign: 
–– pain on leg extension following flexion of the pain on leg extension following flexion of the 

hip to 90hip to 9000

–– 43% of patients with bacterial meningitis43% of patients with bacterial meningitis

•• BrudzinskiBrudzinski’’ss sign: sign: 
–– involuntary flexion of the hips and knees, involuntary flexion of the hips and knees, 

following passive flexion of the neckfollowing passive flexion of the neck
–– 66% of patients with bacterial meningitis66% of patients with bacterial meningitis

PHYSICAL EXAMINATIONPHYSICAL EXAMINATION

•• C/V: Rapid, Regular Rhythm without Murmur or C/V: Rapid, Regular Rhythm without Murmur or 
Extra SoundsExtra Sounds

•• Lungs: Clear to AuscultationLungs: Clear to Auscultation
•• Abdomen: Soft, NonAbdomen: Soft, Non--TenderTender
•• NeuroNeuro: : 

–– lethargic/irritablelethargic/irritable
–– moving all extremities normally when stimulatedmoving all extremities normally when stimulated
–– reflexes symmetricreflexes symmetric
–– cranial nerves intactcranial nerves intact
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What is the best approach in the What is the best approach in the 
ED?ED?

•• Stat labs to include CBC, Clinical Stat labs to include CBC, Clinical 
Chemistry, and Blood Cultures. Monitor Chemistry, and Blood Cultures. Monitor 
the child while awaiting results.the child while awaiting results.

•• Stat labs and Stat CT scan of the brain, Stat labs and Stat CT scan of the brain, 
followed by LP.followed by LP.

•• Stat LP, followed by administration of Stat LP, followed by administration of 
intravenous antibiotics.intravenous antibiotics.

•• Obtain blood specimens and administer Obtain blood specimens and administer 
intravenous antibiotics immediatelyintravenous antibiotics immediately

EPIDEMIOLOGYEPIDEMIOLOGY
NeonatalNeonatal

•• 0.6 0.6 –– 1.3 cases/1000 live births1.3 cases/1000 live births
•• EtiologyEtiology

–– Group B Group B StreptococcusStreptococcus
–– GramGram--Negative Enteric BacilliNegative Enteric Bacilli

•• Escherichia coli, Escherichia coli, KlebsiellaKlebsiella sppspp, , EnterobacterEnterobacter sppspp, Salmonella , Salmonella 
sppspp

–– ListeriaListeria monocytogenesmonocytogenes

•• Incidence essentially unchanged in the past 20 Incidence essentially unchanged in the past 20 
yearsyears

EPIDEMIOLOGYEPIDEMIOLOGY
Infant and ChildhoodInfant and Childhood

•• 1990: children between 2 months and 5 years of 1990: children between 2 months and 5 years of 
age accounted for age accounted for ¾¾ of all casesof all cases
–– 67% due to 67% due to HaemophilusHaemophilus influenzaeinfluenzae type btype b
–– 25% due to 25% due to Streptococcus Streptococcus pneumoniaepneumoniae
–– 10% due to 10% due to NeisseriaNeisseria meningitidismeningitidis

•• 2002: children 2 2002: children 2 mosmos –– 5 yrs are < 5 yrs are < ½½ of casesof cases
–– Streptococcus Streptococcus pneumoniaepneumoniae is the most common is the most common 

cause between 2 cause between 2 mosmos and 2 years of ageand 2 years of age
•• Decreasing after introduction of heptavalent vaccineDecreasing after introduction of heptavalent vaccine

–– NeisseriaNeisseria meningitidismeningitidis is the most common offender in is the most common offender in 
the 2 the 2 –– 18 year age group18 year age group

BacteriologyBacteriology
ImmunocompromisedImmunocompromised HostHost

•• Staphylococcus Staphylococcus sppspp
•• GramGram--Negative Enteric BacilliNegative Enteric Bacilli
•• Pseudomonas Pseudomonas aeruginosaaeruginosa

EPIDEMIOLOGYEPIDEMIOLOGY

•• Now predominantly a disease of Now predominantly a disease of 
adolescents and young adultsadolescents and young adults
–– College students living in dormitoriesCollege students living in dormitories
–– Military recruitsMilitary recruits

EPIDEMIOLOGYEPIDEMIOLOGY

•• Conjugate polysaccharide Conjugate polysaccharide HaemophilusHaemophilus
influenzaeinfluenzae type b vaccine introduced in type b vaccine introduced in 
19911991

•• Heptavalent Heptavalent pneumococcalpneumococcal conjugate conjugate 
vaccine introduced in 2000vaccine introduced in 2000
–– Covers 80% of invasive serotypesCovers 80% of invasive serotypes
–– Projected to prevent 12,000 cases/yearProjected to prevent 12,000 cases/year
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MENINGOCOCCAL VACCINESMENINGOCOCCAL VACCINES

•• 5 Major 5 Major SerogroupsSerogroups Cause DiseaseCause Disease
–– A, B, C, Y, WA, B, C, Y, W--135135

•• Polysaccharide vaccines effective for Polysaccharide vaccines effective for 
groups A, C, Y, Wgroups A, C, Y, W--135 in older children & 135 in older children & 
adultsadults

•• Poor response in young childrenPoor response in young children
•• No vaccines of No vaccines of serogroupserogroup BB

MENINGOCOCCAL VACCINESMENINGOCOCCAL VACCINES

•• Conjugation of polysaccharide vaccine to a Conjugation of polysaccharide vaccine to a 
protein carrier increases efficacy in infants protein carrier increases efficacy in infants 
and young childrenand young children

•• Conjugate Conjugate serogroupserogroup C vaccine in use in C vaccine in use in 
UK since 1999: very effective in young UK since 1999: very effective in young 
childrenchildren

•• Conjugate vaccine for A, C, Y & WConjugate vaccine for A, C, Y & W--135 135 
under developmentunder development

MENINGOCOCCAL VACCINESMENINGOCOCCAL VACCINES

•• Use for 1Use for 1stst Year College Students Year College Students 
Controversial in the PastControversial in the Past
–– No cost savingsNo cost savings

•• Low # of casesLow # of cases
•• High cost of vaccinationHigh cost of vaccination

–– From individual perspective, may be From individual perspective, may be 
worthwhileworthwhile

MENINGOCOCCAL VACCINESMENINGOCOCCAL VACCINES
2005 AAP Recommendations2005 AAP Recommendations

•• Administer MCV4 to Administer MCV4 to 
–– 1111--12 year olds, especially if at increased risk12 year olds, especially if at increased risk
–– Students entering high school or at age 15Students entering high school or at age 15
–– College freshmen who will be living in College freshmen who will be living in 

dormitoriesdormitories

PATHOPHYSIOLOGYPATHOPHYSIOLOGY

•• HematogenousHematogenous spread spread 
–– blood to blood to subarachnoidsubarachnoid spacespace

•• Mechanical disruptionMechanical disruption
–– Fracture of the base of the skullFracture of the base of the skull
–– Direct extension from ear, mastoid air cells, Direct extension from ear, mastoid air cells, 

sinuses, orbit or other adjacent structuresinuses, orbit or other adjacent structure

PATHOPHYSIOLOGYPATHOPHYSIOLOGY

•• Pathologic changes of meningitisPathologic changes of meningitis
–– Directly due to infectionDirectly due to infection
–– Indirectly due to infection via the response of Indirectly due to infection via the response of 

the immune system to infectionthe immune system to infection
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PRESENTATIONPRESENTATION

•• Classic SignsClassic Signs
–– HeadacheHeadache
–– PhotophobiaPhotophobia
–– Stiff neckStiff neck
–– Change in mental statusChange in mental status
–– Bulging Bulging fontanellefontanelle
–– NauseaNausea
–– VomitingVomiting

PRESENTATIONPRESENTATION

•• Signs of Signs of MeningealMeningeal IrritationIrritation
–– BrudzinskiBrudzinski Sign: when the inflamed Sign: when the inflamed meningesmeninges are are 

stretched with neck flexion, the hips and knees stretched with neck flexion, the hips and knees 
involuntarily flex.involuntarily flex.

–– KernigKernig Sign: when the hip is flexed to 90Sign: when the hip is flexed to 9000 , examiner , examiner 
is unable to passively extend the leg fully.is unable to passively extend the leg fully.

–– Children with Children with meningealmeningeal irritation often resist walking irritation often resist walking 
or being carriedor being carried

–– Absence does not rule out intracranial infectionAbsence does not rule out intracranial infection
–– Not useful in neonates and young infantsNot useful in neonates and young infants

Symptoms of Bacterial MeningitisSymptoms of Bacterial Meningitis
RothrockRothrock

23%23%22%22%SeizureSeizure
46%46%55%55%URI symptomsURI symptoms
54%54%71%71%Vomiting Vomiting 

95%95%87%87%Lethargy orLethargy or
IrritabilityIrritability

95%95%99%99%FeverFever

2.9 days2.9 days4.6 days4.6 daysMean Duration Mean Duration 
of Symptomsof Symptoms

Pretreated Pretreated 
(83)(83)

Untreated Untreated 
(175)(175)

Clinical Clinical 
FeatureFeature

Signs of Bacterial MeningitisSigns of Bacterial Meningitis

2020--100%100%Vomiting Vomiting 
1818--40%40%Bulging Bulging 

FontanelleFontanelle

1818--40%40%IrritabilityIrritability
1717--95%95%LethargyLethargy
8282--96%96%FeverFever

Signs of Bacterial MeningitisSigns of Bacterial Meningitis

55--6%6%Focal Focal NeuroNeuro
44--23%23%SeizureSeizure

5353--78%78%Altered Mental Altered Mental 
StatusStatus

Signs of Bacterial MeningitisSigns of Bacterial Meningitis

1010--83%83%BrudzinskiBrudzinski’’ss
2626--93%93%>> 1 1 MeningealMeningeal

00--36%36%KernigKernig’’ss SignSign
2727--95%95%NuchalNuchal RigidityRigidity

All signs less common in neonates except fontanelle



BACTERIAL MENINGITIS Changing Spectrum of Disease
Gary R. Strange, MD, MA, FACEP

5

PRESENTATIONPRESENTATION
Neonates and Young InfantsNeonates and Young Infants

•• Less obvious signs and symptomsLess obvious signs and symptoms
•• Poor FeedingPoor Feeding
•• IrritabilityIrritability
•• InconsolabilityInconsolability
•• ListlessnessListlessness

PRESENTATIONPRESENTATION
Course of DiseaseCourse of Disease

•• Insidious (90%)Insidious (90%)
–– High likelihood of early presentation with nonHigh likelihood of early presentation with non--

specific illnessspecific illness
–– Typical of Typical of pneumococcalpneumococcal illnessillness

•• FulminantFulminant (10%)(10%)
–– Typical of meningococcal illnessTypical of meningococcal illness
–– May progress rapidly to May progress rapidly to petechiaepetechiae, , purpurapurpura

fulminansfulminans, cardiovascular collapse, cardiovascular collapse

DIFFERENTIAL DIAGNOSISDIFFERENTIAL DIAGNOSIS
Early Stage of DiseaseEarly Stage of Disease

•• GastroenteritisGastroenteritis
•• Upper respiratory infectionUpper respiratory infection
•• PneumoniaPneumonia
•• OtitisOtitis mediamedia
•• Viral syndromeViral syndrome

DIFFERENTIAL DIAGNOSISDIFFERENTIAL DIAGNOSIS
Later Stage of DiseaseLater Stage of Disease
•• EncephalitisEncephalitis
•• Subarachnoid/SubduralSubarachnoid/Subdural HemorrhageHemorrhage

•• Traumatic (Abuse or Unintentional)Traumatic (Abuse or Unintentional)
•• SpontaneousSpontaneous

•• Cerebral AbscessCerebral Abscess
•• ReyeReye’’s Syndromes Syndrome
•• Toxic IngestionsToxic Ingestions
•• Seizure DisordersSeizure Disorders
•• DKA or other altered metabolic statesDKA or other altered metabolic states
•• HypothyroidismHypothyroidism
•• IntussusceptionIntussusception

MANAGEMENTMANAGEMENT
Unstable PatientsUnstable Patients

•• Always assure stability of vital functions before Always assure stability of vital functions before 
attempting diagnostic proceduresattempting diagnostic procedures

•• Withhold lumbar puncture until after stabilization Withhold lumbar puncture until after stabilization 
and antibiotic administrationand antibiotic administration

•• Shock: rapid intravenous or Shock: rapid intravenous or intraosseousintraosseous
infusion of crystalloid solution in 20 infusion of crystalloid solution in 20 mLmL/kg /kg 
aliquots until stablealiquots until stable

•• Limit fluids to maintenance rate after stabilizedLimit fluids to maintenance rate after stabilized
–– Fluid overload can lead to worsening of cerebral Fluid overload can lead to worsening of cerebral 

edemaedema

MANAGEMENTMANAGEMENT
Increased Intracranial PressureIncreased Intracranial Pressure

•• Recognition: worsening mental status, Recognition: worsening mental status, 
papilledemapapilledema, bulging , bulging fontanellefontanelle, widening , widening 
of suturesof sutures

•• TreatmentTreatment
–– Elevate head of bed to 30Elevate head of bed to 3000

–– Controlled ventilation to keep PCOControlled ventilation to keep PCO2 2 between between 
30 and 35 mmHg30 and 35 mmHg

–– MannitolMannitol, 0.25 , 0.25 –– 1 g/kg1 g/kg
–– FurosemideFurosemide, 1 mg/kg, 1 mg/kg
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MANAGEMENT MANAGEMENT 
Stable PatientsStable Patients

•• Phlebotomy for diagnostic studiesPhlebotomy for diagnostic studies
–– Complete Blood CountComplete Blood Count
–– Serum ElectrolytesSerum Electrolytes
–– Blood GlucoseBlood Glucose
–– Renal FunctionsRenal Functions
–– Blood CultureBlood Culture

•• Lumbar Puncture for Cerebrospinal Fluid Lumbar Puncture for Cerebrospinal Fluid 
AnalysisAnalysis

CSF ANALYSISCSF ANALYSIS
Normal Values for an Infant/ChildNormal Values for an Infant/Child

•• Cell count: 0Cell count: 0--7 wbc/mm7 wbc/mm33 (0% (0% PMNsPMNs))
•• Glucose: 40Glucose: 40--80 mg/80 mg/dLdL ((>> 50% of Blood 50% of Blood 

Sugar)Sugar)
•• Protein: 5Protein: 5--40 mg/40 mg/dLdL

CSF ANALYSISCSF ANALYSIS
InterpretationInterpretation

•• Viral EtiologyViral Etiology
–– Low Low wbcwbc countcount
–– Predominantly mononuclear cell typePredominantly mononuclear cell type
–– Normal glucoseNormal glucose
–– Normal proteinNormal protein

•• Bacterial EtiologyBacterial Etiology
–– Elevated Elevated wbcwbc countcount
–– Predominantly Predominantly polymorphonuclearpolymorphonuclear leukocytesleukocytes
–– Low glucoseLow glucose
–– High proteinHigh protein

INITIAL ANTIBIOTIC TREATMENTINITIAL ANTIBIOTIC TREATMENT
NeonatesNeonates

•• AmpicillinAmpicillin, 100 mg/kg, 100 mg/kg
ANDAND

•• AminoglycosideAminoglycoside
–– GentamicinGentamicin, 2.5 mg/kg, 2.5 mg/kg

•• Cephalosporin active against gram Cephalosporin active against gram 
negative bacilli may be used instead of an negative bacilli may be used instead of an 
aminoglycosideaminoglycoside
–– CefotaximeCefotaxime, 50 mg/kg, 50 mg/kg

INITIAL ANTIBIOTIC TREATMENTINITIAL ANTIBIOTIC TREATMENT
Infants and ChildrenInfants and Children

•• CephalosporinCephalosporin
–– CeftriaxoneCeftriaxone, 100 mg/kg , 100 mg/kg 

OROR
–– CefotaximeCefotaxime, 50 mg/kg, 50 mg/kg

•• If unavailable:If unavailable:
–– Amoxicillin, 100 mg/kg Amoxicillin, 100 mg/kg 

ANDAND
–– ChloramphenicolChloramphenicol, 25 mg/kg, 25 mg/kg

INITIAL ANTIBIOTIC TREATMENTINITIAL ANTIBIOTIC TREATMENT
ADULTSADULTS

•• CephalosporinCephalosporin
–– CeftriaxoneCeftriaxone, 2 grams IV, 2 grams IV

OROR
–– CefotaximeCefotaxime, 2 grams IV, 2 grams IV
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INITIAL ANTIBIOTIC TREATMENTINITIAL ANTIBIOTIC TREATMENT
Known or Suspected Known or Suspected PneumococcalPneumococcal
InfectionInfection
•• Penicillin and cephalosporin resistance is Penicillin and cephalosporin resistance is 

possiblepossible
•• VancomycinVancomycin is the only antibiotic to which is the only antibiotic to which 

all strains of all strains of pneumococcipneumococci are susceptibleare susceptible
–– Add Add VancomycinVancomycin, 15 mg/kg, 15 mg/kg

CORTICOSTEROID TREATMENTCORTICOSTEROID TREATMENT

•• DexamethasoneDexamethasone, 0.15 mg/kg IV , 0.15 mg/kg IV 
administered prior to or along with the administered prior to or along with the 
initial antibiotics has been shown to initial antibiotics has been shown to 
decrease ICP, cerebral edema & CSF decrease ICP, cerebral edema & CSF 
lactate.lactate.

•• Significantly decreases Significantly decreases neurologicneurologic
sequelaesequelae, including deafness, including deafness

SEQUELAESEQUELAE

•• Mortality: 20Mortality: 20--40%40%
•• LongLong--Term Term SequelaeSequelae: 20%: 20%

SUMMARYSUMMARY

•• Vaccinations for Vaccinations for H flu H flu & & PneumococcusPneumococcus are are 
highly effectivehighly effective

•• Bacterial meningitis is now predominantly Bacterial meningitis is now predominantly 
a disease of adolescents and young adultsa disease of adolescents and young adults

•• Development of an effective Development of an effective 
meningococcal vaccine has proved more meningococcal vaccine has proved more 
challengingchallenging

SUMMARYSUMMARY

•• Classic signs & symptoms are often Classic signs & symptoms are often 
missing, even in older childrenmissing, even in older children

•• Paradoxical irritation may be seenParadoxical irritation may be seen
•• Initiate antibiotics before diagnostic workInitiate antibiotics before diagnostic work--

up in toxicup in toxic--appearing patientsappearing patients
•• CT scan before LP needed only if you CT scan before LP needed only if you 

suspect a mass lesionsuspect a mass lesion

SUMMARYSUMMARY

•• Empiric Antibiotics for NeonatesEmpiric Antibiotics for Neonates
–– AmpicillinAmpicillin & & AminoglycosideAminoglycoside

OROR
–– AmpicillinAmpicillin & & CefotaximeCefotaxime

•• Empiric Antibiotics for Infants/Children/AdultsEmpiric Antibiotics for Infants/Children/Adults
–– CeftriaxoneCeftriaxone & & VancomycinVancomycin

•• Corticosteroid TreatmentCorticosteroid Treatment
–– DexamethasoneDexamethasone prior to or along with the initial prior to or along with the initial 

antibioticsantibiotics


