
Pediatric meningitis is a diagnosis feared by parents and
practitioners. Although vaccination practices have decreased the
incidence of meningitis, it remains a significant cause of pedi-
atric morbidity and mortality. The decreasing occurrence of
meningitis has resulted in less familiarity with the disease
process and a need for height-
ened awareness, especially in
unvaccinated and immunocom-
promised children. Maintaining
a high index of clinical suspi-
cion, completing a focused his-
torical and physical assess-
ment, rapidly completing diag-
nostic modalities, and timely
institution of definitive therapy
can reduce the mortality rate
and rate of significant disabili-
ty. Meningitis continues to be a leading cause of malpractice liti-
gation, and emergency department (ED) physicians need to
review carefully the possible pitfalls presented in this article and
utilize them as a method to reduce risk in their practice. 

—The Editor

Definition of the Problem 
Meningitis results in significant morbidity and mortality

among children each year. It has been estimated that bacterial
meningitis strikes 1.3-10 cases/100,000 population/year.1,2

There were an estimated 2800 pediatric cases of bacterial
meningitis in the United States in 1995,3 and there are an esti-
mated 75,000 cases of enteroviral meningitis annually in the
United States.4 Bacterial meningitis carries a 5-40% mortality
rate5-8 and a 25-58% rate of significant disability.9-11

Epidemiology
The incidence of bacterial

meningitis has changed dramat-
ically since the widespread use
of Haemophilus influenzae type
B (HiB) vaccine. During a peri-
od of approximately 10 years,
the incidence of bacterial
meningitis in children younger
than 5 years decreased by 87%,
primarily due to a 94% reduc-

tion in H. influenzae (type B) infections.12 During the same peri-
od, a slight increase in Streptococcus pneumoniae meningitis
was seen (4%), and decreases were seen in meningitis caused by
Neisseria meningitidis (33%), group B streptococci, (25%), and
Listeria monocytogenes (5%). In the past, most bacterial menin-
gitis occured in children younger than age 5,13 but the median
age of meningitis is now 25 years.14 Invasive meningococcal dis-
ease primarily affects children younger than age 4 (approximate-
ly 8 cases/100,000/year), although clusters occur in adolescents
and young adults, primarily caused by serotype C.15,16

Now available online at www.ahcpub.com/online.html or call (800) 688-2421 for more information.

Volume 7, Number 12 December 2002

The Current Status of Pediatric Meningitis

Author: Catherine A. Marco, MD, FACEP, Attending Physician, St.

Vincent Mercy Medical Center, Toledo, Ohio; Associate Professor,

Medical College of Ohio, Toledo.

Peer Reviewer: Ronald M. Perkin, MD, MA, Professor and Chairman,

Department of Pediatrics, The Brody School of Medicine, East Car-

olina University, Greenville, NC.

EDITOR IN CHIEF
Ann Dietrich, MD, FAAP, FACEP
Associate Clinical Professor, Ohio State

University; Attending, Columbus 
Children’s Hospital; Associate Pediatric
Medical Director, MedFlight

EDITOR EMERITUS
Larry B. Mellick, MD, MS, FAAP,

FACEP
Professor and Chair
Department of Emergency Medicine
Director of Pediatric Emergency Medicine
Medical College of Georgia
Augusta, Georgia

EDITORIAL BOARD
Michael Altieri, MD
Chief, Pediatric Emergency Medicine
Fairfax Hospital
Pediatric Residency Director
University of Virginia/

Fairfax Hospital for Children
Falls Church, Virginia

Robert A. Felter, MD, FAAP
Medical Director
Tod Children’s Hospital
Chairman, Department of Pediatric 

and Adolescent Medicine
Western Reserve Care System
Youngstown, Ohio

George L. Foltin, MD, FAAP, FACEP
Director, Pediatric Emergency Medicine
Bellevue Hospital Center/New York 

University Medical Center
New York, New York

Michael Gerardi, MD, FAAP, FACEP
Clinical Assistant Professor of Medicine,

New Jersey Medical School
Vice-Chairman, Department of Emergency

Medicine, Morristown Memorial Hospital,
Director, Pediatric Emergency Medicine,

Children’s Medical Center and the
Atlantic Health System

Morristown, New Jersey

Jane F. Knapp, MD
Professor of Pediatrics
Children’s Mercy Hospital
University of Missouri-Kansas City School

of Medicine
Kansas City, Missouri 

Steven Krug, MD
Associate Professor of Pediatrics
Northwestern University School of Medicine
Director, Pediatric Emergency Medicine
Children’s Memorial Hospital
Chicago, Illinois

Ronald M. Perkin, MD, MA
Professor and Chairman
Department of Pediatrics
The Brody School of Medicine
East Carolina University
Greenville, North Carolina

Steven G. Rothrock, MD, FACEP, FAAP
Department of Emergency Medicine
Orlando Regional Medical Center &

Arnold Palmer’s Hospital for Women and
Children

Orlando, Florida
Clinical Assistant Professor, Division 

of Emergency Medicine
University of Florida College of Medicine
Gainesville, Florida

Alfred Sacchetti, MD, FACEP
Director of Research, Department of 

Emergency Medicine
Our Lady of Lourdes Hospital
Camden, New Jersey

John P. Santamaria, MD, FAAP, FACEP
Medical Director, After Hours Pediatrics
Associate Clinical Professor of Pediatrics
University of South Florida School

of Medicine
Tampa, Florida

Robert Schafermeyer, MD
Associate Chairman, Department of 

Emergency Medicine
Carolinas Medical Center
Charlotte, North Carolina

Jonathan I. Singer, MD
Professor of Emergency Medicine, Pediatrics
Wright State University School of Medicine
Vice Chair and Program Director,

Department of Emergency Medicine
Dayton, Ohio

Brian S. Skrainka, MD, FAAP, FACEP
Medical Director, Pediatric Emergency

Department
St. Vincent Hospital
Indianapolis, IN

Milton Tenenbein, MD, FRCPC, FAAP,
FAACT

Professor of Pediatrics and Pharmacology
University of Manitoba
Winnipeg, Manitoba

Joseph A. Weinberg, MD
Director of Emergency Services
Le Bonheur Children’s Medical Center
Memphis, Tennessee

Steven M. Winograd, MD, FACEP
Attending Physician, Department of

Emergency Medicine 
Jeannette District Memorial Hospital
Jeannette, PA
St. Clair Memorial Hospital,
University of Pittsburgh Medical Center
Pittsburgh, PA

SPECIAL CLINICAL PROJECTS AND
MEDICAL EDUCATION RESOURCES
Gideon Bosker, MD, FACEP
Director, Continuing Education Programs
Department of Emergency Medicine
Good Samaritan Hospital
Associate Clinical Professor 
Department of Emergency Medicine
Oregon Health Sciences Center
Portland, Oregon

© 2002 American Health Consultants 
All rights reserved 

Enclosed in this issue:  2002 Index,

CME test and Evaluation

Rapid Access
Card Enclosed



Among patients with meningitis following blunt head trauma,
S. pneumoniae is the most likely etiologic agent.17

Patients predisposed to bacterial meningitis include: males;
American Indians; African Americans; premature infants;
patients with sickle cell anemia, anatomic asplenia, HIV infec-
tion or other immunodeficiencies; those with nephrotic syn-
drome, renal failure, or neoplasms (especially hematologic);
malnourished patients; indigent urban dwellers; and immuno-
compromised patients. Other predisposing factors include neuro-
surgical procedures, recent lumbar puncture, or skull fracture.18

Potential portals of bacterial entry include sinuses, mastoids,
and, most commonly, hematogenous seeding.

The incidence of viral meningitis is unknown, due to difficul-
ties in accurate diagnosis and reporting. Many cases are benign,
and likely underdiagnosed.19

Enterovirus causes a significant number of meningitis cases
in patients younger than 1 year. Eighty-five percent of cases
occur in infants younger than 4 months.20 In contrast, most her-
pes simplex virus (HSV) meningitis cases are diagnosed in ado-
lescents and adults.21

Certain agents produce infection during identifiable times of
year. Enterovirus and arbovirus infections occur most commonly
in the summer and early fall, probably due to association with the
mosquito season. One study demonstrated that 70% of positive
enterovirus cultures from 1975 to 1994 occurred between the
months of July and December.22 The typical incubation period is
4-6 days. Cases caused by N. meningitidis and S. pneumoniae
often peak in the winter months, possibly occurring in association
with respiratory tract infections.23 Listeria meningitis typically
occurs in the spring and fall.24 Mumps virus infections often
occur during late winter and early spring. Lymphycytic chori-
omeningitis infections typically occur during winter months.

Etiologies 
Table 1 lists some causative agents for pediatric meningitis

and some epidemiologic features. Meningitis may be caused by
bacteria, viruses, fungi, or, rarely, other organisms.

Bacteria. Organisms that cause bacterial meningitis vary by
the age of the patient. (See Table 2.) Among the neonatal popula-
tion, the predominant organisms include group B streptococcus
(more than 50% of bacterial meningitis in this age group);
Gram-negative enteric bacilli (30-40% of neonatal meningitis,
and includes Escherichia coli, Klebsiella species, Enterobacteria
species, Serratia species, and Citrobacter diversus); L. monocy-
togenes (approximately 5-20% of cases); Salmonella species,
Enterococcus, Staphylococcus epidermidis, Staphylococcus
aureus, S. pneumoniae, N. meningitidis, group D streptococci,
Ureaplasma urealyticum, and H. influenza type B.25-28

Among older infants and children, 90% of bacterial meningi-
tis is caused by S. pneumoniae and N. meningitidis. Although H.
influenzae type B previously was a leading cause of bacterial
meningitis, the incidence of this etiology has dropped dramati-
cally since the institution of the HiB vaccine.29 However, it
should be noted that the vaccine is less efficacious among Native
Americans, who have a high incidence of this disease.30 Other
etiologies may include Mycobacterium, Rickettsia, Ehrlichia,
Salmonella species, Campylobacter species, L. monocytogenes,
group G streptococcus, Francisella tularensis, and group B β-
hemolytic streptococcus.31

Viruses. There are numerous viral agents that cause meningi-
tis. In most clinical cases, the specific viral agent is not identi-
fied. Causative viruses may be classified in two groups, epidemic
agents (which consist of enteroviruses and arboviruses), and
endemic agents (including herpes viruses, rabies virus, etc.).
Although measles, mumps, and rubella once caused significant
numbers of cases of meningitis and encephalitis, vaccination has
virtually eradicated these agents.

Enteroviruses currently cause 80-90% of viral meningitis.4

Enteroviruses are small, ribonucleic acid (RNA) viruses with
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approximately 70 serotypes, including echoviruses, coxsackie
viruses, and polio viruses.32 Most viral meningitis is caused by
enteroviruses 68-71, echoviruses, coxsackie viruses A and B,
and polio viruses.33,34

Arboviruses are transmitted by an arthropod vector, typically
a mosquito or tick. Arboviruses may cause diseases in a variety
of vertebrates, including humans, horses, small mammals, and
birds. The most common arboviruses that cause meningitis in
humans are the St. Louis encephalitis virus and California
encephalitis virus.

Endemic viruses that may cause meningoencephalitis include
HSV, varicella-zoster virus, human herpes virus-6, measles,
mumps, human parvovirus B-19, rubella, rubeola, influenza
viruses, lymphocytic choriomeningitis virus, and HIV. HSV type
1 typically causes encephalitis, although the meninges may be
involved to variable degrees. HSV type 2 may cause encephalitis,
particularly in neonates who acquire the disease at the time of
delivery. Varicella typically causes central nervous system (CNS)
infection which manifests as cerebellar ataxia. It also may reacti-
vate later in life and cause herpes zoster meningoencephalitis.

Mumps meningoencephalitis typically
is mild, but may result in deafness. 

Fungi. Although fungi such as
Cryptococcus neoformans or Candida
species may cause meningitis in
immunocompromised patients, they
rarely are seen in immunocompetent
patients.

Other Organisms. Rarely, other
atypical pathogens may cause meningi-
tis or encephalitis, including such
agents as Rickettsia, Ehrlichia, Borrelia
burgdorferi, Mycoplasma pneumoniae,
and Bartonella henselae. 

Pathophysiology. The precise
pathophysiology of meningitis varies,
dependent upon the etiologic agent
and certain host characteristics.

Bacteria often spread by hematoge-
nous routes in patients with bacteremia.
Bacteria also may spread hematoge-
nously from a distant focal infection, or
by direct extension from an adjacent
infection. Twenty-five percent of infants
with bacteremia will develop meningi-
tis.35 Bacteria also may enter the cere-
brospinal fluid (CSF) following head
trauma. In the neonatal population,
organisms colonize the skin, nasophar-
ynx, oropharynx, and umbilical cord at
the time of birth, and may later spread
to the CNS. Bacteria must cross the
blood brain barrier, anatomically locat-
ed at the cerebral microascular endothe-

lium of the arachnoid membrane and the choroid plexus epitheli-
um. Bacteria multiply easily in the CNS, in part due to poor
immunologic defenses in normal cerebrospinal fluid.36,28 Bacteria
replicate and release chemotactic factors and other virulence fac-
tors. Following the release of these factors, inflammation of the
subarachnoid space occurs. Inflammation has both positive and
negative effects; while necessary to eliminate bacteria, inflamma-
tion also causes CNS damage and potentially long-term neurolog-
ic deficits. Numerous inflammatory mediators have been impli-
cated as contributors to the pathophysiology of meningitis,
including tumor necrosis factor, interleukins, macrophage inflam-
matory proteins, platelet activating factor, prostaglandins, and
interferon. Inflammation may lead to decreased CSF outflow, and
increased intracranial pressure (ICP) may result. Other potential
etiologies of cerebral injury include increased free radial produc-
tion and excitatory amino acids, which may enter the CNS
through altered blood brain barrier permeability.

Viruses typically enter the body via mucous membranes, or
by hematogenous spread following an insect bite. It is suggested
that mucosal barriers are affected by viral upper respiratory
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Causative Agent Epidemiologic Patterns

VIRUSES

Epidemic agents
Enteroviruses Occurs in late summer, early fall

Often infects younger children
Arboviruses

Endemic agents
Herpes simplex virus Typically associated with encephalitis
Measles Rare due to immunization
Mumps Rare due to immunization
Rubella Rare due to immunization

BACTERIA

Streptococcus pneumoniae Common etiology of bacterial meningitis
in infants, children, and adolescents

Neisseria meningitidis Serotypes B and C occur commonly.
Close contacts should receive prophylaxis.

Haemophilus influenzae (type B) Rare, but may occur in unvaccinated patients
or immigrants

Mycobacterium tuberculosis May occur in immunocompromised 
or institutionalized patients

Treponema pallidum Associated with tertiary syphilis

Bartonella henselae Associated with cat-scratch fever

ATYPICAL AGENTS

Rickettsia Tick-borne, endemic, summer to late fall

Ehrlichia Tick-borne, endemic, summer to late fall

Mycoplasma pneumoniae More commonly associated with encephalitis

Borrelia burgdorferi Causative agent of Lyme disease

Table 1. Common Causative Agents 
of Pediatric Meningitis



infections.37 Once in the body, viral replication occurs and the
bloodstream may seed various organs. During this extraneural
phase, systemic symptoms may occur, such as fever, malaise,
and myalgias. Later, the CNS is seeded, causing meningitis.
Other viruses such as HSV-1 may enter the CNS by direct spread
along neuronal axons. Neurologic damage in viral meningitis,
which may include cerebral edema, increased ICP, decreased
cerebral blood flow, vascular thrombosis, demyelination, and
perivascular destruction, is caused by either actively multiplying
viruses or by the host reaction to viral antigens.

Clinical Features
Clinical features of meningitis vary according to several fac-

tors, including etiologic agent, host factors, duration of illness,
and many others.38 Importantly, no single complaint or physical
finding confirms or negates the diagnosis of meningitis. Addi-
tionally, partially treated meningitis may present with less
impressive findings of fever and altered mental status, and may
be more difficult to diagnose.39

Most patients with bacterial meningitis present with a sub-
acute course, with progressive symptoms occuring over 2-5 days.
Presenting symptoms may include fever, malaise, irritability,
altered sleep patterns, anorexia, nausea, vomiting, or diarrhea.
Interestingly, these nonspecific symptoms often are seen in chil-
dren with other, more benign conditions. Table 3 illustrates the
variety of clinical signs and symptoms that may be present.

Clinical features also vary according to the age of the patient.
Among neonates, symptoms may include irritability, lethargy,
hypotonia, feeding difficulty, tachypnea, diarrhea, vomiting,
abdominal distension, hypo- or hyperthermia, seizures, altered
tone, nuchal rigidity, bulging fontanelle, cyanosis, petechiae, pur-
pura, or delayed capillary refill time. Approximately 50% of
neonates with meningitis will be febrile, with half presenting with
normal temperatures or with hypothermia. Specific findings, such
as nuchal rigidity or bulging fontanelle, are found only sporadi-
cally and should not be relied upon as consistent clinical
features.40 Infants younger than 4 weeks (some authors suggest 8
or 12 weeks) with fever should be evaluated for suspected sepsis
and/or meningitis with blood cultures and lumbar puncture.41-44

Among older infants and children, clinical features may
include fever, chills, malaise, myalgias, headache, photophobia,
altered mental status, neck pain, backache, tachycardia, altered
mental status, focal neurologic signs, hearing deficit, seizure,
petechiae, purpura, delayed capillary refill, anorexia, nausea, and
vomiting. One study demonstrated that the most common symp-
toms included neck stiffness (76%), focal neurologic findings
(69%), fever (62%), headache (62%), and vomiting (54%).45

Clinical features of viral meningitis may be acute, but often
are less fulminant.46 Fever is exceedingly common, and is found
in nearly 100% of patients.33,47 Often, the illness begins with
nonspecific symptoms such as fever, malaise, myalgias, and
exanthem. CNS symptomatology may follow several days later,
with symptoms such as headache, hyperesthesias, nausea, vomit-
ing, photophobia, and neck pain. Infants typically present with

nonspecific symptoms of fever and irritability, while older chil-
dren often present with fever and headache. Symptoms of dehy-
dration, including sunken fontanelle, tachycardia, or tachypnea,
may be present. Headache and nuchal rigidity commonly are
seen, but their absence does not rule out viral meningitis. Focal
symptoms such as focal weakness, or loss of bowel and bladder
control, may occur. Cutaneous vesicles may be suggestive of
HSV meningoencephalitis, but typically are seen in only 30-50%
of infants with neonatal HSV, and rarely are seen in older chil-
dren.27 A maculopapular rash is present in about 25% of patients
with enteroviral infection,48 and also may be seen in association
with echovirus and coxsackie infections.

The physical examination should be directed toward the iden-
tification of signs suggestive of meningitis. Vital signs and airway
should be evaluated initially. Disease processes that predispose an
individual to meningitis, (i.e., evidence of head trauma) should be
sought. A complete neurologic examination should be performed
to establish a baseline for comparison examinations during thera-
py. The physical examination should be performed rapidly and
should not delay prompt initiation of antibiotic therapy.
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AGE COMMON ORGANISMS

< 1 month Group B streptococci
Group D streptococci
Listeria monocytogenes
Escherichia coli
Enterobacteria species
Salmonella species
Citrobacter diversus 
Staphylococcus epidermidis 
Staphylococcus aureus
Streptococcus pneumoniae 
Neisseria meningitidis
Ureaplasma urealyticum
Haemophilus influenza type B

1-3 months Streptococcus pneumoniae
Neisseria meningitidis
Haemophilus influenzae
Group B streptococci
Listeria monocytogenes

3 months-
18 years Streptococcus pneumoniae

Neisseria meningitidis
Haemophilus influenzae
Listeria monocytogenes
Mycobacterium
Rickettsia 
Ehrlichia 
Salmonella species 
Campylobacter species
Group G streptococcus
Francisella tularensis
Group A β-hemolytic streptococcus 

Table 2. Common Bacterial Etiologies 
of Pediatric Meningitis by Age



A child with an altered mental status should significantly
raise the suspicion of meningitis. One study found that 73-100%
of patients with bacterial meningitis were lethargic or comatose,
and 36-60% appeared toxic or moribund.49

The fontanelle should be assessed in infants, as a bulging
fontanelle may suggest elevated ICP, and a depressed fontanelle
may suggest dehydration. 

Signs of nuchal rigidity should be assessed, including Kernig’s
and Brudzinski’s signs, although signs of meningeal irritation
rarely are identifiable in infants younger than 6 months.49

Although nuchal rigidity is predictive of acute bacterial meningi-
tis, its absence is not predictive of a benign process. Two clinical
maneuvers commonly are utilized to demonstrate nuchal rigidity.
Kernig’s sign refers to pain on leg extension, following flexion
of the hip to 90°. Brudzinski’s sign refers to involuntary flexion
of the hips and knees, following passive flexion of the neck
while supine. Both signs are considerably unreliable. A positive
Kernig’s sign is seen in 43% of patients with bacterial meningi-
tis, and a positive Brudzinski’s sign in 66% of patients.50

Patients with a history of head trauma should be examined for
evidence of fractures with penetration into the sinuses, dural
tears, and CSF otorrhea or rhinorrhea. These factors predispose a
patient to the development of a CSF infection, but absence does
not rule out the possibility of posttraumatic meningitis.

Hearing loss occurs commonly in association with bacterial
meningitis. Up to one-third of patients may exhibit some degree
of hearing loss, either during the acute phase, or during the recov-
ery phase. Acute hearing loss, particularly in the setting of head
trauma, should alert the clinician to the possibility of meningitis.

Seizures may be seen in 20-30% of patients with bacterial
meningitis.51 Typically, altered level of consciousness persists
long after the typical postictal period.52 The rate of disease pro-
gression also varies by etiologic agent. For example, N. meningi-
tidis infection may rapidly progress to septic shock and fulminant
multisystem failure within hours. Patients who present acutely
with a fulminant course typically have a worse prognosis.53

Diagnostic Studies
Lumbar puncture is the gold standard for diagnosing menin-

gitis. Lumbar puncture should be performed on all patients for
whom there is a strong clinical suspicion of meningitis. This
may include patients with altered mental status, irritability,
fever, shock, neurologic deficit, headache, nuchal rigidity, pho-
tophobia, or seizures; or unexplained fever in infants younger
than 3 months.

If a lumbar puncture feasibly cannot be performed, due to
hemodynamic instability, respiratory insufficiency, or risk of
increased ICP, antibiotic therapy should be administered without
delay.27,54 Lumbar puncture may be performed semi-electively
after stabilization, or the patient may be treated with a complete
course of antibiotics, based on the presumptive, but not proven,
diagnosis of meningitis.

Although many textbooks recommend performing lumbar
puncture in the lateral decubitus position, with spine flexed and
knees flexed, this procedure may be more successful (particular-
ly in difficult cases) when performed in the upright sitting posi-
tion. Particularly for obese patients, or patients with scoliosis, the
midline may be deceptively difficult to identify in the lateral
decubitus position. Fluoroscopic guidance may be required in
certain cases, including patients with spinal deformities.

Studies that should be obtained are outlined in Table 4. Rou-
tine studies should include cell count, culture, Gram stain, pro-
tein and glucose. Types of culture may include bacterial, viral,
fungal, and mycobacterial. Antigen detection may be useful, and
may be done by a variety of techniques, including latex aggluti-
nation (LA), enzyme-linked immunoabsorbent assay (ELISA),
countercurrent immunoelectrophoresis (CIE), and centrifuga-
tion-augmented solid-phase-immunoassy (CASPIA). Because
antigens typically persist in the CSF for several days after the
initiation of treatment, antigen detection may be particularly use-
ful in diagnosing partially treated meningitis. Four tubes of CSF
are routinely collected when meningitis is suspected. Some
authors advocate certain tubes being sent for specific tests. For
example, some authors recommend testing tubes one and four
for cell count. Others believe this practice to be unnecessary, and
advocate sending only tube four. Although some favor obtaining
an opening pressure, we have found that this rarely influences
clinical management.

Complications of lumbar puncture include: infection, pain,
bleeding, and rarely, herniation. Risk of infection may be reduced
by the fastidious use of sterile technique. Pain of the procedure
greatly may be reduced by the appropriate use of local anesthesia,
and in certain cases, intravenous (IV) sedation. Postdural puncture
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GENERAL

•   Malaise
•   Irritability
•   Myalgias
•   Headache
•   Neck or back pain
•   Restlessness
•   Lethargy

GASTROINTESTINAL

•   Anorexia
•   Feeding difficulties
•   Vomiting
•   Diarrhea
•   Abdominal distension

DERMATOLOGIC

•   Cyanosis
•   Petechiae
•   Purpura
•   Delayed capillary refill 
•   Nonspecific rash 

NEUROLOGIC

•   Headache
•   Altered mental status
•   Focal neurologic signs
•   Seizures
•   Hearing deficit
•   Gait disturbance
•   Nuchal rigidity
•   Nystagmus
•   Bulging fontanelle
•   Kernig’s sign
•   Brudzinski’s sign

VITAL SIGNS

•   Fever
•   Hypothermia
•   Tachycardia
•   Bradycardia
•   Tachypnea
•   Apnea

Table 3. Presenting Symptoms in Pediatric
Meningitis



headache is a known complica-
tion, and its incidence can be
reduced by the use of small-
gauge needles, restricting the
fluid removal to 3 cc, and only
moving the needle with the
stylet in place. Although herni-
ation of the temporal lobes or
cerebellar tonsils has been
described, this rare complica-
tion usually can be prevented
by avoiding lumbar puncture in
patients with evidence (physi-
cal or radiographic) of elevated
ICP. The potential risk of
hypoxia during the procedure
may be reduced by preoxy-
genation and provision of sup-
plemental oxygen during the
procedure, particularly for
infants.55

Abnormal CSF findings
consistent with bacterial menin-
gitis include: pleocytosis (typi-
cally 1000-20,000/mm3 with predominance of polymorphonuclear
neutrophils (PMNs) , decreased glucose (< 0.4 of serum glucose),
elevated protein, and elevated opening pressure. One study demon-
strated that the finding of more than five white blood cells
(WBC)/mm3 has a sensitivity of 98.4% and a specificity of 75.2%
for predicting bacterial meningitis.56 Another recent study demon-
strated that the finding of CSF WBC greater than 30/mL had a like-
lihood ratio of 10.3 for bacterial meningitis, and a positive predic-
tive value of 22.3%, and that a significant fraction of children with
bacterial meningitis did not demonstrate CSF pleocytosis.57 The
Gram stain may demonstrate organisms, dependent upon the num-
ber of organisms in the sample. Although Gram stains have an
overall sensitivity of 70-85%, 97% of Gram stains will be positive
when the specimen contains 106 colony forming units/mL. The
percentage of positive stains decreases with lower bacterial counts.
Latex agglutination usually is positive. If bacterial meningitis is
partially treated, CSF leukocytosis may be less pronounced, protein
is likely to be elevated, and Gram stain, latex agglutination, and
cultures may be positive, but may be sterile due to treatment.

Patients with tuberculous meningitis often have a CSF leuko-
cytes up to 500/mm3, a dramatically elevated protein, and a glu-
cose level less than 50 mg/dL. Acid fast smears often are falsely
negative. Cultures may be positive if a large volume of CSF is
cultured. The organism may be detected by polymerase chain
reaction (PCR). 

In viral meningitis, pleocytosis also may occur, but cell
counts typically are not as high as is seen in bacterial meningitis.
The CSF may contain between a few and several thousand
cells/mm3. A mononuclear predominance often is noted,
although predominance of PMNs may be seen early in the

course. Opening pressure usually is normal or slightly elevated.
The CSF protein may be slightly elevated, but often CSF glucose
and protein are within normal ranges. Glucose may be decreased
in 15-20% of mumps cases.30 The Gram stain is negative, but
always should be performed to screen for bacterial meningitis.
Isolation of the virus is more accurate when cultured early dur-
ing the disease course, and false negative cultures may occur in
up to 30% of viral meningitis.30 Enteroviruses, HSV, and CMV
may be detected by PCR of the CSF. Since PCR results virtually
are 100% specific,58 and often can be obtained within several
hours, confirmation of viral meningitis may obviate the need for
unnecessary hospitalization and antibiotic therapy.

In fungal meningitis, leukocytosis of up to 500/mm3 may
occur. Protein may be between 25-500 mg/dL. Glucose often is
below 50 mg/dL. Budding yeast forms may be seen on CSF
examination and organisms may be recovered by fungal culture.
If cryptococcal meningitis is suspected, cryptococcal antigen
should be tested in the CSF and serum.

Repeat lumbar puncture occasionally may be required to estab-
lish a definitive diagnosis in a patient with an initially normal lum-
bar puncture. Approximately 1% of patients with bacterial menin-
gitis may have a normal CSF profile.59 CSF composition may
change drastically within a short time during acute meningitis.60

Other tests should be considered when evaluating a patient
with possible meningitis to rule out other etiologies of symptoms
or to determine the causative agent. Such studies may include:
blood cultures (which identify the CSF organism in 80-92% of
cases),31,61 nasopharyngeal cultures, serum glucose, complete
blood count, arterial blood gas, chest radiograph, Gram stain of
dermatologic lesions, urinalysis, and culture.

134 December 2002/Pediatric Emergency Medicine Reports

STUDY NORMAL VALUE COMMENTS

Cell count < 6 WBCs/mm3 Up to 35 in infants < 4 weeks old;
0% PMNs Elevations also seen in seizures, 

otitis media, sinusitis, mastoiditis, 
pneumonia

Gram stain No organisms

Bacterial culture No growth

Protein 15-45 mg/dL 65-150 mg/dL in newborns

Glucose > 50, or 0.6-0.75 
of serum value

CONSIDER

Antigen detection Negative Effective in partially treated
(LA, CIE, ELISA, CASPIA) meningitis

Xanthochromia Negative Consider in subarachnoid 
hemorrhage 

Cytology Negative Consider if tumor is possible

India ink stain Negative Recommended for immunocom-

promised patients

Table 4. CSF Studies and Normal Values



Radiographic tests that may be considered include computed
tomography (CT) of the brain and magnetic resonance imaging
(MRI). Head CT need not routinely be performed, but should be
obtained whenever mass lesions or elevated incranial pressure
are suspected, to rule out such entities as brain tumor, abscess,
cerebral hemorrhage, intracranial hemorrhage, subdural empye-
ma, cavernous sinus thrombosis, or lateral sinus thrombosis.
Head CT should be performed prior to lumbar puncture if mass
lesions are suspected, but need not be performed uniformly in all
patients. Diffuse swelling of brain parenchyma, ventricular
dilatation, or obliteration of the basal cisterns and sylvian fis-
sures may be seen in acute meningitis.62 Importantly, radiograph-
ic tests should never delay the prompt initiation of antibiotic
therapy for suspected meningitis.

Electroencephalograms (EEGs) may be per-
formed. Although their diagnostic utility for menin-
gitis is limited, they may be useful to rule out
seizure activity. Typical EEG findings during acute
meningitis include diffuse slow wave activity. Focal
changes may be seen less commonly. 

Differential Diagnosis
Because signs and symptoms of meningitis often

are nonspecific, numerous other etiologies may be
considered. Clinical diagnoses that may be enter-
tained are depicted in Table 5. The differential diag-
nosis is extensive, depending on the clinical presen-
tation, and includes such categories of illness as:
infectious etiologies, neurologic disorders, neo-
plasms, metabolic disorders, toxic syndromes, vas-
cular abnormalities, neuromuscular disorders, and
other miscellaneous disorders.

Although making a definitive differentiation of
bacterial vs. viral meningitis may not be possible,
patients with viral meningitis typically have less ful-
minant clinical course, and symptoms often are
accompanied by gastrointestinal complaints. Neck
stiffness typically is milder than is seen with bacterial
meningitis.

Management 
Management for suspected meningitis includes

airway assessment and intervention, if indicated;
administration of supplemental oxygen, if indicated;
IV fluids and circulatory support, if indicated; and
prompt initiation of antibiotic therapy. Management
strategies are outlined in Table 6.

Some patients with meningitis may have shock
and associated respiratory failure. Such patients
should have aggressive airway intervention, which
may include administration of supplemental oxygen,
and/or endotracheal intubation and mechanical ven-
tilation. Circulatory support may be indicated, with
IV fluids and pressors, if necessary, to maintain ade-

quate perfusion. Although correcting hypotension is a priority,
excessive fluid administration should be avoided, as it may con-
tribute to brain edema. However, fluid restriction, a previously
advocated practice, should be avoided, as fluid restriction may
contribute to poorer outcomes.63,64

Prompt initiation of antibiotics is crucial. Delayed antibiotic
administration is associated with adverse outcomes.65 Although
some practitioners delay antibiotics while diagnostic tests are
performed, radiographic studies and even lumbar puncture
results are not likely to be affected by the prompt administration
of antibiotics.66 The choice of empiric antibiotics should be
made with consideration of the age of the patient, likely organ-
isms, and local antibiotic resistance trends. Table 6 lists some
recommended antibiotic regimens that cover common
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INFECTIOUS ETIOLOGIES

•   Sepsis
•   Other systemic infections

(for example, fungemia, 
rickettsial infections, protozoal 
infections, etc.)

•   Brain abscess
•   Epidural abscess
•   Epidural or subdural empyema
•   Transverse myelitis
•   Poliomyelitis
•   Tetanus
•   Cervical adenitis
•   Retropharyngeal abscess
•   Epiglottitis
•   Tonsillitis
•   Malaria
•   Typhoid fever
•   Viral syndrome

NEUROLOGIC DISORDERS

•   Acute cerebellar ataxia
•   Guillain Barré syndrome
•   Arnold Chiari malformation
•   Cerebrovascular accident

TRAUMA

•   Concussion
•   Subarachnoid hemorrhage
•   Subdural hematoma
•   Epidural hematoma

NEOPLASMS

•   Intracranial neoplasms
•   Brainstem neoplasms
•   Leukemia

METABOLIC DISORDERS

•   Electrolyte imbalance
•   Hypoglycemia
•   Uremia
•   Endocrinopathy
•   Gaucher’s disease
•   Kernicterus
•   Maple syrup urine disease

TOXIC SYNDROMES

•   Heavy metals
•   Organophosphates
•   Phenothiazines
•   Strichnine
•   Lead poisoning

VASCULAR ABNORMALITIES

•   Subarachnoid hemorrhage
•   Arteriovenous malformation 
•   Venous thrombosis

NEUROMUSCULAR DISORDERS

•   Seizure
•   Cervical spine abnormalities

(including trauma)
•   Myositis
•   Juvenile rheumatoid arthritis
•   Black widow spider bite
•   Collagen vascular disorders

OTHER MISCELLANEOUS ETIOLOGIES

•   Collagen vascular disorders
(lupus, etc.)

*This list contains sample considera-
tions and is not an exhaustive list of
disease states that should be con-
sidered in the differential diagnosis.

Table 5. Differential Diagnosis of Meningitis*



pathogens. Of note, because of
increasing rates of penicillin resist-
ance among pneumococcal isolates
(12-40%),67 vancomycin is considered
the treatment of choice for penicillin-
resistant S. pneumoniae.68

Administration of steroids is contro-
versial. Although the administration of
dexamethasone to patients with H.
influenza type B meningitis has been
associated with improved out-
comes,69,70 this effect has not been
demonstrated clearly for other types of
meningitis.71,72 Additionally, adverse
effects of steroids must be considered,
such as reduced penetration of van-
comycin,73,74 gastrointestinal bleeding,
hyperglycemia, worsened neurologic
outcome,75 and others. Although some
authors still advocate the use of
steroids for therapy for bacterial
meningitis,76,77 others recommend that
dexamethasone therapy be withheld,
except for cases of suspected or proven
H. influenza type B meningitis, when
steroid therapy is appropriate.40,75 If
given, dexamethasone should be administered in a dose of 0.15
mg/kg IV, 10-15 minutes prior to antibiotic administration.

ICP may be elevated in patients with CNS infections. If ele-
vated ICP is suspected, an ICP monitor should be considered and
measures undertaken to reduce ICP; measures may include rais-
ing the head of the bed;78 administration of IV mannitol (0.25-
1.0 g/kg over 10 minutes); administration of diuretics and barbi-
turates; and maintenance of normothermia, normoglycemia, and
adequate oxygenation.27,79,80

Treatment of viral meningitis primarily is supportive.
Antibiotics usually are administered until CSF cultures are
negative for a bacterial etiology or viral testing is positive.
Dehydration should be managed with IV fluids. Antipyretics
and analgesics may be indicated for symptomatic relief of
fever and headache. Antiemetics may be indicated for treat-
ment of nausea and vomiting, but care should be taken with
their administration to differentiate medication effect from
progressive alteration in mental status. Early reports suggest
clinical efficacy of pleconaril for the treatment of enteroviral
infections.81,82 If HSV meningoencephalitis is suspected, an
antiviral such as acyclovir should be administered. 

Treatment of Contacts. Contacts of patients with suspected
bacterial meningitis should receive prophylactic antibiotics, par-
ticularly if meningococcal meningitis is suspected or confirmed.
For known or suspected HIB, prophylaxis should be adminis-
tered with rifampin (20 mg/kg once daily for 4 days) to house-
hold contacts, daycare staff, and enrollees. For known or sus-
pected meningococcal disease, rifampin (10 mg/kg twice daily

for 2 days) should be administered to household contacts, med-
ical personnel, and day care contacts.54 Rifampin should be
avoided in pregnant patients. Prophylaxis is not indicated for
streptococcal infections. 

Outcomes
Bacterial meningitis carries a 5-40% mortality rate4-6 and

25-58% rate of significant disability.7-9 The prognosis after
meningitis is dependent on a variety of factors, including: age
of the patient,83 severity of illness at presentation,84-85 extent of
parenchymal involvement, hemodynamic status,65 presence of
seizures,65,87 etiologic agent,28 abnormal EEG,88 and altered
mental status.65 Delayed antibiotic administration also is asso-
ciated with adverse outcomes. In the neonatal population, pro-
longed seizures, coma, need for inotropic support, and leukope-
nia are predictors of poor outcome.89 Long-term sequelae more
commonly are reported among patients with gram-negative eti-
ologies of neonatal bacterial meningitis than other etiologies.28

Neurologic complications, such as motor incoordination,
seizure disorders, deafness, visual disturbances, and behav-
ioral disturbances, may be seen.8-10,90 It is recommended that
neurodevelopmental and audiologic evaluations routinely be
performed in follow-up of patients with meningitis. 

Additional Aspects
Complications. A wide variety of complications may be

associated with meningitis. Respiratory insufficiency or aspira-
tion may require intubation and mechanical ventilation.

136 December 2002/Pediatric Emergency Medicine Reports

•   Airway assessment
•   Supplemental oxygen, if indicated
•   Endotracheal intubation and mechanical ventilation, if indicated
•   Intravenous fluids, if indicated (20 cc/kg bolus, normal saline or Ringer’s lactate, 

repeated if indicated)
•   Inotropic support, if indicated
•   Empiric antibiotic administration

Age younger than 4 weeks: Ampicillin 25-50 mg/kg/dose, plus
gentamicin 2.5 mg/kg/dose, or cefotaxime 50 mg/kg/dose
Consider antivirals if herpes is suspected.

Age 4 weeks - 12 weeks: Vancomycin 15 mg/kg/dose, plus
cefotaxime 50 mg/kg/dose, or
ceftriaxone 100 mg/kg/dose, or
chloramphenicol 25 mg/kg/dose

(Ampicillin 50-100 mg/kg/dose should be added if Listeria 
is suspected.)

Age older than 12 weeks: Cefotaxime 50 mg/kg/dose, or ceftriaxone 100 mg/kg/dose,
plus vancomycin 15 mg/kg/dose

•   Assess and treat other conditions, such as hypoglycemia and seizures.
•   Hospital admission

*Because of frequent changes in antibiotic regimen recommendations, updated authorita-
tive sources should be consulted regarding appropriate antibiotic therapy.

Table 6. Management of Suspected Meningitis in Pediatric
Patients*



Seizures may be seen in 20-30% of patients with bacterial
meningitis, and should be managed with benzodiazepines (for
example, lorazepam 0.05-0.1 mg/kg IV) or other antiepileptic
agents (for example, phenytoin 15 mg/kg IV, or phenobarbital
10-20 mg/kg IV). Hyperpyrexia should be treated with aceta-
minophen or nonsteroidal antiinflammatory agents. Fluid and
electrolyte disturbances should be managed appropriately. If
elevated ICP is suspected, an ICP monitor should be considered
to guide ICP management. Mannitol administration may be
considered in patients with significantly elevated ICP, but
should not be instituted routinely.

Disseminated intravascular coagulation may be seen in patients
with bacterial meningitis. The primary goal of therapy is to ade-
quately and appropriately treat the underlying disease process. If
necessary, active bleeding may be controlled by treating with
platelet transfusions, vitamin K, and/or fresh frozen plasma.

Delayed complications may include intellectual impairment,
deafness (partial or complete), motor deficits, psychiatric disor-
ders, behavior problems, seizure disorders, hydrocephalus, visual
disturbances, or cranial nerve damage.8-10,90

Complications of viral meningitis are relatively rare. CNS
complications such as seizures, increased ICP, or coma may
occur in 10% of patients younger than 2 years, but they rarely
have long-term consequences.91 Diseases such as Guillain-Barré
syndrome, acute transverse myelitis, hemiplegia, and cerebellar
ataxia may occur.

Medicolegal Considerations
The failure to diagnose meningitis is one of the leading caus-

es of malpractice litigation.92 Lumbar puncture or definitive
treatment represents the standard of care for suspected bacterial
meningitis. Even in cases in which bacterial meningitis is con-
sidered but deemed too unlikely to justify the risks of lumbar
puncture, fastidious documentation of clinical findings and
rationale may protect against future malpractice litigation.
Specifically, instructions for appropriate and timely medical fol-
low-up are good medical practice, and also may serve some
medicolegal protection for the physician.

Pitfalls
Common errors that may result in medicolegal consequences

are important to keep in mind when evaluating or managing a
febrile child. These include:

•   Failure to consider the diagnosis of meningitis in a febrile
infant;

•   Failure to consider the diagnosis of meningitis in a child
with altered mental status, of any age;

•   Failure to consider the diagnosis of meningitis in a child
with persistent fever or positive blood cultures;

•   Failure to consider the diagnosis of meningitis, following a
lumbar puncture that revealed normal CSF studies;

•   Failure to obtain blood cultures in a patient with suspected
bacterial meningitis;

•   Failure to document the history and physical examination

thoroughly in patients with suspected bacterial meningitis; and
•   Failure to provide detailed discharge instructions for

patients with possible meningitis, including warning signs that
would dictate return ED evaluation.

Disposition
Patients with suspected bacterial, fungal, or herpes meningitis

should be admitted to an inpatient pediatric unit. Admission or
transfer to a pediatric critical care unit should be considered for
patients with hemodynamic instability, recurrent seizures, altered
mental status, or evidence of shock.

Patients with suspected viral meningitis, who appear nontox-
ic, are able to ambulate, are tolerant of oral intake, with adequate
home care, and with intact follow-up mechanisms, may be man-
aged as outpatients. However, admission may be warranted until
bacterial meningitis can be effectively ruled out. 

Summary
Meningitis is one of the most devastating diagnoses in the

pediatric emergency population. Both bacterial and viral menin-
gitis are significant causes of pediatric morbidity and mortality.
Maintaining a high index of clinical suspicion, completion of a
rapid historical and physical assessment, rapid completion of
diagnostic modalities, and timely institution of definitive therapy
are the goals of treatment. 
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CME Objectives
The CME objectives for Pediatric Emergency Medicine

Reports are to help physicians:
a.) Quickly recognize or increase index of suspicion for specific

conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
c.) Be educated about how to correctly perform necessary diag-

nostic tests;
d.) Take a meaningful patient history that will reveal the most

important details about the particular medical problem discussed;
e.) Apply state-of-the-art therapeutic techniques (including the

implications of pharmaceutical therapy discussed) to patients with
the particular medical problems discussed;

f.) Understand the differential diagnosis of the entity 
discussed;

g.) Understand both likely and rare complications that may
occur; and

h.) Provide patients with any necessary discharge 
instructions. 
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CME Questions

51. What is the overall mortality of bacterial meningitis in the United

States today?

A. Less than 5%

B. 5-40%

C. 50-70%

D. 75-90%

52. Which of the following is the most common etiology of bacterial

neonatal meningitis?

A. Streptococcus pneumoniae

B. Group B streptococci

C. Neisseria meningitidis

D. Escherichia coli

53. What is the most common etiology of bacterial meningitis in patients

older than 1 year?

A. Streptococcus pneumoniae and Neisseria meningitidis

B. Group B streptococci

C. Haemophilus influenzae

D. Escherichia coli

54. What is the most common etiology of viral meningitis?

A. Arbovirus

B. Mumps virus

C. Enterovirus

D. Herpes simplex virus

55. Which of the following is not a common presenting symptom in

infants with bacterial meningitis?

A. Poor feeding

B. Headache

C. Fever

D. Irritability

56. Which of the following is the most common presenting sign in

patients with viral meningitis?

A. Focal neurologic deficit

B. Kernig’s sign

C. Tachycardia

D. Fever

57. What is the sensitivity of the Gram stain of the CSF in identifying a

bacterial etiology of meningitis?

A. 10-25%

B. 35-50%

C. 60-70%

D. 70-85%

58. What is the appropriate empiric treatment regimen for an infant

younger than 4 weeks with suspected bacterial meningitis?

A. Ampicillin plus cefotaxime

B. Vancomycin plus ceftriaxone

C. Ceftriaxone

D. Ciprofloxacin plus azithromycin

59. A 3-year-old has CSF consistent with bacterial meningitis. Which of

the following is the most appropriate therapy?

A. Ampicillin and cefotaxime

B. Ceftriaxone and vancomycin

C. Decadron and ampicillin

D. Gentamicin and clindamycin

60. In which type of meningitis has dexamethasone been shown to

improve outcome?

A. Haemophilus influenzae type B

B. Group A streptococcal

C. Group B streptococcal

D. Escherichia coli
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In Future Issues: Pediatric Resuscitation

Correction
In a supplement to the November issue of Pediatric Emergency

Medicine Reports (Vol. 7, No. 10, “Current Concepts in the ED
Treatment of Pediatric Asthma”), a table of recommended medica-
tions for asthma exacerbations included an incorrect concentration
for albuterol aerosol.

The correct dosage for inhaled albuterol 0.5% solution is
0.03-0.05 mL/kg/dose q 20 min x 3 (max 1 mL/dose).

We regret the error.
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