
This issue of Emergency
Medicine Reports begins the
first in a two-part series on
meningococcal disease. Part I
of this series will focus on epi-
demiology, etiology, pathophys-
iology, and clinical features.
Part II will follow with cover-
age of diagnostic studies, differ-
ential diagnosis, and manage-
ment of the disease.

—The Editor

Introduction 
Neisseria meningitidis has

the dubious distinction of being
the last remaining serious bacte-
rial threat to the lives and well

being of otherwise healthy
Americans. In industrialized
nations, the risk of death or seri-
ous illness from organisms such
as Haemophilus influenzae and
Streptococcus pneumoniae has
been reduced greatly by the
development of vaccines against
these encapsulated organisms.1-4

Newer vaccines soon will be
available against some strains of
the meningococcus,5,6 but until
they achieve widespread effec-
tiveness and availability,
meningococcal disease will
continue to be a significant
cause of morbidity and mortali-
ty in the population. The
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meningococcus causes a variety of disease entities, but this review
focuses chiefly on its two major manifestations: severe meningo-
coccal septicemia (sometimes confusingly called “meningococ-
cemia”) and meningitis. One possible reason for the relative lack
of reduction in mortality from severe sepsis with this organism
may be the failure of clinicians to understand the pathophysiolog-
ic differences between these two, and their implications for emer-
gency management.7,8

Relevance to the Emergency Department 
Population

Prompt recognition and treatment of meningococcal disease in
the emergency department (ED) can be literally life- and limb-sav-
ing, while missed clues can produce devastating and largely pre-
ventable consequences.9,10 The rapid progression of illness means
that once the patient’s condition has become apparent, resuscita-
tion and stabilization will require the particular skills and resources
only available in an ED setting. In addition, several of the risk fac-
tors for meningococcal disease, such as low socio-economic status
and adolescent or young adult age, also are associated with fre-
quent use of ED rather than of primary care services.11,12

Epidemiology 
As many as 3000 people in the United States experience

meningococcal disease each year.2 While outbreaks of illness
tend to receive major attention from the media and the general
public, fewer than 5% of cases actually occur during out-
breaks.13,14 The prevalence of the asymptomatic carrier state
varies from less than 2% in children younger than 2 years of age
to as high as 10-40% among adolescents and young adults.15-17

The highest carrier prevalence is found among those living in
close quarters, such as college students and military recruits.

Actual disease incidence rates range between 0.9 and 1.5 per
100,000 in the general population and have not changed signifi-
cantly in the past 40 years.2,18 Incidence rates are as high as 5 per
100,000 among infants, declining steadily through late school
age, but with an additional peak in the adolescent and young
adult years (incidence rate in 2003 was 0.63 in 11-17 year-olds
and 1.0 in 18-22 year-olds).14 There also is seasonal variation in
incidence, with peak occurrences in late winter and spring.18

Case fatality rates vary between 8% and 13%.14 Fatality rates
generally increase with age in the populations with highest
prevalence;19,20 12% of 10-17 year-olds and 22.5% 15-24 year-
olds died in two recent surveillance studies.14,18 Survivors sustain
considerable long-term morbidity, with 12-19% having sequelae
such as hearing loss, brain injury, or amputations.21,22

Etiology 
The interplay of multiple factors determines which individu-

als will become ill with a particular organism. These factors tra-
ditionally are classified as attributes of the organism, the host,
and the environment. The development of invasive meningococ-
cal disease is a classic example of the interplay among these,
with a relatively high prevalence of a fairly virulent organism
causing disease in a relatively small number of victims. 

Causative Factors—The Organism. The causative agent of
meningococcal disease is the aerobic Gram-negative diplococcus
Neisseria meningitidis, which is a natural comensal organism in
the nasopharynx of humans, its only host.23 The relevant compo-
nents of the organism are its outer membrane and the polysac-
charide capsule. The membrane is the site of the lipopolysaccha-
ride molecule, the endotoxin that triggers the pathological
immune response (see below).20 Capsular polysaccharide compo-
sition varies, and it is on this basis that the 13 distinctive
serogroups of the organism are identified. Virtually all invasive
disease is caused by meningococci in one of the five serogroups
A, B, C, Y, and W-135. Groups B, C, and Y cause the bulk of dis-
ease in North America, while groups A and C predominate in
Asia and Africa.20,24 W-135 has been responsible for sporadic
outbreaks in Africa and the Middle East, including one well-doc-
umented recent outbreak among pilgrims returning from the
Hajj.25 Micropilli, or fimbriae on the outer surface of the capsule,
are the basis for adhesion to the nasopharyngeal epithelium.26

Colonization with the organism is the most common outcome of
adhesion, and is an immunizing event for the host producing
asymptomatic carriage.2 Systemic infection occurs in fewer than
1% of asymptomatic carriers when changes in the mucosal barri-
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er or host immune factors permit invasion of the bloodstream.27

Predisposing Conditions—The Host. Age already has been
mentioned as a predisposing factor, with children younger than 2
years of age experiencing nearly a five-fold increase in risk over
that in the general adult population. Defects in the host defense
mechanisms, both congenital and acquired, predispose to bacteri-
al invasion and active disease. Patients with sickle cell anemia
are functionally splenectomized after the age of about 2 years,
which produces a defect in their ability to clear encapsulated
organisms in general. Such patients suffer a disproportionate bur-
den of illness severity, morbidity, and mortality from meningo-
coccal disease. In otherwise healthy hosts, acute viral respiratory
infections are thought to be predisposing factors.28-30 Because
invasion by the organism triggers a response from virtually every
branch of the host immune system (see below), almost all
immune deficiency states are predisposing factors for dis-
ease.23,27,31 Stephens reported that two-thirds of adults with
meningococcal disease had one or more immunocompromising
conditions.32 The complement system is of major importance in
host defense against invasion by bacterial organisms, and com-
plement deficiency states are important risk factors.31 There is
growing evidence that specific genetic polymorphisms also may
underlie increased risk for invasive meningococcal disease, pre-
sumably by altering the structure or function of immune system
components.33-36

Risk Factors—The Environment. Environmental factors
that affect individual risk of invasive disease can be divided into
those factors that promote person-to-person spread of the organ-
ism and thus colonization, and those that affect the function of
the nasopharyngeal mucosal barrier, thereby facilitating invasion
of the bloodstream. Crowded living conditions are perhaps the
best-known circumstances that predispose to transmission of the

organism. The rate of secondary infection among household con-
tacts is up to 800 times that in the general population.2 Transmis-
sion occurs by short-range exposure (e.g., droplet aerosolization
or direct contact with secretions) and thus, effective transmission
requires close person-to-person contact. Not surprisingly, this
condition is met by members of most of the adult at-risk popula-
tions: dormitory-dwelling college students,37 military recruits,38

and people who live in socioeconomically deprived geographic
areas.12,39 It seems likely that the latter factor is a surrogate mark-
er for household crowding and other environmental factors such
as tobacco smoke and high rates of respiratory viral infection.40

Psychosocial stressors associated with deprivation, such as fre-
quent moves, household arguments, and legal disputes were
associated significantly and independently with elevated risk in
one study, although it was unclear how this association might be
mediated.41

Both active and passive exposure to tobacco smoke greatly
increases the risk of illness through disruption of the mucosal
barrier26 and by a variety of immunosuppressive effects.42,43 It
also contributes to increased transmission of the organism by
increasing production of respiratory droplets.44 The risk of inva-
sive bacterial disease in general among adults is increased by
two- to four-fold in smokers.4,43,45 Asymptomatic carriage rates
are substantially higher among smokers.15 Children, who
already experience the highest rates of illness, see even higher
relative risks with smoke exposure, estimated at 3.5 to 7.5 times
that in the general population.41,46,47 There appears to be a posi-
tive dose-response relationship between passive smoke exposure
and risk.48 Of significance, day-care attendance actually may
reduce the risk of invasive disease among children who live with
smokers, possibly by reducing the amount of time the young
child spends in close contact with multiple adults who are
asymptomatic carriers.49

Pathophysiology 
Mechanism of Disease Process. N. meningitidis produces a

variety of disease manifestations (see Table 1), but the two most
common and devastating are meningococcal meningitis (MM)
and severe meningococcal sepsis (SMS), discussed separately
below. There are two critical events in the pathogenesis of
meningococcal disease: penetration of the organism through the
nasopharyngeal mucosa and replication in the bloodstream. Inva-
sive disease occurs only after penetration, and once penetration
does occur the response to replication defines the course. If repli-
cation is rapid and overwhelms host defenses, SMS is the result,
whereas if replication can be held in partial check by immune
mechanisms, localizing disease such as meningitis or other sup-
purative complications develop. The reasons why some individu-
als develop SMS while others develop MM are not clear.23

Colonization and Invasion. Following exposure, the organism
colonizes the host nasopharynx (NP). (See Figure 1.) N. meningi-
tidis produces virulence factors that include the polysaccharide
capsule and its associated structures that promote adhesion to
mucosal cells,50 proteases that destroy host secretory (IgA) anti-
bodies,51 and mucosal ciliary inhibitors.17,52 Hosts with fully
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Table 1. Meningococcal Disease—Infectious
Syndromes*

Meningococcal meningitis
Meningococcal bacteremia
Meningococcemia (purpura fulminans and 

the Waterhouse-Friderichsen syndrome)
Respiratory tract infection

Pneumonia
Epiglottitis
Otitis media

Focal infection
Conjunctivitis
Septic arthritis
Urethritis
Purulent pericarditis

Chronic meningococcemia

*More than one syndrome may be present in an individual
patient.
Copyright 2001 Massachusetts Medical Society. Reprinted with
permission from: Rosenstein NE, Perkins BA, Stephens DS, et
al. Meningococcal disease. N Engl J Med 2001;344:1384.



functioning immune systems typically either destroy the organ-
ism shortly after exposure or, at worst, establish an asymptomatic
carrier state. In either case, humoral immunity is produced.2 In
hosts with impaired mucosal barriers (e.g., smokers, those with
acute viral illnesses), or with immunocompromise, invasion
through the mucosa, survival in the bloodstream, and rapid multi-
plication of the organism set the stage for severe disease.23

Virtually every branch of the human immune system is
involved in response to penetration of the organism into the
bloodstream. Until the maturation of an individual’s ability to
mount an acquired immune response (after the first year of life),
the innate immune system, particularly complement, provides the

main defense against N. meningitidis. This explains the high
peak of incidence during late infancy, as passive immunity pro-
vided by maternal antibody subsides. Acquisition of both anti-
body- and cell-mediated immunity occurs throughout childhood,
accounting for the drop in incidence during that period.23

The Inflammatory Response and Microvascular Injury. The
host inflammatory immune response that follows penetration of
primary defenses is intimately involved in the pathogenesis and
clinical manifestations of meningococcal disease. Indeed, a
recent review suggests that it can be useful to view meningococ-
cal sepsis as an inflammatory disease.53 Many of the triggers of
the immune/inflammatory response to the meningococcus are so-
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Figure 1. Colonization and Invasion by N. Meningitidis

Copyright 2001 Massachusetts Medical Society. Reprinted with permission from: Rosenstein NE, Perkins BA, Stephens DS, et al.
Meningococcal disease. N Engl J Med 2001;344:1383.



called “pattern recognition receptors” that identify molecular
structures common to many pathogens.54 These receptors are less
specific at distinguishing self from non-self antigens than are the
components of the innate immune system, which may account
for the profound damage done to host tissues.55

Pattern recognition receptors mediate both phagocytosis and
activation of pro-inflammatory cytokine pathways.56,57 The
cytokine contribution to the inflammatory cascade must be main-
tained in a delicate balance so that sufficient response to
pathogens occurs while minimizing damage to host tissues.53

Plasma concentrations of pro-inflammatory cytokines such as
tumor necrosis factor (TNF) and various interleukins (IL)
increase dramatically during acute infection with meningococ-
cus,58-60 although the causal meaning of this observation is
unclear. The interaction between pro- and anti-inflammatory
cytokines has been postulated to be related to the clinical mani-
festation of disease (e.g., SMS vs. meningitis).61

The ultimate result of the activation of the cytokine-mediated
inflammatory cascade in meningococcal disease is an assault on
the capillary endothelium of the host.62,63 Virtually every sign and
symptom, most newer therapies, and many prognostic indicators
hinge on the immune-mediated injury to vascular endothelial
cells.23 The multifactorial immune-mediated microvascular injury
produces the four general manifestations of pathology caused by
meningococcal infection: capillary leak, vasomotor instability,
disordered coagulation, and myocardial dysfunction.23,64 These,
in turn, account for the various multiple organ and system fail-
ures that are observed in clinical disease. (See Table 2.) 

Specific Organ Systems Involved. The specific result of the
four general manifestations of capillary damage is impairment and
ultimately failure of most of the major organ systems.22,23,26,65,66

The cardiovascular system profoundly is affected. Myocardial
function is impaired in SMS, with decreased stroke volume
resulting in diminished cardiac output.67 In children, diminished
stroke volume can be transiently compensated for by increased
heart rate, but this comes at the expense of increased metabolic
demand. Myocardial ischemia and cell death with elevation of
serum levels of troponin I occur in patients with SMS68 and are
correlated with the degree of myocardial dysfunction.69 The pro-
inflammatory cytokines TNF-alpha and IL-1beta are known to
reduce myocyte contractility in vitro.70 There is evidence that the
ultimate mediator of reduced contractility may be nitrous oxide
and cyclic guanosine monophosphate (GMP) induced by the ele-
vated cytokine levels.71

Central nervous system (CNS) impairment occurs by two
quite distinct mechanisms, which may be present alone or in
combination in any given patient. In MM, inflammatory changes
to vascular permeability and the blood-brain barrier, as well as
polymorphonuclear infiltrates, produce the clinical picture of
meningitis and direct inflammation of brain.26,72 Increased cere-
brospinal fluid (CSF) production and decreased reabsorption,
along with cerebral edema, produce rapidly elevated intracranial
pressure (ICP). These changes result in diminished conscious-
ness, confusion, and ultimately respiratory compromise if brain
herniation occurs.73,74 By contrast, patients with SMS who are in

rapidly progressive shock will experience reduced perfusion, tis-
sue acidosis, and ultimately cerebral infarction—end-organ
effects similar to those produced in other body systems by mas-
sive circulatory compromise.

The characteristic evolving rash of meningococcal disease is
the result of damage to capillaries and the endothelium of small
end-arteries.75,76 Vasculitis with extravasation of red blood cells
(and viable organisms) from leaking capillaries produces the ini-
tial petechial exanthem.7 With progression, micro- and macro-
scopic thrombi form in end-arteries and arterioles, producing
varying degrees of ischemia and ultimately necrosis and gan-
grenous changes if perfusion is not restored.65,77

Other organs that notably are affected by microvascular injury
and its consequences include the lungs, where capillary leak and
infiltration with neutrophils produce both intra-alveolar fluid and
thickening of the pulmonary interstium.78 These changes reduce
alveolar gas exchange and contribute to the “stiff lung” of adult
respiratory distress syndrome (ARDS). This leads to initial
tachypnea followed by frank respiratory failure with pulmonary
edema. There is a single report of the development of ascites of
sufficient quantity to compromise lung volume.79

Renal blood flow suffers during SMS in direct proportion to
the degree of shock.80 This effect may be exaggerated in younger
individuals.81 Oliguria or anuria may follow, and in severe cases
permanent kidney damage from acute tubular necrosis may
occur.82

Splanchnic blood flow in general is reduced, and thrombi
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Table 2. Causes of Intravascular Thrombosis
in Meningococcal Sepsis

• Binding of endotoxin-CD14 complexes to endothelial cells 
causes 

- Up-regulation of platelet adhesion factors 
- Loss of surface anti-adhesion molecules 
- Direct endothelial injury from neutrophil activity that results 

in increased platelet aggregation.25

• In plasma, activated monocytes trigger procoagulant 
pathways71,72 while impairing anticoagulant and thrombolytic 
systems.70

• Plasminogen activator inhibition is up-regulated,73 resulting in 
further decrease in thrombolysis.

• Together, the up-regulation or release of procoagulant and 
prothrombotic factors and the down-regulation or impairment 
of thrombolytic and anticoagulant pathways result in near-
complete dysfunction of the clotting cascade at every level.74,75

• Widespread intravascular thrombi form, consuming remaining 
fibrinogen and platelets and producing the clinical syndrome of 
disseminated intravascular coagulopathy (DIC). 

• Fully developed purpura fulminans results when clots form 
in end-arterioles that supply skin and internal organs.



forming in the mesenteric or gastric distributions can produce
submucosal ischemia and hemorrhage similar to what is seen on
skin; some patients may complain of severe abdominal pain.83 In
rare cases these lesions may erode and form ulcers.84

Vascular injury also contributes to hepatocellular damage,
infarction, and hemorrhage of the adrenal glands (Waterhouse-
Friderichsen Syndrome) and virtually every other organ and
system.85,86

Clinical Features 
Communication about disease caused by N. meningitidis is

hampered by confusing and often conflicting terminology.8,87

Only about half of patients with meningococcal bacteremia (that
is, whose blood cultures grow the organism) actually have isolat-
ed meningitis (purulent inflammation of the meninges with
accompanying cerebro-encephalitis).22 It is best to use the term
severe meningococcal sepsis or SMS to refer to the systemic
manifestations of the organism reproducing in the blood as an
organ, and to differentiate this rapidly progressive septic state
from localized (though still potentially serious) disease. Ten to
fifteen percent of patients have SMS alone,19,20 and 40% typically
have a mixed picture.7,22 Too often, clinicians associate petechiae
or purpura only with meningitis and waste valuable time diag-
nosing and managing it, when the real culprit, fulminant sepsis,
progresses rapidly and without adequate notice.87 The use of the
term “meningococcemia,” can be confusing and can contribute to
delays in treatment88 (though unfortunately the term still is wide-
ly used both in the literature and clinically).  

Major Clinical Syndromes. Severe Meningococcal Sepsis
(SMS). SMS is characterized by sudden onset, rapid progression,
and an absence of localizing findings. The presentation usually is
more severe than in meningitis or other manifestations. Most
patients with SMS have no known immunocompromise. These
features of SMS likely account in large part for its much higher
case fatality rate (40-50%).7,8

Presenting Symptoms and Physical Examination. Meningo-
coccal septicemia begins with an acute onset of high fever, shak-
ing chills, and myalgias that may be expressed as extremity
pain89 or back pain,8 particularly in adolescents or young adults.
Patients presenting to the ED with these symptoms before the
onset of a rash are at high risk for being sent home with a diag-
nosis of “viral syndrome,”90 especially because there often is a
transient improvement within six hours of onset.8

Within another six hours, however, patients with SMS invari-
ably deteriorate rapidly, most commonly with development of a
rash that initially may resemble a viral exanthem,8 although it is
more classically petechial in character. The rash becomes hemor-
rhagic, and most commonly coalesces to form widespread pur-
puric lesions. Purpura fulminans, or aggressive spread of purpura
to large areas with ischemic necrosis, may develop. Patients with
purpura fulminans are likely to have sudden drops in blood pres-
sure and acute adrenal hemorrhage (Waterhouse-Friderichsen
Syndrome).86

Vital Signs. Early SMS can present with normal blood pres-
sure and warm extremities, and especially in children, tachycar-

dia may be the only firm sign of impending disaster.7 Vital signs
other than temperature often initially are reported as “normal,”
though with disturbing frequency post-mortem chart reviews
reveal evident abnormalities such as elevated heart rate for age
and temperature, or widened pulse pressure. Normal blood pres-
sure does not signal reassurance.91 Altered mental status ranging
from anxiety, confusion, and combativeness to lethargy and stu-
por may be early manifestations of poor brain perfusion.23

Clinical Clues to Early Diagnosis of SMS. One of the reasons
that mortality rates have remained unchanged for four decades is
that this early period usually represents the only window for
effective intervention, and early diagnosis and treatment continue
to evade clinicians.92 Yung and McDonald recently have pub-
lished a set of clinical pearls which, while somewhat general,
may help in the early recognition of meningococcal sepsis.8 (See
Table 3.)  

Skin Findings. Any rash appearing in the context of a sudden
febrile illness should raise concern. Unlike viral syndromes that
have a several-day prodrome before development of the rash, in
patients with meningococcal disease the rash typically is present
within the first 24 hours of any symptomatology. The first
petechiae may be intraoral, conjunctival, or be hidden in skin
folds of the axilla, groin, or other regions. Notably, the early rash
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Table 3. Common Signs and Symptoms of
Meningococcal Disease

In children and adults:
• Fever, pallor, rigors, sweats
• Headache, neck stiffness, photophobia, backache, cranial 

nerve palsy
• Vomiting or nausea, and sometimes diarrhea
• Lethargy, drowsiness, irritability, confusion, agitation, seizures 

or altered conscious state
• Moaning, unintelligible speech
• Painful or swollen joints, myalgia, difficulty walking
• While the absence of a rash does not exclude meningococcal 

disease, any hemorrhagic rash should be particularly noted.

In infants and young children the following may also occur:
• Irritability; dislike of being handled; unwillingness to interact or 

make eye contact
• Loss of interest in the surroundings
• Tiredness, floppiness, drowsiness, altered mental state
• Twitching or convulsions
• Grunting or moaning
• Turning from light
• Pallor despite a high temperature

Note in particular:
• Rapid deterioration in clinical condition
• Repeat presentation to surgery or hospital
• Normally calm friends and relatives whose worry seems more 

extreme than the symptoms appear to justify

Reprinted with permission from: Yung AP, McDonald MI. Early
clinical clues to meningococcaemia. MJA 2003;178:135.



may not be petechial or hemorrhagic at all—it may be diffuse
and maculopapular90 and may blanch with pressure—a falsely
reassuring finding.   

Rigors. Yung and McDonald suggest that the presence of
“true rigors,” that is, a prolonged (10-20 minute) shaking chill
that cannot be stopped voluntarily, is a strong indication of sep-
sis.8 These authors recommend admission for antibiotics and
observation of any febrile patient with true rigors. The absence of
true rigors should not be completely reassuring, however. 

Localized Pain. Localized extremity or muscle pain also is
cited as something sufficiently unusual in the typical febrile
patient to warrant concern, particularly in older children.93

Younger children may refuse to walk.89 Similarly, abdominal
pain, back pain, and/or vomiting in a previously healthy febrile
patient, absent diarrhea, is sufficiently unusual to merit a closer
look. Yung and MacDonald recommend paying “a great deal of
attention to any febrile patient with severe pain at any site.”8

Patient and Family Characteristics. Yung also appropriately
points out that because previously healthy young people rarely
seek care abruptly, a sudden change in health should be taken
very seriously, as should a patient, parent, or friends who seem
more concerned than the objective signs might suggest.8 This
recommendation has been supported in a recent qualitative
study.94

Yung concludes the excellent clinical review with two impor-
tant observations: 1) Fever and a petechial or hemorrhagic rash is
always SMS until proven otherwise; and 2) while no single find-
ing is an indication for immediate treatment and admission, one
always should give serious consideration to meningococcal dis-
ease when one or more of the signs are present.8 Ask, “Why is
this patient seeking help right now for this problem?” When in
doubt, use aggressive fluid management and early administration
of antibiotics.

Bear in mind that in a typical year most emergency medicine
providers will see hundreds of children with many of the symp-
toms presented in Table 3; most will turn out to have a simple
viral syndrome. It is the presence of several or many of these
findings in a previously well patient, and their rapid progres-
sion, that should trigger the clinical alarm, not their individual
occurrence.

Meningococcal Meningitis (MM). In the 50% of patients with
meningitis caused by N. meningitidis but without fulminant sep-
sis, signs and symptoms are those of typical bacterial meningitis.
Although they do not have the end-organ manifestations of SMS,
these patients are (or have been) bacteremic with the organism,
and progression to sepsis and shock is an ever-present possibility.

Presenting Symptoms and Physical Examination. Patients
with MM usually have a one- to three-day non-specific pro-
drome that resembles viral illness, with low-grade fever and
upper respiratory symptoms.8 Myalgias, and especially back
pain, are common. Signs and symptoms progress in adolescent
and adult patients, classically, to sudden and severe headache,
often with photophobia, and the development of a higher fever
and stiff neck. Children and adult patients who are lucid may
complain of worsening headache with neck flexion. Nausea and

vomiting are common.20 Older children may complain of painful
extremities,89 while infants may not present with meningismus
or stiff neck.20

Patients may have mental status ranging from normal to
obtunded. A petechial rash sometimes is present, and is not nec-
essarily a sign of more severe disease.95 In patients older than 3
years, the classical meningeal signs of Kernig and Brudzinski
may be elicited. [The Kernig sign is present when the supine
patient with the thigh flexed onto the abdomen complains of pain
on passive extension of the leg. The best known of Brudzinski’s
five meningeal signs is produced in the supine patient when pas-
sive neck flexion produces spontaneous flexion of the hips and
knees.96] While useful if present, these signs rely on a coopera-
tive patient with near-normal mental status. Infants and toddlers
typically do not manifest the classical findings of meningeal
inflammation. They may be lethargic or irritable. Younger infants
may demonstrate a bulging fontanel, but its absence does not rule
out meningitis. 

In MM, direct cerebral inflammation and rising intracranial
pressure (ICP) may produce the familiar signs of lethargy pro-
gressing to obtundation, accompanied by the Cushing triad of
hypertension, bradycardia, and respiratory depression culminat-
ing in respiratory arrest. They also may have centrally mediated
vasospasm resulting in decreased peripheral perfusion. Vital
signs will show markedly different trends in the two cases, with
SMS patients exhibiting tachycardia and (eventually) hypoten-
sion, and MM patients developing hypertension and bradycardia.
When in doubt, support the circulating volume and observe the
response.

Other Forms of Localized Meningococcal Disease. SMS and
MM are the most common manifestations of invasive disease
caused by N. meningitidis, but other localized forms of infection
occur. As with MM, these conditions always are preceded by a
bacteremic phase followed by seeding of the infected site.
Although it is unusual in children, meningococcal pneumonia is
found in up to 15% of adults with invasive disease97 and is more
common in patients with immunodeficiency states.32 As with N.
gonorrheae, meningococcus may cause conjunctivitis,98 urethri-
tis,99 or arthritis.100 Because these syndromes present with slowly
worsening disease and usually are recognized easily, mortality
and long-term morbidity typically are fairly low with prompt and
appropriate treatment.8

Chronic Meningococcemia. Patients with complement31 or
other immunodeficiencies101 (and rarely those without) can
develop chronic meningococcemia (in this instance, the term is
both accurate and descriptive). In this condition, the organism
circulates in blood without localizing and without the rapid
reproduction and endotoxin release seen in SMS. Such patients
almost never are diagnosed on their first encounter with the
health care system, but present with intermittent fevers over a
several-week period, accompanied by an evanescent non-
petechial rash, arthralgias, and headache.20 These patients often
undergo evaluation for Rickettsial diseases, Lyme disease, or
other arthropod- or animal-borne infections before the correct
diagnosis is reached.
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Physician CME Questions

251. Which of the following statements is true about meningococcal 

disease epidemiology?

A. Most cases of meningococcal disease in the United States 

actually occur during outbreaks. 

B. The highest carrier prevalence is found among those living in

close quarters, such as college students and military recruits. 

C. Actual disease incidence rates have plummeted in the past 40

years. 

D. Incidence rates are high among infants, decline steadily through

late school age, adolescence, and young adulthood, and reach

their nadir in seniors. 

E. Meningococcal disease survivors tend to do well (that is, they

sustain only rare long-term morbidity) if cared for in modern

intensive care centers. 

252. The development of invasive meningococcal disease is a classic

example of the interplay among factors relating to the organism, host,

and environment. Which of the following is true regarding these 

factors?

A. Neisseria meningitidis is a natural comensal organism in the

nasopharynx of humans and other vertebrates, including several

mammals kept as household pets. 

B. Worldwide, virtually all invasive disease is caused by meningo-

cocci in one of the three serogroups. 

C. Host factors that are important include age, defects in the host

defense mechanisms, and recent acute viral respiratory.  

D. Recent evidence demonstrates that a child’s risk of invasive 

disease increases if she/he lives in crowded conditions, is

exposed to tobacco smoke, or attends day-care.

253. Virtually every branch of the human immune system is involved in
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response to penetration of meningococcus into the bloodstream.

Which of the following is true regarding immunity and meningococ-

cal disease? 

A. Until the maturation of an individual’s ability to mount an

acquired immune response in the 10th year of life, the innate

immune system, particularly complement, provides the main

defense against N. meningitidis. 

B. The multifactorial immune-mediated microvascular injury pro-

duces the four general manifestations of pathology caused by

meningococcal infection: capillary leak, vasomotor instability,

disordered coagulation, and myocardial dysfunction. 

C. In serious meningococcal sepsis (SMS), inflammatory changes

to vascular permeability and the blood-brain barrier, as well as

polymorphonuclear infiltrates, produce the clinical picture of

meningitis and direct inflammation of brain. 

D. For unknown reasons, the lungs are spared in SMS so microvas-

cular injury leading to capillary leak and infiltration with neu-

trophils is a rare cause of either intra-alveolar fluid or thickening

of the pulmonary interstium. 

254. Which of the following is true regarding the clinical features of

meningococcal disease? 

A. MM is characterized by sudden onset, rapid progression, and a

reliable absence of localizing findings. 

B. Patients presenting to the ED with SMS may have “viral symp-

toms” so before the onset of a rash they are at high risk for being

sent home, especially because there often is a transient improve-

ment within 6 hours of onset. 

C. Purpura fulminans is the aggressive spread of purpura to large

areas with ischemic necrosis and may be associated with sudden

drops in blood pressure and acute adrenal hemorrhage known as

Henoch Syndrome. 

D. The early rash of SMS is always petechial or hemorrhagic and

so is an extremely sensitive and specific finding. 

255. SMS and MM are the most common manifestations of invasive dis-

ease caused by N. meningitidis, but other localized forms of infection

occur. Which of the following is true of other manifestations of

meningococcal infection?

A. Meningococcal pneumonia is found in up to 15% of adults with

invasive disease and is more common in children and patients

with immunodeficiency states. 

B. Unlike N. gonorrheae, meningococcus does not cause conjunc-

tivitis, urethritis, or arthritis.  

C. Patients with complement or other immunodeficiencies (and

rarely those without) can develop chronic meningococcemia—a

condition in which the organism circulates in blood without

localizing, and also without the rapid reproduction and endotox-

in release seen in SMS. 

D. Patients with chronic meningococcemia are almost always diag-

nosed on their first encounter with the health care system

because the presence of intermittent fevers over a several-week

period accompanied by an evanescent, non-petechial rash,

arthralgias, and headache easily is distinguished from arthropod-

or animal-borne infections. 

256. What is the effect of tob acco smoke on meningococcal disease?

December 12, 2005/Emergency Medicine Reports 331

Emergency Medicine Reports 

CME Objectives

To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

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

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.

CME Instructions

Physicians participate in this continuing medical education
program by reading the article, using the provided references for
further research, and studying the questions at the end of the arti-
cle. Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to evaluate their
knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. After
completing this activity, you must complete the evaluation form
that will be provided at the end of the semester and return it in
the reply envelope provided to receive a certificate of completion.
When your evaluation is received, a certificate will be mailed to
you.

Please contact the Copyright Clearance Center for permission
to reproduce any part of this newsletter for educational purposes:

E-mail: info@copyright.com
Website: www.copyright.com
Telephone: (978) 750-8400

Fax: (978) 646-8600
Address: 222 Rosewood Drive • Danvers, MA 01923 

To reproduce for promotional purposes, please contact:
Stephen Vance 

Telephone: (800) 688-2421, ext. 5511
Fax: (800) 284-3291

Email: stephen.vance@thomson.com
Address: 3525 Piedmont Road, Bldg 6, Ste 400 

Atlanta, GA 30305



A. Active and passive exposure to tobacco smoke increases the risk

of illness through disruption of the mucosal barrier.

B. It contributes to transmission of the organism by increasing pro-

duction of respiratory droplets.

C. The risk of invasive bacterial disease is increased by two- to

four-fold in smokers.

D. Day care attendance may reduce the risk of invasive disease in

children who live with smokers.

E. All of the above

257. SMS is characterized by sudden onset, rapid progression, and an

absence of localizing findings.

A. True

B. False

258. Which of the following is true of rash in meningococcal disease?

A. Early rash that is diffuse, macropapular and may blanch with

pressure is a falsely reassuring finding.

B. Meningococcal disease has a several-day prodrome before rash

appears.

C. Only certain types of rashes should raise concern in the context

of sudden febrile illness.

D. The early rash of meningococcal disease is easy to note because

it always is petechial or hemorrhagic.

259. Which of the following is a presenting symptom of meningococcal

meningitis?

A. A one- to three-day nonspecific prodrome that resembles viral

illness

B. Myalgias, especially back pain

C. Sudden and severe headache, often with photophobia

D. High fever and stiff neck

E. All of the above

260. Twelve to nineteen percent of survivors of invasive meningococcal

disease sustain sequelae such as hearing loss, brain injury, or 

amputation.

A. True

B. False
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RAPID ACCESS MANAGEMENT GUIDELINES

®

Exclusive to our subscribers

Colonization and Invasion by N. Meningitidis

Meningococcal Disease—Infectious 
Syndromes

Meningococcal meningitis
Meningococcal bacteremia
Meningococcemia (purpura fulminans and 

the Waterhouse-Friderichsen syndrome)
Respiratory tract infection

Pneumonia
Epiglottitis
Otitis media

Focal infection
Conjunctivitis
Septic arthritis
Urethritis
Purulent pericarditis

Chronic meningococcemia

*More than one syndrome may be present in an individual
patient.
Copyright 2001 Massachusetts Medical Society. Reprinted with
permission from: Rosenstein NE, Perkins BA, Stephens DS, et
al. Meningococcal disease. N Engl J Med 2001;344:1384.

Causes of Intravascular Thrombosis 
in Meningococcal Sepsis

• Binding of endotoxin-CD14 complexes to endothelial cells 
causes 

- Up-regulation of platelet adhesion factors 
- Loss of surface anti-adhesion molecules 
- Direct endothelial injury from neutrophil activity that results 

in increased platelet aggregation.

• In plasma, activated monocytes trigger procoagulant 
pathways while impairing anticoagulant and thrombolytic 
systems. 

• Plasminogen activator inhibition is up-regulated, resulting in 
further decrease in thrombolysis.

• Together, the up-regulation or release of procoagulant and 
prothrombotic factors and the down-regulation or impairment 
of thrombolytic and anticoagulant pathways result in near-
complete dysfunction of the clotting cascade at every level. 

• Widespread intravascular thrombi form, consuming remaining 
fibrinogen and platelets and producing the clinical syndrome of 
disseminated intravascular coagulopathy (DIC). 

• Fully developed purpura fulminans results when clots form 
in end-arterioles that supply skin and internal organs.

Common Signs and Symptoms 
of Meningococcal Disease

In children and adults:
• Fever, pallor, rigors, sweats
• Headache, neck stiffness, photophobia, backache, cranial 

nerve palsy
• Vomiting or nausea, and sometimes diarrhea
• Lethargy, drowsiness, irritability, confusion, agitation, seizures 

or altered conscious state
• Moaning, unintelligible speech
• Painful or swollen joints, myalgia, difficulty walking
• While the absence of a rash does not exclude meningococcal 

disease, any hemorrhagic rash should be particularly noted.

In infants and young children the following may also occur:
• Irritability; dislike of being handled; unwillingness to interact or 

make eye contact
• Loss of interest in the surroundings
• Tiredness, floppiness, drowsiness, altered mental state
• Twitching or convulsions
• Grunting or moaning
• Turning from light
• Pallor despite a high temperature

Note in particular:
• Rapid deterioration in clinical condition
• Repeat presentation to surgery or hospital
• Normally calm friends and relatives whose worry seems more 

extreme than the symptoms appear to justify

Reprinted with permission from: Yung AP, McDonald MI. Early
clinical clues to meningococcaemia. MJA 2003;178:135.
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al. Meningococcal disease. N Engl J Med 2001;344:1383.
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