1000 or aspirates from skin lesions, this procedure adds little to the diag-

nostic yield when compared with a combination of blood culture and
PCR analysis. Urinary antigen testing also is insensitive, and serologic
testing for meningococcal infection has not been adequately studied.
Because N. meningitidis is a component of the normal human nasopharyngeal flora, identification of the organism on throat swabs has
no diagnostic value.
TREATMENT
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Death from meningococcal disease is associated most commonly
with hypovolemic shock (meningococcemia) and occasionally with
raised intracranial pressure (meningococcal meningitis). Therefore,
management should focus on the treatment of these urgent clinical
issues in addition to the administration of specific antibiotic therapy.
Delayed recognition of meningococcal disease or its associated
physiologic derangements, together with inadequate emergency
management, is associated with poor outcome. Since the disease is
rare, protocols for emergency management have been developed
(see www.meningitis.org).
Airway patency may be compromised if the level of consciousness
is depressed as a result of shock (impaired cerebral perfusion) or raised
intracranial pressure; this situation may require intervention. In meningococcemia, pulmonary edema and pulmonary oligemia (presenting
as hypoxia) require oxygen therapy or elective endotracheal intubation. In cases with shock, aggressive fluid resuscitation (with replacement of the circulating volume several times in severe cases) and inotropic support may be necessary to maintain cardiac output. If shock
persists after volume resuscitation at 40 mL/kg, the risk of pulmonary
edema is high, and elective intubation is recommended to improve
oxygenation and decrease the work of breathing. Metabolic derangements, including hypoglycemia, acidosis, hypokalemia, hypocalcemia, hypomagnesemia, hypophosphatemia, anemia, and coagulopathy, should be anticipated and corrected. In the presence of raised
intracranial pressure, management includes correction of coexistent
shock and neurointensive care to maintain cerebral perfusion.
Empirical antibiotic therapy for suspected meningococcal disease
consists of a third-generation cephalosporin such as ceftriaxone
(75–100 mg/kg per day [maximum, 4 g/d] in one or two divided IV
doses) or cefotaxime (200 mg/kg per day [maximum, 8 g/d] in four
divided IV doses) to cover the various other (potentially penicillinresistant) bacteria that may produce an indistinguishable clinical
syndrome. Although unusual in most isolates, reduced meningococcal sensitivity to penicillin (a minimal inhibitory concentration of
0.12–1.0 μg/mL) has been reported widely.
Both meningococcal meningitis and meningococcal septicemia
are conventionally treated for 7 days, although courses of 3–5 days
may be equally effective. Furthermore, a single dose of ceftriaxone
or an oily suspension of chloramphenicol has been used successfully in resource-poor settings. No data are available to guide the
duration of treatment for meningococcal infection at other foci
(e.g., pneumonia, arthritis); antimicrobial therapy is usually continued until clinical and laboratory evidence of infection has resolved.
Cultures usually become sterile within 24 h of initiation of appropriate antibiotic chemotherapy.
The use of glucocorticoids for adjunctive treatment of meningococcal meningitis remains controversial since no relevant studies
have had sufficient power to determine true efficacy. One large
study in adults did indicate a trend toward benefit, and in clinical
practice a decision to use glucocorticoids usually must precede a
definite microbiologic diagnosis. Therapeutic doses of glucocorticoids are not recommended in meningococcal septicemia, but
many intensivists recommend replacement glucocorticoid doses
for patients who have refractory shock in association with impaired
adrenal gland responsiveness.
Various other adjunctive therapies for meningococcal disease
have been considered, but few have been subjected to clinical
trials and none can currently be recommended. An antibody to
LPS (HA1A) failed to confer a demonstrable benefit. Recombinant
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bactericidal/permeability-increasing protein (which is not currently
available) was tested in a study that had inadequate power to show
an effect on mortality rates; however, there were trends toward
lower mortality rates among patients who received a complete infusion, and this group also had fewer amputations, fewer blood-product transfusions, and a significantly improved functional outcome.
Given that protein C concentrations are reduced in meningococcal
disease, the use of activated protein C has been considered since a
survival benefit was demonstrated in adult sepsis trials; however,
trials in pediatric sepsis (of particular relevance for meningococcal
disease) found no benefit and indicated a potential risk of bleeding
complications with use of activated protein C.
The postmeningococcal immune-complex inflammatory syndrome has been treated with nonsteroidal anti-inflammatory agents
until spontaneous resolution occurs.
COMPLICATIONS
About 10% of patients with meningococcal disease die despite the
availability of antimicrobial therapy and other intensive medical interventions. The most common complication of meningococcal disease
(10% of cases) is scarring after necrosis of purpuric skin lesions, for
which skin grafting may be necessary. The lower limbs are most often
affected; next in frequency are the upper limbs, the trunk, and the face.
On average, 13% of the skin surface area is involved. Amputations are
necessary in 1–2% of survivors of meningococcal disease because of a
loss of tissue viability after peripheral ischemia or compartment syndromes. Unless there is local infection, amputation should usually be
delayed to allow the demarcation between viable and nonviable tissue
to become apparent. Approximately 5% of patients with meningococcal disease suffer hearing loss, and 7% have neurologic complications.
In one study pain was reported by 21% of survivors, and in a recent
analysis of serogroup B meningococcal disease (the MOSAIC study)
as many as one-quarter of survivors had psychological disorders. In
some investigations, the rate of complications is higher for serogroup
C disease (mostly associated with the ST11 clone) than for serogroup
B disease. In patients with severe hypovolemic shock, renal perfusion
may be impaired and prerenal failure is common, but permanent renal
replacement therapy is rarely needed.
Several studies suggest adverse psychosocial outcomes after meningococcal disease, with reduced quality of life, lowered self-esteem, and
poorer neurologic development, including increased rates of attention
deficit/hyperactivity disorder and special educational needs. Other
studies have not found evidence of such outcomes.
PROGNOSIS
Several prognostic scoring systems have been developed to identify
patients with meningococcal disease who are least likely to survive.
Factors associated with a poorer prognosis are shock; young age
(infancy), old age, and adolescence; coma; purpura fulminans; disseminated intravascular coagulation; thrombocytopenia; leukopenia;
absence of meningitis; metabolic acidosis; low plasma concentrations
of antithrombin and proteins S and C; high blood levels of PAI-1; and
a low erythrocyte sedimentation rate or C-reactive protein level. The
Glasgow Meningococcal Septicaemia Prognostic Score (GMSPS) is
probably the best-performing scoring system studied so far and may
be clinically useful for severity assessment in meningococcal disease.
However, scoring systems do not direct the clinician to specific interventions, and the priority in management should be recognition of
compromised airways, breathing, or circulation and direct, urgent
intervention. Most patients improve rapidly with appropriate antibiotics and supportive therapy. Fulminant meningococcemia is more likely
to result in death or ischemic skin loss than is meningitis; optimal
emergency management may reduce mortality rates among the most
severely affected patients.
PREVENTION
Since mortality rates in meningococcal disease remain high despite
improvements in intensive care management, immunization is the
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