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I Introduction 

In 1805, Vieusseux reported the first identification of meningococcal disease [1] 
while the causative organism, Neisseria meningitidis, was first isolated in 1887 [2]. 
In 1919 Herrick stated with respect to meningococcal infections "no other infection 
so quickly slays" [3], a statement that still holds true 80 years later. 

Despite the advances in high-level intensive care, the mortality and morbidity in 
patients with meningococcal disease still remains high. The clinical presentation 
may include a wide spectrum, progressing within a few hours to septic shock and 
multiorgan system failure (MOP). Swift institution of therapy is of utmost impor
tance, and consists of aggressive cardiovascular and ventilatory support once the 
diagnosis is suspected and should on no account be delayed. Prevention and con
trol of meningococcal disease, partially achieved by vaccination and chemoprophy
laxis, still remains a public health challenge. 

This chapter summarizes current knowledge of the pathogenesis, therapy, and 
prevention of meningococcal disease, with emphasis on meningococcal sepsis. 

I Epidemiology 

Meningococcal disease occurs worldwide as endemic infections. Its incidence, dur
ing the last 30 years, has remained relatively stable at 1-3 per 100000 in most in
dustrialized countries [4], with the majority of cases occurring during the winter 
and early spring. The highest incidence is in children under the age of 5 years, 
with a secondary peak during adolescence and early adulthood. 

There are at least 13 serogroups of N. meningitidis, of which five serogroups, de
signated A, B, C, Y and W135, account for virtually all disease-causing cases [5]. In 
Europe, at least 50% of cases are attributable to serogroup B, and most of the re
mainder to serogroup C, whereas serogroups A and C predominate throughout Asia 
and Mrica [6]. Currently, in certain areas of the United States, serogroup Y is re
sponsible for approximately one-third of the cases, serogroup C for another one
third, and serogroup B, W135, and uncommon serogroups for the remainder of 
cases [7]. In all countries, the incidence of group B disease is highest in infants less 
than a year of age, whereas group C disease frequently causes localized outbreaks 
amongst teenagers and young adults. Epidemics are usually characterized by a pre
dominance of a single meningococcal serotype, higher incidence rates, and a shift 
of cases toward older age groups. 
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I Pathogenesis 

N. meningitidis are Gram-negative, aerobic diplococci. They are classified into sero
groups according to the immunologic reactivity of their capsular polysaccharides, 
which are the basis for meningococcal vaccines. They are further classified accord
ing to their outer membrane proteins and lipo-oligosaccharides [8] (Fig. 1). 

The only natural reservoir of N. meningitidis is the human nasopharyngeal mu
cosa from which transmission to others occurs by aerosol or secretions. Approxi
mately 5 to 10% of adults are asymptomatic carriers of N. meningitidis strains [9], 
most of which are not pathogenic. Although invasive disease is relatively rare, it 
can occur under the following conditions: exposure to a pathogenic strain, coloni
zation of the nasopharyngeal mucosa, passage through that mucosa, survival, and 
eventually outgrowth of meningococci into the bloodstream [8]. These processes 
are influenced by bacterial properties, climatologic and social conditions, alcohol 
consumption, smoking [10], preceding or concomitant viral (influenza A virus), 
and Mycoplasma pneumoniae infections, immunosuppressive drugs, autoimmune 
diseases [11], hyposplenia, deficiency of terminal complement components [12], 
and probably human immunodeficiency virus (HIV) seropositivity [13]. 
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Fig. 1. Cross-sectional view of the meningococcal cell membrane. (From [8] with permission) 
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I Clinical Presentations 

Patients with invasive meningococcal disease can fall into one of four groups: pa
tients with bacteremia without shock, patients with bacteremia with shock but no 
meningitis, patients with shock and meningitis, and patients with meningitis alone. 

The beginning of the bacteremia phase is often marked by the onset of chills, 
acute fever, or generalized muscle aches, and may be indistinguishable from any 
other infection. Within a few hours, fulminant meningococcal sepsis may develop 
without signs of meningitis, characterized by an abrupt onset of a petechial or pur
puric rash. This may progress to hypotension; diffuse intravascular coagulopathy 
(DIC, Fig. 2), acute adrenal hemorrhage (Waterhouse-Friederichsen syndrome), 
MOF, small vessel thrombosis, tissue necrosis, and death [14] . 

Meningitis occurs in about 50% of patients and is marked by a sudden onset of 
headache, fever, and neck stiffness, often accompanied by nausea, vomiting, photo
phobia, and an altered mental status. In infants, meningitis may present with non
specific signs such as feeding difficulties and without neck stiffness. A bulging fon
tanel is occasionally noted. Other reported presentations associated with meningo
coccal disease are pneumonia in 5 to 15% of cases [15], conjunctivitis, otitis media, 
epiglottitis, arthritis, urethritis, and pericarditis. 
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Fig. 2. Disseminated intravascular coagulation characterized by microvascular thrombosis and bleeding 
diathesis (PAl plasminogen activator inhibitor, PAF platelet activating factor). (From [14) with permission) 
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Pathophysiology 

It has been shown that the release of lipo-oligosaccharide from the outer membrane 
of N. meningitidis stimulates the patient's inflammatory pathway [16] while, menin
gococcal endotoxin, activates, in particular, the complement system [ 17]. These ef
fects result in an increase in both pro- and anti-inflammatory cytokines such as tu
mor necrosis factor {TNF)-a, interleukin (IL)-1, IL-6, IL-8, IL-10 and IL-12, causing 
the generalized dysregulation of the inflammatory pathway seen with meningococ
cal sepsis [18]. Activated protein C {APC}, is an endogenous protein, which has an
tithrombotic, anti-inflammatory, and fibrinolytic properties. It is converted from its 
inactive precursor, protein C, by thrombin coupled to thrombomodulin [19]. This 
conversion may be impaired during sepsis as a result of the down-regulation of 
thrombomodulin by inflammatory cytokines. During sepsis, an excess of nitric ox
ide (NO) reduces vascular resistance and, in turn, a drop in the systemic and pul
monary blood pressures, associated with myocardial dysfunction, and increases in 
oxygen consumption and endothelial permeability [20]. Fibronectin is another in
flammatory mediator, found in cryoprecipitate, which also stimulates platelet aggre
gation and the clotting cascade in DIC [21]. Once meningococci invade the subar
achnoid compartment, where the basic humoral and cellular host defense mecha
nisms are absent, they proliferate uncontrolled, but the inflammatory response re
mains localized resulting in increased cytokine concentration in the cerebrospinal 
fluid (CSF) of these patients [22]. 

I Diagnosis 

Early diagnosis suspected on clinical signs and symptoms is crucial and life-saving, 
as meningococcal disease can be fatal within a few hours. Hematological findings 
include low concentrations of fibrinogen, clotting factors, and platelets as a result 
of their consumption, and prolonged prothrombin and partial thromboplastin 
times, elevated fibrinogen degradation products, and reduced concentration of pro
tein C, S and antithrombin III. The classic laboratory diagnosis has relied on bac
teriologic culture of blood or CSF. Other methods not affected by prior antibiotic 
administration are antigen detection or polymerase chain reaction (PCR) on me
ningococcal DNA in blood or CSF. Finally, adrenal hemorrhages as identified at 
postmortem examination may indicate an underlying Waterhouse-Friderichsen syn
drome [23]. 

Predictors of Meningococcal Disease Severity 

Multiple scoring systems have been published, all based on quickly available clinical 
and laboratory parameters. In summary, predictors of a poor prognosis are: the ex
tremes of age, a short period between onset of disease and admission, the absence 
of meningitis, progressive or widespread skin lesions, shock, hypotension, metabolic 
acidosis, a moderately elevated or normal C-reactive protein (CRP) concentration in 
serum, the absence of leukocytosis, the presence of thrombocytopenia, DIC, low con
centration of factor VII, X, V, VIII, and hypofibrinogenemia [24, 25]. 
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Data from recent publications have suggested a correlation between the levels of 
the following mediators and the severity of meningococcal disease; high concentra
tions of cytokines [26], procalcitonin [27], NO [28] and fibronectin [29], high 
ACTH and low cortisol concentration [30], high meningococcal bacterial DNA load 
at presentation [31], increased levels of plasminogen activator inhibitor (PAl) I 
[32], low concentrations of anti-thrombin III, protein S and protein C [33], and de
letion variant of the angiotensin-converting-enzyme (ACE) gene [34]. Although the 
levels of these mediators are a direct reflection of the inflammatory process, long 
laboratory turnaround times make them unsuitable for prognostic evaluation in 
daily practice. 

I Outcome 

Recovery from meningococcal disease may be complicated by hemorrhages, acute 
respiratory distress syndrome (ARDS), anuria, MOF, long lasting myocardial de
pression, life-threatening bradyarrhythmias, cardiac tamponade, and sterile pericar
ditis. Skin and limb necrosis, secondary tissue infection requiring amputation or 
plastic surgery may occur. Despite improved supportive intensive care, mortality 
rates under 5 years remain high at 9 to 12%, and up to 40% in meningococcal sep
sis [4]. The neurological sequelae after meningococcal meningitis include sensori
neural deafness, mental retardation, spasticity, seizures and concentration distur
bances [35]. The mortality seen in 1 to 5% of these patients is often caused by ce
rebral edema and brain stem herniation. The outcome should be improved by pre
vention, early recognition, and improvements in early management and transport. 

I Treatment 

Aggressive early treatment of meningococcal disease consists of supportive care of 
shock and specific treatment of septicemia. 

Supportive Care 

The recommendations for hemodynamic support of pediatric patients with septic 
shock have been outlined recently [36]. The diagnosis of septic shock is made clini
cally and is based on a suspected infection manifested by hypo- or hyperthermia 
and clinical signs of decreased perfusion and altered mental status. Cold shock is 
defined as prolonged capillary refill of > 2 s, diminished peripheral pulses and 
mottled cool extremities whereas warm shock is characterized by flash capillary re
fill and bounding peripheral pulses. 

The immediate supportive care of pediatric septic shock consists of maintaining 
airway, breathing and circulation to restore normal mental status and peripheral 
perfusion. Airway and breathing should be rigorously monitored . and maintained. 
The decision to intubate and ventilate is made on a clinical diagnosis of increased 
work of breathing, poor airway reflexes, and impaired mental status. Waiting for 
confirmatory laboratory tests is discouraged. Volume loading may be required dur
ing intubation because of hypovolemia and use of induction agents. 
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Pediatric septic shock is associated with severe hypovolemia, and children fre
quently respond well to aggressive fluid resuscitation. Therefore, in these patients, 
reliable venous access should be rapidly established, followed by administration of 
fluid boluses of 20 ml/kg of colloids or crystalloids titrated to clinical monitors of 
cardiac output. Large fluid deficits may exist with initial requirements of 40-60 mU 
kg but can be as much as 200 mUkg. The presence of meningitis does not justify 
limited fluid resuscitation, as large volumes of fluid for acute stabilization in chil
dren have not been shown to increase cerebral edema [37]. In children with fluid
responsive shock, observation in a pediatric intensive care unit (ICU) with mini
mally invasive monitoring is necessary. 

lnotropesNasopressors 

Invasive hemodynamic monitoring should be considered in patients who do not re
spond rapidly to initial fluid boluses. A second catheter, preferably a central cathe
ter in the femoral vein, should be established for administration of vasoactive 
drugs. Dobutamine or mid-dosage dopamine can be used as the first-line drug for 
inotropic support. However, children < 12 months can be less responsive. Dobuta
mine or dopamine refractory shock must be quickly recognized and epinephrine 
used. 

In catecholamine-resistant hypotensive shock, adrenal insufficiency, caused by 
adrenal hemorrhages and adrenocortical insufficiency syndrome, should be sus
pected. In this setting, the use of stress doses of corticoids seems appropriate and 
is potentially life-saving in the reversal of shock [38]. To maintain metabolic home
ostasis in children, hypoglycemia, hypokalemia, and hypocalcemia must be rapidly 
diagnosed and promptly treated. Beyond the first hours, fluid losses and persistent 
hypovolemia secondary to diffuse capillary leak can continue for days. Ongoing 
fluid replacement should be directed at clinical endpoints. 

Hemodynamic support may be required for days in children with fluid-refrac
tory shock: 
I Patients with low cardiac output and dobutamine/dopamine resistant shock will 

require epinephrine. 
I Low cardiac output state with high systemic vascular resistance. Mortality in pe

diatric septic shock is strongly associated with low cardiac output state [39]. In 
this group of epinephrine-resistant shock patients, milrinone or amrinone (ino
tropic and vasodilating agents) can be considered. Use of these vasodilators is 
best reserved for patients where detailed cardiac output monitoring can be con
ducted and not for use in the resuscitation phase. 

I NormaUhigh cardiac output state with low systemic vascular resistance. In these 
patients, persistence of hypotension despite dopamine and epinephrine adminis
tration will require norepinephrine as the next choice of inotropic agent. 

I In children with refractory shock, associated pathology needs to be excluded 
such as pericardia! effusion or hypoadrenalism. 

I Occasionally a child will demonstrate severe refractory low cardiac output unre
sponsive to escalating inotropes in maintaining adequate systemic perfusion. At 
this stage, extracorporeal membrane oxygenation (ECMO) becomes an alterna
tive to consider, even though the expected survival does not exceed SOo/o [ 40 ]. 
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Specific Treatments 

Antibiotics. Effective antibiotics should be administered as early as possible and 
must not be delayed by the diagnostic procedures. Given the increasing resistance 
to penicillin, broad-spectrum cephalosporins (e.g., cefotaxime, ceftriaxone) are re
commended. 

Blood- and blood product infusion. Coagulopathy and low fibrinogen concentration 
should be corrected by fresh frozen plasma and cryoprecipitate. Hemoglobin should 
be maintained at a minimum of 10 g/dl. Platelet transfusion should be considered 
only in the presence of thrombocytopenia and clinical bleeding. 

Plasmapheresis, hemofiltration. In the acute phase, meningococcal disease may be 
complicated by renal failure due to acute tubular or cortical necrosis. At this stage, 
filtration should be started to help limit edema and fluid overload when excessive 
volumes of blood products are needed. Data have shown a reduced mortality asso
ciated with the early therapeutic filtration for presumed meningococcal disease 
[41]. The benefits of filtration to remove inflammatory cytokines and mediators re
main controversial. 

Recombinant human APC. APC is an endogenous protein with antithrombotic, antiin
flammatory and profibrinolytic properties. The serum level of protein C, as well as 
its activation by thrombomodulin appears to be reduced in meningococcal sepsis. 
Controlled trials have shown the efficacy of protein C concentrate in meningococcal 
disease [42] and the efficacy of recombinant activated protein C in patients with se
vere sepsis in terms of reduced mortality [43]. However, the additional risk of se
vere bleeding with use of these needs to be weighed by the clinician. 

Adjuvant Treatments 
I Heparin: inhibits thrombus formation and consumption of coagulation factors. 

Its use, however, remains controversial because of the tendency for hemorrhage 
and no beneficial effect on survival in the few limited trials [44]. 

I Anti-thrombin III: may be reduced in meningococcal disease and replacement 
has been shown to normalize levels and reverse coagulopathy. 

I Recombinant tissue plasminogen activator: induces clot specific fibrinolysis 
without any direct hemodynamic effect [44]. Hemorrhagic complications tend to 
limit its use. 

1 Immunomodulating therapies, such as antiserum to E. coli JS and human anti
lipid A monoclonal antibodies, have not significantly altered the mortality rate 
of meningococcal disease in experimental models [45] and anticytokine treat
ments appear to offer no protection. These therapies need further evaluation of 
their safety and efficacy in meningococcal disease. 

I Primary Prevention 

The polysaccharide capsules of N. meningitidis are important determinants of viru
lence and basis of vaccination. Recently, the quadrivalent polysaccharide vaccines 
against groups A, C, Y, and W135 have become available. These vaccines are safe 
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but arouse poor immunogenic response in young children [46], who are at highest 
risk of disease. They are, therefore, not recommended for routine childhood vacci
nation. 

The immunogenicity of polysaccharide vaccines can be improved by chemical 
conjugation to carrier proteins. The resulting polysaccharide-protein conjugated 
vaccines are safe, immunogenic in young infants, induce long-term protection, and 
also reduce nasopharyngeal carriage and transmission of the organism. Conjugated 
vaccines for group C disease have been licensed and recommended in childhood 
vaccination schedules. 

Despite nearly 25 years of work, there is no effective vaccine against group B 
strains. Efforts to use the capsular polysaccharide as a group B vaccine have been 
discouraged by its poor immunogenicity and developing a group B conjugated vac
cine has led to the potential for induction of autoantibodies [ 47]. 

The new generation group B vaccines, using a chemically modified E. coli K1 
polysaccharide capsule which is structurally identical to the group B polysaccharide 
or using Nad.A, a novel surface antigen of N. meningitidis [48], or vaccines against 
commensal Neisseria spp. particularly with N. lactamica [ 49] seem promising. 
Large clinical studies with extensive follow-up will be required to prove their safety 
and efficacy. 

1 Secondary Prevention 

Chemoprophylaxis should be administered as soon as possible to close contacts of 
patients including household members, day care, and medical personnel in close 
contact with oral secretions. The recommended antibiotics in this setting are: ci
profloxacin for adults in a single dose of 500 mg orally, rifampicin 5 mglkg twice a 
day for 2 days orally for children < 1 month, and rifampicin 10 mglkg twice a day 
for 2 days orally for children <::1 mo. [8]. Other chemoprophylaxis regimens in chil
dren include the use of azithromycin 10 mg/kg once only. 

I Conclusion 

Despite the significant progress in our understanding of the epidemiology and 
pathogenesis and, in our intensive care management, the mortality of meningococ
cal disease has not changed in recent years. Early recognition of subtle signs 
should lead the clinician to the early management of meningococcal disease. Effec
tive antibiotic treatment, aggressive hemodynamic support including ventilatory 
and inotropic support remains the cornerstone of therapy and invasive monitoring 
is recommended in high-risk patients. Reasonable hope to improve the outcome 
lies upon several experimental treatment modalities such as the use of recombinant 
human APC, plasmapheresis, and immunomodulating treatments. Efforts to find an 
effective and safe meningococcal vaccine covering the various meningococcal 
strains must be continued. 
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