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The following cases represent the two extremes of the spectrum of meningococcal disease (MD), as 
encountered during the epidemic in Sao Paulo, Brazil , in 1972 1

: 

1. According to his mother, this 16 year-old Sao Paulo high school student had complained of muscle 
soreness, headache and chilly sensations for two days before he became stuporous and had a grand mal 
seizure. When examined at Hospital Emilio Ribas he was arousable but disoriented, he had striking nuchal 
rigidity, there were a few small petechiae on his chest, and his oral temperature was 1 02.8°F. When a lumbar 
puncture was performed, the opening pressure was 300 mm H20; the CSF contained 1,250 WBC/mm3

, the 
protein was 230 mg/dL, and the glucose was 13 mg/dL. The CSF and blood grew Neisseria meningitidis, 
serogroup C, resistant to sulfadiazine. He was treated with penicillin G, 4 MU q4h. His mental status returned 
to baseline within 3 days and he was discharged from the hospital in one week. 

2. According to his commanding officer, this 18 year-old man was in excellent health when he arrived at recruit 
camp in a Sao Paulo suburb two weeks earlier. At line inspection on the morning of admission the young man 
was noted to have blood spots on his face. When questioned, he said that he had felt "sick" since he awoke 
that morning. He was immediately transported in a military truck to Hospital Emilio Ribas. On arrival he was 
stuporous, febrile (1 01 .6°F), and hypotensive (80/50), with widespread purpuric lesions on his face, chest, and 
extremities. Blood was drawn for culture and intravenous penicillin G was begun; it was difficult to stop 
bleeding at the venepuncture sites. Large doses of glucocorticoids were given. He expired at 2 P.M. The blood 
cultures subsequently grew Neisseria meningitidis, serogroup C, resistant to sulfadiazine. 

The first patient had meningococcal meningitis (MM), while the second case illustrates the clinical 
course of fulminant meningococcemia (FM). In the words of Herrick (1910), in FM there is 

"a sudden onset with chill, moderate or high fever, great prostration, restlessness with apathy, 
deepening into stupor or coma, which endures until death. The pulse is rapid , running, of small volume, 
weak and of low pressure. The color is a cyanotic pallor that is a mask of death. The rash begins as 
purple blotches on the trunk or elsewhere. These increase in size with incredible rapidity until 
coalescent areas may transform a considerable area of the body surface- even one-third-by ominous 
purple patches, continually extending until the fatal issue. In addition to the diffuse purpura, punctate 
petechial spots are thickly sprinkled over trunk, face, extremities and mucosa of the mouth and eyes 
and seem an independent lesion. No other infection so quickly slays."2 

This Grand Rounds presentation will address the following questions: 

1. When epidemic meningococcal disease (MD) occurs in a population, why do some individuals 
develop meningitis (MM) while others develop fulminant meningococcemia (FM) ("purpura 
fulminans")? (I shall assume that, during an epidemic, almost all individuals are infected by the same 
strain of Neisseria meningitidis.) 2. What is the nature of the coagulopathy? 3. What is the 
pathogenesis of septic shock and organ injury? 4. What pathophysiology-based therapies are being 
tested? 5. What do studies on patients with FM tell us about the host response to invasion by other 
bacteria? 

General overview: 
Neisseria meningitis are aerobic gram-negative diplococci. The species is classified into 

serogroups based on the antigenicity of the capsular polysaccharide. In recent years, serogroups B 
and C have caused most endemic MD in the U.S., and 5 distinct but closely related serogroup C 
strains have caused small outbreaks 3

, including an epidemic in east Texas during the early 1990's. 



Meningococci are transmitted from person 
to person via respiratory droplets. They colonize 
the nasopharynx and, in some individuals, invade 
through non-ciliated cells in the respiratory 
mucosa to enter the submucosa, from which they 
may make their way into the bloodstream 4

. 

Protection from meningococcal bacteremia is 
conferred by bactericidal antibody (lgG and lgM) 
and complement. Meningococci entering the 
blood may have several fates: (a) relatively slow 
multiplication in the blood, eventually seeding one 
or more organs in which host defenses 
(neutrophils, complement, etc.) are weaker than 

(acquisition from respiratory droplets) 

l 
nasopharyngeal colonization 

l 
mucosal invasion 

l 
bacteremia 

/ 
Meningococcal 

Meningitis 
Fulminant Meningococcemia 

(purpura fulminans) 
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those in blood- the meninges, joints, pericardium, etc., or (b) more rapid multiplication in the blood, 
with invasion of vascular endothelium and induction of DIC and shock. There is also a chronic form of 
(recurrent) meningococcal bacteremia, and some individuals recover from meningococcemia without 
treatment 5. 

Although meningococcal disease is principally a disease of childhood (peak attack rates occur 
in the 3- 9 month age group), cases occur at all ages. During epidemics, attack rates increase in 
teenagers and young adults. 

The two (extreme) forms of meningococcal disease 

Fulminant Meningococcal Meningitis 
meningococcemia JFM) (MM) 

Onset of symptoms to Short (often < 12 h) Longer (days) 
presentation for medical 
care 
Presenting signs/symptoms Prostration, petechiae/ Headache, meningismus, 

purpura, fever fever 
CSF culture Often negative Usually positive 
CSF endotoxin, cytokines Low High 
Blood endotoxin, cytokines High Low 
Case-fatality rate 30-50% 3-10% 
Fraction of total cases - 10% -30% 

Most patients with MD have meningococcemia and meningitis - there is a wide spectrum, with 
many overlapping features. This Table describes the extremes of the clinical spectrum. 

Neisseria rneningitidis: virulence mechanisms 

Although some clones of N. meningitidis are more virulent (cause more severe disease) in 
humans than others, the basis for this difference is not understood. 

One interesting and probably important phenotypic change may occur when meningococci are 
grown in medium containing cytidine monophospho-N-acetylneuraminic acid (CMP-NANA). 
Meningococci have an enzyme, sialyl transferase, that can transfer both endogenous 
(meningococcal) and exogenous (host) CMP-NANA to its LPS. Both endogenous and exogenous 
sialylation are associated with increased resistance to complement-mediated killing. It appears that 



5 
sialylation may mask an epitope, Lacto-N-neotetraose, that is a target in the complement­
meningococcus interaction 6

. 

What host factors determine the clinical course of meningococcal disease? 

It is a generally accepted notion that bacteremia results from the survival and multiplication of 
a single invading bacterium 7

. If meningococci double every 20 minutes in vivo, a blood 
concentration of 105 bacteria/ml would be reached within 10 hours after bloodstream invasion. 
(At this density, the organisms would be readily observable on the peripheral blood smear.) 
Little is known about the growth of meningococci in animal blood, however, since N. 
meningitidis is exclusively a human pathogen and there are no relevant animal models. 
Perhaps, like many other microbes, meningococci adapt to life in vivo by switching on or off 
cassettes of genes that favor their survival in blood, their ability to invade cells, etc. Perhaps 
some individuals provide a more favorable environment for sialylation of meningococcal LPS. 
Maybe this happens more readily in some individuals than in others, for unclear reasons. 
Most scientific attention has focused on the host factors that kill meningococci or limit their 
growth. 

Bactericidal antibodies The results of a remarkable experiment support the conclusion that 
bactericidal antibodies prevent meningococcal bloodstream invasion. Army recruits surrendered 
blood specimens when they entered boot camp at Fort Dix, NJ, in 1966. They submitted 
nasopharyngeal cultures biweekly and cases of meningococcal disease were noted as they occurred. 
Bactericidal activity was measured by mixing serum with growing meningococci in the presence of an 
exogenous complement source. After incubation for 1 hour, the surviving meningococci were 
enumerated 8

. 

So 5 of 13 (38%) recruits who 
acquired nasopharyngeal infection 
with group C meningococci and did 
not have bactericidal antibody to the 
infecting strain became ill with 
meningococcal disease. There were 
no cases in other recruits. The 
bactericidal antibodies recognized 
capsular polysaccharide antigens. 

Oassical Altemative 
PattMay PattMay 

~ /~~ 
lg\1. I~ C3 C3:> I~ 

~~rn~ 
\~/ ~es (F~Ia) 

~ 

Cs-9 

Bactericidal lysis Rlagocytic 
killing 

Total recruits 492 

Sera lacking bactericidal activity 54 
to a mixture of case strains 

Group C meningococcal isolate 24 
from nasopharynx 

No bactericidal activity to 13 
acquired group C strain 

Cases of meningococcal disease 5 

The major bactericidal antibodies are lgM 
and lgG antibodies that bind to the capsular 
polysaccharide. So immunity to 
meningococcal disease is serogroup-specific. 
Antibodies to other surface (subcapsular) 
antigens (proteins, LPS) may confer cross­
serogroup protection. Colonization with non­
pathogenic, unrelated yet antigenically cross­
reactive bacteria is thought to account for the 
development of bactericidal antibodies to 
pathogenic meningococci. lgA antibodies to 
meningococcal surface antigens may block 
lysis by lgG and lgM 9

; although this 



phenomenon was recognized almost 20 years ago, its significance remains uncertain. 

Complement is required for both opsonophagocytosis and bactericidal activity. Individuals 
deficient in one of the late complement components (CS - C9) cannot assemble 
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the "attack complex" needed to kill Neisseria . Interestingly, they typically develop less severe 
meningococcal disease (case-fatality rate- 3%), often with unusual serogroups 10

·
11

, and at an older 
age, than complement-sufficient individuals 12

. Meningococcal disease may recur, sometimes on 4 or 
5 occasions 13

. All of the terminal complement components exhibit autosomal recessive inheritance 
14 and the prevalence of the different component deficiencies varies widely among ethnic groups 13

. 

Properdin-deficient males, in contrast, often develop overwhelming MD (the case-fatality rate approximates 
75%) 15

, as do female heterozygotes 14
. Interestingly, the age of onset is typically in the teens or twenties. 

There is a report of one girl who had homozygous deficiency of factor H and recurrent menngococcal disease 16
; 

while properdin is a positive regulator of the alternative pathway, factor H is a negative (control) factor, and its 
absence is evidently sufficient to cause spontaneous 
activation of the pathway and depletion of the other 
pathway components. 

The susceptibility of LCCD patients to recurrent 
Neisseria! infections argues strongly that 
bactericidal killing is necessary for effective 
immunity to Neisseria. So why is 
meningococcal disease in LCCD patients 
usually mild? Hypothesis: individuals with 
LCCD (a) have cross-reactive lgG antibodies to 
meningococcal antigens, and therefore they can 
(b) produce C3b by activating both the classical 
and alternative pathways, allowing (c) 
opsonization by both lgG and C3b. Particles 
that are opsonized by both lgG and C3b are 
more effectively phagocytosed than are 

Late Complement Component Deficiency 

Classical 
Pathway 

lgM,Ig~ 
C3 

Alternative 
Pathway 

/ LPS. polysaccharide 

C3b ~ lgG2 

FcyRII CR 
! / 
' K 

~ 
Phagocytes 

(FcRylla) 

~ 
Phagocytic 

Killing 

particles opsonized only by C3b or C3bi. This hypothesis is supported by the observation that 
persons who have LCCD plus a defective Fe receptor that binds lgG poorly (the FcyRIIa R-131 allele) 
have more severe disease. More severe ('grave') disease occurred in 14 of 31 episodes in LCCD 
patients with R/R or R/H genotypes, compared with 1 of 18 episodes in children with the H/H 
genotype (odds ratio= 14) 17

. Individuals who have the R131 allele thus may be unable to use 
antimeningoccal (lgG2) antibodies to phagocytose meningococci because the critical Fe receptor on 
their neutrophils binds lgG2 poorly. Phagocytosis is evidently sufficient to restrain meningococcal 
growth in patients who have only LCCD. 

FcyRIIA/ 
R131 
H131 

CR 

Phagocyte 

Phagocytosis of N. mmingitidis group B 
organisms by human neutrophils 

80 -r---------, 
70+----~ 

60+----~ 

Phagocytic :: 

activity, •;. JO 

20 
10 
0 

None lgGI lgGI lgG2 lgG2 

+ + 
AGS AGS 

AGS = &glll11lllg!<bilinenic saun J. Jnfa:t. Ils. 170:848, 199:t 
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Receptors for the constant region of lgG (FcyR) are important in the phagocytosis of lgG­
opsonized microorganisms 18. Neutrophils express two of the 3 classes of FcyR, FcyRII 
(CD32) and FcyRIII (CD16). The key polymorphism in CD32 involves a single amino acid 
residue, at position 131, that is critical for lgG binding. The allele that has arginine at this site 
(R-131) internalizes lgG2-coated particles less effectively than the allele that has histidine (H-
131)19. lgG2 is the major antibody that binds polysaccharide antigens. Another study found a 
disproprtionately high rate of R/R-131 genotype among children who died with FM 20

. 

Homozygous FcyRIIA R131 

Oassical .AJtemative 
Pati"May Pati"May 

Assuming accurate surveillance data, the 
incidence of disease caused by Haemophilus 
influenzae type b and meningococci is roughly 10-
fold lower in Japan than in the U.S. and many other 
countries. Approximately 50% of Japanese who 
develop meningococcal disease have LCCD, 
usually component 7 or 9 deficiency 21 . This 
prevalence of LCCD among MD patients is 
considerably higher than has been found in 
countries with higher MD incidence 13, suggesting 
that in a relatively immune population complement 
deficiency is a greater risk factor for developing MD 
13. The prevalence of the FcyRIIa H131 allele is 
said to be very high among Japanese (arout 
85%)18, but the connection between this 
observation and the low incidence of disease 

" / LPS, pdysacctarid:!,lgG 
(lgM, lgG2)~ 

C3 C3b lgG2 

~-·[ FeyRIIA CR 

~ 
(Baderiddallysis) 

caused by encapsulated bacteria in Japan is uncertain. 

Summary: Meningococcal disease seems to occur in three stages: colonization, invasion 
(bacteremia) and growth in vivo. Individuals , who have bactericidal antimeningococcal 
antibody and normal complement are immune- they do not develop bacteremia. When 
bacteremia occurs, effective phagocytosis seems to play an important role in determining the 
subsequent course of MD. The evidence for this is obviously circumstantial: LCCD increases 
susceptibility to meningococcal disease, but C3b can be generated and meningococcal growth 
is probably checked by robust phagocytosis, so that the clinical course is usually mild. A 
deficiency of properdin, which stabilizes the alternative pathway convertase and allows 
continued activation of this pathway, is associated with more severe MD. Activation of the 
alternative pathway by lg, LPS or capsular polysaccharide is thus important for producing and 
maintaining C3b; without C3b, neither bactericidal lysis nor phagocytosis can proceed 
effectively. A phagocytic defect (FcyRI/a R131 allele) that impairs the phagocytosis of lgG2-
coated particles may favor more severe disease in otherwise normal individuals, again 
suggesting that phagocytic killing is important for restraining meningococcal growth; this allele 
also has been associated with a more severe clinical course in patients with LCCD. 

It is especially important to immunize LCCD and properdin-deficient individuals with 
meningococcal vaccine 13. 

Is phagocyte activation required to control meningococcal growth? 

Is phagocyte activation also required to control meningococcal growth? This idea was recently 
suggested by a group of Dutch pediatricians 22

. They took blood from first degree relatives of children 
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who had had meningococcal disease. They added endotoxin to the blood and measured the levels 
of IL-10 and TNF-cx in the blood after incubation for 18 hours. Their surprising result was that the 
blood from relatives of children who survived made more TNF than IL-10, while the blood of relatives 
of children who died made more IL-10 than TNF. The authors suggested that a primary IL-10 (i.e., 
antiinflammatory) response to endotoxin might prevent activation of neutrophils and monocyte­
macrophages, impairing phagocytosis and intracellular killing, thereby allowing meningococci to grow 
in the absence of symptoms. The patient would become ill only when purpura and vascular collapse 
ensue. 

This scenario has some problems, including the fact that it will be impossible to test 
prospectively. A spirited exchange of letters to the Lancet raised other issues. The analysis should 
be repeated in another population. 

Pathogenesis of Meningococcal Meningitis 

N. meningitidis has a striking tropism for the meninges. Infection of the CNS seems to begin 
in the choroid plexus or the ependyma that lines the cerebral ventricles. Meningococci adhere to 
cerebral capillary endothelial cells prior to entering the subarachnoid space. A vigorous local 
inflammatory response ensues, probably triggered by meningococcal endotoxin. Both bacterial 
growth and the inflammatory response occur within the CSF compartment, where levels of endotoxin, 
IL-6, TNF-cx, IL-111, IL-1Ra, and IL-10 greatly exceed the concentrations found in plasma 23

•
24

. 

Patients with MM have usually been sick for 24- 48 hours before they seek medical attention. 
Common presenting symptoms include nausea and vomiting, headache, neck stiffness, lethargy, and 
confusion. C-reactive protein levels are usually> 100 mg/L 25

, indicating that an acute phase 
response has been underway for many hours. 

Patients who develop MM may be those in whom meningococci do not grow rapidly in the 
blood. They may have a more vigorous initial inflammatory response to invading meningococci, or 
they may lack the (unknown) factors that allow N. meningitidis to fluorish in vivo (presumably this 
involves activation/repression of critical bacterial genes). In any case, circulating meningococci 
eventually "home" to the cerebral vessels, enter the SAS, and induce meningitis. (The CSF [like 
many other extravascular spaces - pericardia! fluid, joint fluid] is relatively deficient in both antibody 
and complement- thus providing a safe harbor for bacterial growth.) With prompt antimicrobial 
chemotherapy the prognosis, perhaps surprisingly, is pretty good- at least it is much better than that 
of FM. 

The pathophysiology of meningococcal purpura 

The distinctive feature of FM: bacterial adhesion to, and invasion of, vascular endothelial cells. 

Few other bacterial pathogens adhere to and invade vascular endothelial cells so well as 
meningococci. Studies from the pre-antibiotic era found that vascular endothelial cells in patients 
dying with FM were stuffed with organisms 26

. 

"The sequence of events in the pathogenesis of the [skin] lesions is the localization of the 
meningococci in the endothelium followed by endothelial damage and inflammation of the vessel walls, 
with resultant necrosis and thrombosis. These changes, by permitting the extravasation of red cells, 
account for the hemorrhagic cutaneous lesions."26 
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Later studies 27 confirmed this finding but failed to 
note a correlation between the extent of the skin 
lesions and the severity of the coagulopathy. 
Others found meningococci in the endothelium 
in skin lesions but not in internal organs, even 
though the endothelium in both sites was badly 
necrotic 28

. The latter authors suggested that 
this might reflect the inability of meningococci to 
grow at high (core) temperatures and attributed 
the endothelial damage in these sites to 
circulating meningococcal endotoxin. 

E-selectin 
P-selectin 

A rough but plausible scenario: N. meningitidis, having 
entered the bloodstream and avoided bactericidal killing 

Activated endothelial cell harboring meningococci 

by Ab, C and phagocytes, (a) attach to, and may .-------------------. 
· d 1 d h I' 1 11 · 1 1 · (?Anti-inflammatory host response) 
lnva e, vascu ar en ot e Ia ce s, partlcu ar Y In Meningococci attach to vascular endothelium 
cutaneous vessels, (b) multiply on or within the EC, (preferentially in the skin?) 

(c) induce expression of EC surface leukocyte i 
adhesion molecules, tissue factor, von Willebrand Meningococci grow on and in endothelial cells, 

releasing endotoxin 
factor, PAI-1, etc. (d) are released when EC die and activating EC to express procoagulant 

lyse. Meningococci that have multiplied within or on molecules, to attract neutrophils, etc. 

ECs release large amounts of endotoxin-containing i 
membrane fragments 29,3o, which contribute to the Endothelial cells lyse, 

releasing meningococci and 
activation of complement (alternative > classical meningococcal endotoxin 

pathways)31
, stimulation of monocytes and endothelial i 

cells at distant sites, etc. Massive activation of monocytes and endothelial cells, 
releasing both pro-and anti-inflammatory cytokines, 

triggering DIC and hypotension. 
Meningococcal pili and outer membrane proteins 
(particularly, the opacity proteins) are involved in EC invasion 32

., and EC toxicity can be related to the 
ability of meningococci to adhere to the EC surface 33

. Interestingly, a polysialic acid capsule or 
sialylated LPS seems to retard EC adherence and invasion 34

'
36

• Release of endotoxin onto the EC 
surface may induce tissue factor expression 35

. In fact, very little is known about the conditions that 
favor meningococcal growth in vivo, or about the changes in surface antigen expression and metabolic 
machinery that undoubtedly occur as meningococci adapt to the in vivo environment. Understanding 
these issues should be a major research goal. 

The meningococcal cell wall has one dominant pro-inflammatory molecule, LPS (LOS), and the outer 
membrane that contains it is poorly tethered to the underlying peptidoglycan. Presumably this 
structural peculiarity accounts for the fact that meningococci, more than other gram-negative bacteria, 
shed lots of LPS-containing membrane blebs in vivo. Almost surely this LPS activates monocytes, 
neutrophils, and other cells, which release various mediators; these mediators can also activate the 
endothelium. So endothelial cells may be stimulated from within and without - in any case, they are 
clearly activated to produce several molecules that can be profoundly pro-coagulant and sticky for 
leukocytes. There is also evidence that monocyte-derived membrane vesicles ("microparticles") are 
highly pro-thrombotic, and that these are released from monocytes in response to LPS stimulation 37

. 

The concentrations of endotoxin detected in the blood of patients with FM are often 10- to 1 00-fold 
greater than those found in the blood of patients with sepsis due to other gram-negative bacteria. 

At one time it was thought that meningococcal LOS is more potent than LOS from other gram-negative 
bacteria 38

• That possiblity was ruled out in a careful series of experiments performed by Alice Erwin 
when she was a UTSW Microbiology graduate student. She found that meningococcal LOS was no 
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"':lore:J>otent at inducing the dermal Shwartzman reaction in rabbits than was E. coli LOS of similar 
SIZe . 

Summary: it's reasonable to suppose (although most of the evidence is circumstantial) that adhesion 
to and invasion of EC by meningococci is a critical event in the pathogenesis of FM, and that much 
pathology can be related to local (endothelial disruption, platelet-leukocyte-fibrin microthrombi, 
vasculitis, hemorrhage) and systemic (DIC, shock) consequences of this invasion. 

Coagu/opathy: the dominant determinant of outcome? 

If one categorizes children with MD according to outcome (worst case = mortality or significant 
morbidity [e.g., amputation]), the best clinical predictor apfears to be the presence or absence of 
coagulopathy (PTT > 50 sec, or fibrinogen < 140 mg/dL)4 

• There are numerous prognostic scoring 
systems for meningococcal disease, and virtually all incorporate some measure of coagulopathy as a 
heavily weighted variable 41

-44. The following discussion will assume that coagulopathy is a central 
feature of FM. It is possible, of course, that coagulopathy is an epiphenomenon, with other processes 
having more direct roles in generating the clinical picture, but this seems unlikely. 

FM: a hypercoagu/able state 

Activation of monocytes 
and endothelial cells 

tissue &actor~ / ~ ,, PAI-1 mediated 
d. d Decreases in me 1ate 1'nh1.b1'tion of protein C, anti-
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coagulation 

thrombin Ill fibrinolysis 

/ / 
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~ ,/ removal . 

)& 

fibrin deposition 
~ 
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Adapted from M. Levi et al. Eur J Clin Invest 27:3, 1997 

When patients develop FM, the pro­
coagulant, anti-fibrinolytic forces dominate in the 
peripheral blood -45. Monocyte expression of tissue 
factor increases 46

• Fibrinopeptide A and thrombin­
antithrombin (TAT) levels are high, reflecting active 
clotting; antithrombin and fibrinogen levels are low 
30

•
47

. The contact (factors XII, XI, prekallikrein, high 
molecular weight kininogen) system is activated 48

. 

Striking deficiencies of antithrombin Ill and proteins 
C and S occur 49-

52
; there may be a strong negative 

correlation between protein C activity and both the 
size of the skin lesions and mortality 53

• 

Plasminogen levels are decreased while plasmin­
antiplasmin complexes and PAI-1 levels in the 
blood are very high 54

• PAI-1 levels correlate 
strongly with mortality risk 55 54

•
56

• 

Fibrin deposition (thus, platelet-leukocyte-fibrin microthrombi) is favored by (a) a procoagulant 
tendency, promoted by activation of tissue factor and deficiencies of proteins C, S, and anti-thrombin 
Ill, and (b) an anti-fibrinolytic tendency, favored by excessive PAI-1. 

- IX 
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Neutrophils are stimulated by endotoxin to express cell-surface CD11 b/CD18, which binds ICAM-1 
on endothelium; at the same time, EC are activated to express other adhesion molecules (E-selectin, 
P-selectin, ICAM-1) that attract neutrophils and encourage their diapedesis through the endothelium. 
Neutrophils release reactive oxygen intermediates as well as potentially harmful enzymes (blood 
elastase levels have been very high in patients with severe sepsis 57

) that may contribute to EC 
damage and initiate hemorrhage into tissues. Although some pathologists have had difficulty finding 
platelets in the vascular lesions noted at autopsy, these cells are also involved in the formation of 
microthrombi; the thrombocytopenia of severe sepsis is poorly understood but its pathogenesis may 
be no more complicated than simple entrapment in thrombi. 

Diagnosis of DIC in a patient with the clinical features of FM should not be difficult. Of the readily 
available tests, D-dimer formation is the most specific and sensitive 58

; the results of a semi­
quantitative, rapid D-dimer assay correlated with both organ injury and mortality in a recent study of 
septic patients 59

• The platelet count is decreased, as is the fibrinogen level, and there are frequently 
schistocytes on the peripheral smear. Prolongation of the PT and/or PTT is usually evident but these 
tests lack sensitivity and specificity for DIC. For a detailed discussion of the laboratory diagnosis of 
DIC, see the recent review by Bick 58

• 

Coagulation and fibrinolysis may be regulated independently.. 
IL-6 seems to be the major pro-coagulant cytokine, while it has little effect on fibrinolysis in 

humans 60 or chimpanzees 61
. In contrast,TNF promotes fibrinolysis but has little direct effect on 

coagulation in vivo 62
•
63[though, at least in high doses, infused TNF-a may activate coagulation 64

, 

perhaps by increasing IL-6 production]; it has been suggested that TNF antagonists may enhance the 
tendency toward thrombosis during sepsis 65! Epinephrine inhibits coagulation and stimulates 
fibrinolysis 66

• IL-1 is not thought to be a critical early mediator of coagulopathy but high doses of IL-
1 Ra improved both coagulant and fibrinolytic parameters in humans with severe sepsis 67

, and may 
have improved survival in those with DIC 68

. IL-10 inhibits coagulant responses and blocks the PAI-1 
response to endotoxin in human volunteers 69

. IL-4 also inhibits TF surface expression in stimulated 
monocytes. 

The pathophysiology of organ injury and shock 

FM: endotoxin and host mediator levels in the blood. 
At the time they come for medical care, patients with FM typically have extremely high blood levels of 
meningococcal endotoxin and both pro-inflammatory (TN F-a, IL-1, interferon-y, IL-6, IL-8) and anti­
inflammatory (IL-1 Ra, IL-1 Rsll, sTNF-RI, sTNF-RII, IL-10) cytokines. 

Mediator Higher than in MM Lower than in MM References 
Bacterial products Endotoxin (often very 

29,30,70 high levels) 
Cytokines TNF-a, IL-1, IFN-y, IL-6, 

55,71-74 
Pro-inflammatory IL-8 

Anti-inflammatory IL-1Ra, IL-1sRII, IL-10, 
24,55,72-77 

sTNF-RI, sRNF-RII 
Acute phase C-reactive protein 

25 
reactants 
Clotting parameters PAI-1, Fibrinopeptide A, 

30,54,55,71 
Procoagulant 
Anticoagulant/ TPA, TFPI Fibrinogen, protein S, 

49,50,78 
pro-fibrinolysis protein C, anti-thrombin 

Ill 



How can one make sense of all these 
values? To estimate the overall balance (pro- vs. 
anti-inflammatory) of the mediators in plasma, 
Brandtzaeg et al. 79 took plasma from patients 
acutely ill with FM and MM. They incubated the 
plasma with normal human monocytes and 
measured the procoagulant activity, TN F-a., and IL- J 
6 released over an 18 hr incubation ex vivo. They 18 hours 
found that (a) plasma from FM patients did not 
elicit release of these mediators from normal Measure IL-6, TNF-a. in medium 
monocytes, even when a large dose of 
meningococcal endotoxin was added; (b) plasma from MM patients also was not pro-inflammatory, 
but it did not prevent endotoxin from inducing mediator release; (c) removing IL-10 from the FM 
plasma partially restored pro-inflammatory forces (Figure). Similar findings have been reported in 
studies of patients with severe sepsis caused by other bacteria 80

. 

These interesting results suggest that the dominant 
forces in the venous blood of patients with FM are anti­
inflammatory, and that IL-10 is an important (but not the only) 
contributor to this balance. 

Other studies have found that the blood monocytes of 
patients with FM (as well as other forms of septic shock) are 
hyporesponsive to endotoxin stimulation81

. Again, IL-10 
seems to play a major anti-inflammatory role, along with 
TGF-11 82

• Interestingly, while LPS induces less TN F-a. and 
IL-10 release from septic monocytes than from normal 
monocytes, LPS-induced IL-1 Ra production is normal - again 
this would contribute to an anti-inflammatory milieu. 
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Summary: the blood concentrations of various mediator molecules suggest that full-blown FM is an 
anti-inflammatory, pro-coagulant state in which circulating blood leukocytes are relatively 
unresponsive to stimulation by endotoxin and most other agonists. 
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(Caveat: most of what we know about mediator interactions comes from studies performed on 
venous blood samples. Clotting occurs principally on surfaces, so the factors we measure in 
circulating plasma may represent what has not been "consumed" in local tissues. Similarly, 
inflammation can be compartmentalized in such a way that the blood levels of various 
mediators may not reflect the concentrations present in the tissues where the action really is.) 

How is it possible that in a lethally "pro-inflammatory" disease, the dominant mediators - both 
those that prime the patient to develop the disease and those that characterize its full-blown state­
are anti-inflammatory? Some tentative answers: 

(1) The major pathological process is microthrombosis. Often accompanied by vasculitis, 
thrombosis induces diffuse, severe organ dysfunction that leads to death. The major trigger for 
microthrombosis, at least during the early stage of the disease, may be meningococcal 
adhesion/infection of the endothelium and local elaboration of tissue factor, PAI-1, etc. The cytokines 
that circulate systemically may be less important. 
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(2) In patients with severe sepsis, the blood concentrations of over 30 molecules are 

elevated and the levels of others are decreased. Faced with this exceptionally complex array of 
abnormal signals, cells may become stunned-they revert to their intrinsic regulatory rhythms and 
ignore most external information. This represents a loss of normal physiological complexity. 
According to students of chaos theory 84

, severe sepsis may be a state in which organs lose their 
ability to communicate normally with each other. Isolated from normal control mechanisms, they don't 
function normally. In keeping with this notion, regularization of the heart rate is an ominous prognostic 
factor in critically ill patients 85

. 

The pathogenesis of shock in FM 

While there are several candidate mediators of septic shock, none has proven primacy. With 
regard to the relationship between coagulopathy and shock, numerous studies have suggested that 
(a) DIC follows activation of the "extrinsic" (TF-regulated) arm, (b) shock and DIC are not intimately 
linked 86

•
87

, and (c) the "contact" arm of clotting plays at least a contributory role in the pathogenesis of 
shock 88

. This independence of DIC and shock suggests that therapies that prevent or reverse DIC 
may not prevent shock or other untoward manifestations of sepsis. 

The Waterhouse-Friderichsen Syndrome (WFS): when 0/C causes adrenal dysfunction. 

No aspect of FM is better known to medical students than the WFS, the occurrence of collapse and death in 
association with massive adrenal hemorrhage. Old-timers can remember when adrenal hemorrhage was 
invoked to explain the occurrence of shock in patients with MD. We now recognize the WFS as one dramatic 
example of DIC-induced microthrombosis, hemorrhage, and tissue injury. Although it occurs in only a minority 
of patients with FM 89

, others may have partial adrenal insufficiency and fail to mount the normal 
hypercortisolemic response to severe seJ?sis 90

• Partial or comlete adrenal insufficiency has also been found in 
patients with sepsis of other etiologies 91

-
93

• Diagnosing adrenal insufficiency by measurements of plasma basal 
or stimulated cortisol levels 92 is sometimes problematic94

• Patients with FM in whom shock persists despite 
vigorous fluid resuscitation should receive supplemental glucocorticoid (hydrocortisone, 100 mg iv q8h). 

Other genetic polymorphisms that may favor a fulminant course 

The experiment by Westendorp et at. discussed above 22 suggests that the course of meningococcal 
disease may be determined by whether one has a pro-inflammatory or anti-inflammatory response to 
meningococcal endotoxin. If this hypothesis is substantiated, specific genetic polymorphisms that underly this 
phenomenon will doubtless be found . 

Thus far, three defined polymorphisms have been associated with more severe meningococcal disease. 

FcyRIIa (CD32) 20
. See above. 

TNF promoter 95
• One polymorphism involves a single base substitution at -308 nt relative to the 

transcriptional start site of the TN F-a. gene. The TNF2 allele is thought to be associated with higher 
constitutive and inducible levels of transcription than is the TNF1 allele, but this point has been 
challenged 96

·
97

• In one study of 98 children with MD, 10 of 33 with TNF2 died, compared with 8 of 65 
with the TNF1 allele (p = 0.03, RR = 2.5, Cl = 1.1 - 5. 7)95

. Although this polymorphism has also been 
associated with increased risk of cerebral malaria, its relevance to severe sepsis is disputed. 
Westendorp et at. did not find an association between the -308 allele and severe meningococcal 
disease in their study population, for example 22

• 

PAI-1 promoter. A polymorphism in the PAI-1 promoter has been associated with higher basal PAI-1 
levels and higher inflammation-induced PAI-1 levels. It may occur with increased frequency in patients 
who have experienced myocardial infarction 98

·
99 (although this is controversial 100

'
101

) and unpublished 
reports have linked it to the severity of meningococcal disease. 

' 
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Other genes. Other studies have found that the prevalence of deficiencies or mutations in clotting 
factors (proteins Cor S, antithrombin-Ill, APC resistance [factor V Leiden] 102

) is very low in patients with 
MD who develop severe purpura 103

. 

Meningococcal disease: therapy 

In the U.S., meningococci remain susceptible to penicillin G. Nevertheless, a second­
generation cephalosporin (cefotaxime, ceftriaxone) is favored for initial therapy, for its greater ease of 
administration and because other bacteria that may be penicillin-resistant (S.pneumoniae, H. 
influenzae, other gram-negative bacteria) can cause the same syndromes. In the B-lactam-allergic 
patient, chloramphenicol (75 - 100 mg/kg q6h) is suitable. Patients with meningococcal meningitis 
should be treated for 7 days. While glucocorticoid therapy for adult meningitis is controversial, the 
efficacy of dexamethasone treatment for H. influenzae meningitis in children is now generally 
accepted and many experts would administer dexamethasone (8-12 mg q6h) to adults with bacterial 
meningitis, beginning if possible before antibiotic therapy is initiated. Patients with meningococcal 
disease should be hospitalized with respiratory isolation precautions for the first 24 hours. 

Patients with FM typically experience severe shock (low SVR), diffuse leakage of fluid into 
extravascular spaces, and multiple organ dysfunction. Myocardial dysfunction may be prominent. 
Supportive therapy for FM (or, for that matter, any form of septic shock) has never been studied in 
randomized, placebo-controlled trials. Standard measures include vigorous fluid resuscitation (often 
requiring 10 - 12 liters over the first 24 hours), elective ventilation, pressors (epinephrine and/or 
dopamine}, and, in patients with refractory shock, supplemental glucocorticoids (see above). Some 
authorities recommend early hemodialysis or hemofiltration. Fresh frozen plasma or cryoprecipitate is 
often given to patients who are actively bleeding, or who have severely deranged clotting parameters. 
For an excellent discussion of the management of children with severe meningococcal disease, see 
the review by B. Giroir and his colleagues in the UT Southwestern Department of Pediatrics 44

. 

Meningococcal disease: prevention 

Meningococcal polysaccharide vaccines 
A single injection of tetravalent meningococcal vaccine (serogroups A,C,W-135,Y} immunizes 

(protects) -85 - 100% of immunocompetent adults. In addition to individuals with LCCD or properdin 
deficiency, persons who should receive the vaccine include those with sickle cell anemia, asplenia or 
splenectomy, military recruits, and individuals traveling to the African "meningitis belt" during the dry 
months (December to June) or to other areas with epidemic meningococcal disease. In" general, the 
vaccine should be given only to persons ~2 years of age 104

• 

Antimicrobial chemoprophylaxis 
The attack rate for meningococcal disease in household contacts of cases is -500-fold greater 

than that in the total population. It is recommended that close contacts of cases receive 
chemoprophylaxis with rifampin (adult dose: 600 mg po q12h x 4 doses) or ciprofloxacin (adult dose: 
500 mg po once)104

•
105

• A single injection of ceftriaxone (250 mg i.m.) is also effective. Close contacts 
include household members, day care center contacts, and anyone directly exposed to the patient's 
oral secretions. Casual contacts are not at increased risk. Chemoprophylaxis should be administered 
as soon as possible after the case is identified. Most secondary cases occur during the two weeks 
following the onset of the primary case. 

Possible new therapies for FM: 

In over a dozen phase Ill trials, anti-inflammatory drugs did not improve the survival of patients 
with severe sepsis or septic shock. Attention has thus turned to other kinds of interventions. Anti­
endotoxin drugs are intended to neutralize the microbial trigger for the septic response, while it is 
hoped that anticoagulant drugs will prevent or reverse microthrombosis without promoting bleeding. 
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An unanticipated problem has made it harder to evaluate new drugs in patients with FM: 
conventional therapy has improved over the last decade, so that the case-fatality rate in experienced 
centers (such as those served by our Department of Pediatrics44

) has fallen to around 15%. This 
welcome improvement has increased the numbers of patients that must be studied to measure 
significant differences between drug and placebo. 

Anti-endotoxin drugs 
The blood of patients with FM often contains extremely high concentrations of meningococcal 

endotoxin 70
• After therapy with penicillin is initiated, the endotoxin is cleared rather rapidly, so that 

within 12 - 24 hours there may be a 10- to 1 00-fold decrease in its concentration in the blood. There 
is no evidence that plasma endotoxin concentrations increase after antimicrobial chemotherapy­
induced lysis of meningococcal cells 70

. Drugs that neutralize endotoxin will be beneficial only to the 
extent that endotoxin remains a trigger for pathologic changes as it is being cleared - a point that is 
still unsettled. 

HA-1A. This antiendotoxin antibody was tested in a large phase Ill trial in which children with 
FM were randomized to receive HA-1A or placebo. The results showed a non-significant survival 
advantage among recipients of HA-1A. HA-1A is an autoantibody that binds to numerous non-LPS 
antigens 106 and is probably toxic to patients who do not have gram-negative sepsis 107 

BPI. Bactericidal-permeability increasing protein is a normal constituent of human neutrophils 
108

. It has both bactericidal and endotoxin-neutralizing properties. In a phase II trial in children with 
FM who had received antibiotic treatment for no more than 8 hours, it appeared very promising 109

• 

Only 1 of 26 treated patients died, whereas predicted mortality, based on various clinical criteria, was 
> 30%. A phase Ill trial is in progress. The results of this trial should answer important questions 
about the role played by endotoxin during the treatment phase of FM. 

E5531. This is the most potent endotoxin inhibitor yet described 110
. It blocks essentially all of 

the responses of animals and humans to endotoxin challenge. Phase 11 - 111 studies in humans are 
underway in septic patients. 

Anticoagulant drugs. 

Here the goal is to prevent or reverse microthrombosis without promoting bleeding or other 
adverse events. As discussed above, the rationale for intervention is strong and the experience with 
anticoagulants, while very preliminary, is rather encouraging 111

• These drugs offer the theoretical 
advantage that their action does not require a cellular intermediary - their target molecules act in the 
plasma space- so the state of cellular activation should be relatively unimportant. In addition, the 
presence of potent anti-fibrinolytic forces in the blood would theoretically reduce the risk of bleeding 
after coagulation is inhibited. 

Antithrombin. AT is a 58 kDa plasma 
glycoprotein (serpin) anticoagulant that inhibits 
factors Xa, thrombin, and many other serine 
proteases. Its activity is greatly enhanced by 
heparin. AT levels are typically reduced in patients 
with FM, and AT infusions have been used in 
several uncontrolled studies 51

•
111

•
112

• In one small 
randomized controlled trial conducted in patients 
with severe sepsis, a positive (beneficial) effect of 
AT Ill infusion was found 113

• Trials are underway in 
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Europe 

114 
and in the U.S. Unfortunately, the anecdotal experience with antithrombin has been so 

positive that it is now being used in an uncontrolled fashion in many countries. 

Antithrombin is thought to bind to a 
glycosaminoglycan, heparan sulfate, on endothelial 
surfaces. Heparan sulfate contains the 
pentasacharide sequence that binds AT and, by 
inducing a conformational change, profoundly 
increases its ability to interact with its target proteases. 
It is thought that this AT -heparan interaction plays a 
physiological role (producing an antithrombogenic 
surface) and that it can be anti-inflammatory by 
inducing the release of prostacyclin 115

. It is also 
possible that antithrombin is anti-inflammatory simply 
because it blocks the action of thrombin, a pro­
inflammatory molecule 116

. 

C4BP 

Protein C ~ .. ~ 
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\ Protein C 
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Activated Protein C. Protein C is a plasma protein. It is activated by thrombin­
thrombomodulin (TM) complexes, and in concert with proteinS, it inactivates factors Va and VIlla. 
Protein C levels are often greatly reduced in patients with FM 51

•
117

·
118

, protein C administration can 
prevent coagulopathy and death in E. coli-infused baboons 119

, and intravenous infusions of a protein 
C concentrate have seemed to benefit some patients 50

·
120

. A trial in children with FM is currently 
underway in the Netherlands. 

TFPI. Tissue factor pathway inhibitor is a 
32-43 kDa, lipoprotein-bound (LDL > HDL >> 
VLDL), Kunitz-type protease inhibitor that binds 
factors VIla and Xa and blocks the ability of the TF­
VIIa-Xa complex to initiate clotting 121

·
122

. 

Circulating levels of TFPI increase dramatically 
following heparin infusion. Levels actually increase 
during FM 30

. TFPI is made by many kinds of cells 
in culture, but in vivo the endothelium may be the 
most important source of the protein 122

• It is 
tethered to the endothelial cell membrane by a GPI 
anchor and may be located (along with urokinase) 
in caveolae 123

• 

The rationale for using TFPI therapeutically is two-fold : (a) given the massive up-regulation of 
TF on monocytes, endothelial cells, and other cell types, even supranormallevels of endogenous 
TFPI may be insufficient to prevent initiation of clotting, and (b) TFPI is an endotoxin-binding ~rotein 
that can block cellular resgonses to LPS 124

. In experimental models of peritonitis in rabbits 1 5 and E. 
coli infection in baboons 1 6

·
127

, TFPI was protective even when treatment was delayed by four hours. 
In baboons (which do not always mimic human responses to endotoxin or bacteria), TFPI infusion can 
prevent both coagulopathy and hypotension 127

. A phase II-III trial of TFPI is now underway in septic 
patients. 

Antibodies to TF have also prevented DIC and death in animal models 128
•
129 without 

attenuating the cytokine response. An active site-inhibited factor VIla (DEGR VIla) attenuated both 
coagulant and cytokine responses to E. coli infusion in baboons 130

, while a monoclonal Fab fragment 
against Factor VIINIIa blocked the early endotoxin-induced coagulation changes in chimpanzees 131

. 

These results support the notion that assembly of TF-Vlla complexes is important in the hemostatic 
responses to bacteria. Inhibition of this pathway does not always block other endotoxin-induced 
responses, such as TNF-a production 126

·
128

•
130

. 
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Hirudin The active anticoagulant in leech saliva, hirudin is a potent thrombin inhibitor. It binds 
thrombin in a 1:1 complex and inhibits not only the conversion of fibrinogen to fibrin, but also all other 
activities of thrombin 132

. Recombinant hirudins lack a sulfate at tyrosine 63 and are called 
desulfatohirudins. Addition of polyethylene glycol to hirudin prolongs its half life, permitting once-a-day 
dosing. Several hirudin analogs are under development 132

. 

Hirudin and its analogs have been tested in several clinical studies in non-septic patients, 
usually in comparison with heparin (and often in combination with tPA or streptokinase), and they 
have generally performed well. Hirudin has also prevented fibrin deposition in animal models of septic 
shock 133,134. 

In addition to its uncertain efficacy in septic patients, hirudin has been associated with 
increased incidence of intracranial hemorrhage in some studies and the recombinant protein is 
expensive 132

• Its place in the anticoagulant armamentarium is unclear. 

Heparin Although several case series failed to show a survival benefit from heparin therapy in 
patients with septic shock or FM 135

, there are reports that children with FM who receive heparin have 
fewer necrotic digits and less cutaneous necrosis than children who do not (summarized in 136 

) . One 
reason that heparin may be ineffective: AT Ill levels are typically low, and heparin further promotes 
the inactivation of AT Ill by neutrophil elastase, which is released into the blood during severe sepsis 
137

. On the other hand, plasma levels of TFPI typically increase following the infusion of heparin. 

Tissue plasminogen activator. Like streptokinase, tPA has been used in a limited number of 
children with FM 138

. Its use has generally been limited to patients who have ischemic limbs. 

Overview: FM and the septic response to invading microbes 

FM is one of the most dramatic syndromes in infectious diseases. "No other infection so quickly 
slays."2 It is also the most extreme, overwhelming syndrome of severe sepsis and septic shock. 
Unlike most other patients who develop severe sepsis, individuals who experience FM are generally 
fit prior to the onset of the illness. They thus have provided an opportunity to study the overwhelming 
host response to bacterial invasion against a normal (and young) physiological background. While it 
can be argued that other forms of severe sepsis are sufficiently different from FM to preclude useful 
generalizations, I think several points may be made: 

1. Anti-inflammatory "priming" may predispose patients to severe sepsis. Patients who undergo 
major surgery or sustain major trauma may experience a state of "immune suppression" in which anti­
inflammatory cytokines dominate in the blood. This state seems to predispose to subsequent 
infection and severe sepsis. If it is true that some individuals react to microbial invasion with a 
primary anti-inflammatory response, identifying these individuals could lead to major improvements in 
the prevention and treatment of patients who are admitted to ICUs, where sepsis remains the leading 
cause of death. 

2. There is a close, highly conserved relationship between inflammation and coagulation. 
Coagulation is a component of the innate host defense toward invading microbes. This reponse is 
hard-wired and ready-to-go; it also includes the alternative complement system and the phagocytes. 
In horseshoe crabs, for example, endotoxin-induced clotting is a major mechanism of protection from 
invading gram-negative bacteria 139

. The Limulus amoebocyte (hemocyte) releases a bouquet of 
clotting factors that, activated by endotoxin, trap invading bacteria. This response is conserved in 
higher animals, with important changes: the monocyte reacts to endotoxin by expressing tissue factor, 
which initiates clotting by engaging extracellular clotting factors on the monocyte surface. 
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Modem recognition of the relationship between inflammation and clotting is generally credited to 
Colvin and Dvorak, who pointed out that fibrin deposition is involved in the delayed hypersensitivity 
response 140. A practical point: anticoagulation with coumadin diminishes the size of delayed 
hypersensitivity skin test reactions (induration) 141 . Coagulopathy thus might account for a state of 
"pseudoanergy" in some patients. 

Conversely, coagulation (e.g., venous thrombosis) induces inflammation; thrombin is probably the 
most pro-inflammatory trigger for this reaction 142. Antithrombins are antiinflammatory as well as 
anticoagulant. 

It is now highly likely that most, if not all, forms of systemic inflammation involve activation of 
coagulation, fibrinolysis, and anti-fibrinolysis. In fact, much has been teamed about the pathogenesis 
of inflammation-induced coagulopathy by studying the responses of human volunteers to intravenous 
infusions of low doses (4 ng/kg) of endotoxin. Following endotoxin infusion, volunteers typically 
experience chills, fever, and myalgias for a few hours. The blood pressure may decrease transiently. 
In general, the infusion is well-tolerated, and there have been no known deaths. 
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Coagulation reponses to endotoxin in 
human volunteers 143. Circulating thrombin­
antithrombin complexes and prothrombin 
fragments (F1 + 2) begin to increase between 90 
- 120 min after an intravenous endotoxin 
infusion, after the peak of TN Fa. and roughly 
coinciding with the peak of IL-6. Factor V 
coagulant activity decreases, probably due to 
cleavage of V by activated protein C 144. There 
is also evidence for activation of the intrinsic 
(contact) pathway 145, which is thought to 
contribute to hypotension, but not so much to 
coagulopathy 86·146. Abnormalities in the blood 
concentrations of the natural anticoagulants are 
not so evident in the mild coagulopathy induced 
by endotoxin infusion. 

Fibrinolytic responses to endotoxin in human volunteers 143'147 (see Figure). Endotoxin also triggers 



endothelial cells to release tPA and PAI-1 . Notably, a rapid increase in tPA activity peaks at 2 hr 
after the endotoxin infusion, and this pro-fibrinolytic stage is followed by an increase in PAI-1 that 
counteracts it, producing net anti-fibrinolysis. 

3. Regardless of the triggering microbe, EC injury and microthrombosis may be the fundamental 
pathological processes that lead to septic organ injury, shock, and death. 
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4. The important reactions in clotting and fibrinolysis occur on cell surfaces. Key initiators and 
regulators of coagulation (TF), anti-coagulation (TM), and fibrinolysis (plasminogen receptors) are 
cell-surface proteins. The catalytic efficiency of clotting enzymes (kcat!Km) can increase by several 
thousand-fold when factor complexes form on negatively charged surfaces 148. Similarly, 
plasminogen is more readily activated after it binds to cellular receptors; the catalytic efficiency of 
bound plasmin exceeds that of free plasmin and bound plasmin is protected from inactivation by fluid­
phase inhibitors. 

The total concentrations of clotting enzyme inhibitors (antithrombin, a2-macroglobulin, a1-
antitrypsin) in blood far exceed the clotting enzyme concentrations that could be achieved 148. Having 
coagulation enzyme complexes form on membrane surfaces favors high local enzyme concentrations 
and allows clotting to occur more efficiently. Similar concepts apply to fibrinolysis. Both systems are 
evidently designed to localize clotting to specific vascular beds and to avoid propagation of clots in the 
fluid phase. 

• inflammatory and clotting events that occur in tissues and are concentrated on cell surfaces may 
not be accurately measured by studying the composition of the peripheral blood. This would apply 
to all forms of severe sepsis. 

• meningococci may be so profoundly provocative to humans because they adhere to and invade 
the vascular endothelium, directly eliciting pro-coagulant responses. In other forms of sepsis, 
endothelial damage may result from activation by circulating endotoxin, cytokines, etc., and be 
less severe than in FM. Other microbes that invade endothelial cells (such as rickettsiae) do not 
release endotoxin - perhaps this accounts for the lower incidence of profound coagulopathy seen 
with these pathogens. 

5. There is a genetic component to susceptibility to severe sepsis and/or septic shock. Identifying 
polymorphisms that contribute to a "high risk" profile may allow physicians to know which patients are 
most likely to develop severe sepsis. Forward-looking academic ICU physicians are banking DNA 
from their patients, so that this DNA can be analyzed for such polymorphisms (markers)--those 
discussed here as well as others certain to be identified in the future. At some point there should be 
enough information from such studies to allow useful prognostication. We should try to find ways 
(patterns of polymorphisms) that will identify those patients who, if infected, will develop severe 
sepsis. Then we can target our efforts toward preventing infection, and/or early recognition of 
infection/ inflammation. Since sepsis often progresses through recognizable stages 149, it may be 
possible to prevent severe sepsis in many individuals. 

6. Systemic inflammation is regulated by mediators that act on cells. By and large, the pro- and 
anti-inflammatory mediators act by stimulating or inhibiting target cells . If the cells are already 
overwhelmed by abnormal signal information, the impact of circulating cytokines (or their inhibitors) 
may be greatly reduced. In contrast, coagulation and fibrinolysis occur in the extracellular milieu, 
where they are (may be) susceptible to modulation by circulating antagonists, whether or not the 
involved cells are responsive to cytokines or other stimuli. This may offer a therapeutic opportunity. 
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