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Bacterial Meningitis — Still a Dangerous Foe
Author: Connie Goldsmith, RN, MPA

The purpose of this program is to inform nurses about the incidence and causes of bacterial meningitis, its common
symptoms and complications, and prevention and treatment. After studying the information presented here, you will be able to

e Identify the bacteria that cause most cases of bacterial meningitis

in the U.S.
e Describe the common symptoms associated with bacterial meningitis.
e Discuss the vaccines used to prevent bacterial meningitis.
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In April 2004, Andy Marso was on top of the world. The 22-year-old was due to graduate from Kansas University in a few
weeks, and he'd already landed his dream job, as a sportswriter. One night he went to bed with what he thought was the flu.
The next morning, friends found Marso with a high fever and purple blotches covering much of his body. They carried the
nearly unconscious young man to the university clinic, where he was immediately airlifted to a regional medical center. By
noon, he’d been diagnosed with meningococcal meningitis and sepsis, and was fighting for his life in the ICU. After 141 days
in the hospital and 10 surgeries to remove gangrenous toes and fingers, Marso still faced months of rehab learning how to

work with his new prosthetic devices.'

Bacterial meningitis is uncommon in the U.S.; only 2,000 to 3,000 people develop meningococcal meningitis each year, and

an estimated 3,000 to 6,000 contract pneumococcal meningitis.2 Yet bacterial meningitis elicits extensive media attention
because people can go from seemingly healthy to near death within 24 hours. Few infectious diseases match this virulence.

Nurses must be able to recognize symptoms that could indicate meningitis to expedite testing and treatment. Nurses can also
educate others, especially parents and child care workers, about symptoms that should raise suspicions of meningitis.

While many organisms can cause meningitis, this module focuses on bacterial meningitis. Even with the best care, the
mortality rate for bacterial meningitis and associated septicemia is high. Many survivors are left with serious sequelae,
including deafness, blindness, impaired mental capacity, renal failure, and loss of fingers, toes, and even entire limbs.



The brain and spinal cord are surrounded by the meninges (dura mater, arachnoid, and pia mater). The meninges, along with
the cerebrospinal fluid (CSF), cushion and protect the brain and spinal cord. Meningitis is an inflammation of the meninges,
usually as the result of an infection of the CSF. Rarely, meningitis may result from an adverse reaction to medications or
chemicals. While the term spinal meningitis is sometimes used, it is inaccurate. Since CSF circulates through the brain as
well as the spinal canal, an infection of the CSF is not limited to the spinal area.

Meningitis can be classified by the onset of its symptoms as acute meningitis (less than 24 hours), subacute (one to seven
days), or chronic (more than seven days).3 Acute meningitis is usually due to bacteria. Subacute and chronic meningitis may

be due to other pathogens, as well as bacteria.3 Bacterial meningitis typically starts when organisms in the nasopharynx
penetrate the mucous barrier and epithelial cells, and enter the bloodstream to cause bacteremia. In some cases, bacterial
meningitis follows viral respiratory infections, which are believed to weaken the epithelium. The meninges and CSF
occasionally are directly infected during surgery or trauma.

Blood is populated by numerous protective mechanisms, such as antibodies, white blood cells, and complement (specialized
proteins that play a vital role in the immune response). In contrast, CSF has a dearth of these important cells and proteins
and so cannot mount a prompt defense against bacterial seeding. Once in the CSF, bacteria initially flourish virtually without

opposition.3

As bacteria replicate, components of their cell walls kick off a complex cascade of events that result in increased permeability
of the blood-brain barrier, cerebral edema, and inflammatory mediators, such as tumor necrosis factor and prostaglan-dins.
As bacteria and inflammatory cells accumulate, exudates extend throughout the meninges and surface of the brain. The
exudates may damage cranial nerves; obliterate CSF pathways, thereby causing obstructive hydrocephalus; and induce

vasculitis and thrombophlebitis leading to localized cerebral ischemia.®

As intracranial pressure (ICP) continues to rise and cerebral edema progresses, the autoregulatory processes of the central
nervous system falter. Cerebral blood flow decreases as ICP and cerebral edema climb. Without medical intervention death
occurs from diffuse cerebral edema or from associated systemic complications, such as septicemia and shock. Any
discussion of meningitis must include a discussion of the septicemia that so often accompanies it. While bacteremia leads to
meningitis, it does not always progress to septicemia. For example, meningococcal meningitis can occur with or without
meningococcal septicemia, and meningococcal septicemia can occur without meningitis, and does so, 5% to 20% of the

time.2:4

Some bacteria that cause meningitis, especially meningococci, shed bubbles of poisonous endotoxin as they circulate in the
blood. The bubbles seem to act as decoys, making it hard for the immune system to identify the bacteria. Antibiotics have no
effect on endotoxin; in fact, bacteria release even more endotoxin as they die.

Endotoxin has two major effects on the body. First, it weakens the myocardium, leading to decreased cardiac output,
systemic hypoxia, and shock. Secondly, endotoxin leads to disseminated intravascular coagulation (DIC). As white blood cells
engulf the bacteria, endotoxin makes them sticky. The cells adhere to and damage blood vessel linings. The body tries to

repair the damage, but endotoxin disrupts clotting mechanisms.* Tiny clots form in vessels all over the body. The vessel walls
disintegrate, letting blood leak into surrounding tissue, damaging organs, such as the kidneys and lungs. The distinctive
petechial rash of meningococcal sepsis results from bleeding under the skin. The rash does not blanch when pressed.

Before vaccines and antibiotics became available, bacterial meningitis was nearly always fatal. People become ill by contact
with infected people or asymptomatic carriers, or by autoinoculation of their own colonized bacteria. While many bacteria can

cause meningitis or septicemia, only these species cause significant disease in the u.s.3

Haemophilus influenzae (in unvaccinated children and adults)
Neisseria meningitidis (infants, adolescents, and young adults)
Streptococcus pneumoniae (all ages except newborns)
Streptococcus agalactiae (newborns)

H. influenzae: While there are six serotypes (represented by differences in the polysaccharide capsules surrounding the

bacteria) of H. influenzae, 95% of infections are caused by serotype B (Hib).2 Humans are the only reservoir for the bacteria,
which may asymptomatically colonize the nasopharynx. Hib is believed to be spread by respiratory droplets. The most

common types of invasive Hib disease are meningitis, epiglottitis, pneumonia, septic arthritis, and cellulitis.? The mortality rate
for Hib meningitis is 2% to 5%, and up to 30% of survivors are left with hearing impairment or other neurological sequelae.?



In the early 1980s, invasive Hib disease occurred largely in children under age 5, with the majority of cases occurring during
the first year of life.2 In the prevaccine era, as many as one in 200 children under age 5 developed Hib infection.? Today, the
routine vaccination of infants has reduced the incidence by an astonishing 99%.2

N. meningitidis: Thirteen serotypes of N. meningitidis (commonly called meningococcus) exist, but most invasive disease is
caused by serotypes A, B, C, Y, and W-135.2 Humans are the only reservoir of meningococcus, which asymptomatically

colonize the nasopharynx of 10% of adults and adolescents.? Transmission is by respiratory droplets or contact with infected
saliva. Meningococcal disease is the only bacterial meningitis known to cause widespread outbreaks or epidemics although
they generally occur only in Africa’s meningitis belt — a continentwide swathe of the sub-Sahara.

The most common meningococcal infections are meningitis, septicemia, pneumonia, septic arthritis, and otitis media.2 Even
with antibiotics, the fatality rate for meningococcal meningitis remains at 9% to 12% while meningococcal septicemia kills up

to 40%.2 About 20% of people with meningococcal disease are left with serious complications, such as hearing loss,
neurologic impairment, and in the case of septicemia associated with DIC, kidney damage and loss of digits, hands, feet, or

limbs.2

The incidence of meningococcal disease is greatest in infants younger than 12 months.2 The incidence declines during
childhood, only to peak again in adolescence and young adulthood. Nearly 30% of meningococcal disease occurs in the 12-

to-29 age group, with ages 17 to 20 having twice the incidence as the overall U.S. population.2 For unknown reasons, fatality
rates among people 15 to 24 years old are up to five times higher than in the general population.5

Lifestyle factors are believed to contribute to the higher incidence of meningococcal disease among young adults. These
include crowded living conditions (especially freshmen living in college dorms), the sharing of items that touch the mouth

(eating utensils and beverages), smoking, irregular sleeping habits, drinking alcohol, and kissing.5 One new study shows that
kissing multiple partners quadruples a teen'’s risk of developing meningococcal meningitis.6

The two vaccines available in the U.S. for meningococcal disease offer protection only against serotypes A, C, Y, and W-
135.25 There is no approved vaccine for serotype B, which causes about one-quarter of the cases of meningococcal disease
in this country, but several vaccines are in clinical trials.®

S. pneumoniae: There are 90 serotypes of S. pneumoniae, commonly called pneumococcal disease.? Seven serotypes
cause between 50% and 80% of pneumococcal infections.2 Humans are believed to be the only reservoir of pneumococcus,

which asymptomatically inhabit the nasopharynx of up to 70% of people (varies by age).2 Transmission occurs by direct
contact with respiratory droplets.

The most common forms of pneumococcal disease are pneumonia, meningitis, septicemia, and otitis media.2 Pneumococcal
disease causes between 13% and 19% of bacterial meningitis in the U.S.2 Cochlear implants are a new risk factor for
pneumococcal meningitis; children with the implants are 30 times more likely to develop pneumococcal meningitis.z'7

The highest rates of pneumococcal disease used to occur in children under age 2 as a previous vaccine did not protect
children in that age group. Since the introduction of a newer vaccine in 2000, invasive pneumococcal disease in young

children has fallen 89%.2 The vaccine for adults prevents 60% to 70% of pneumococcal disease.? Yet even with vaccines
and advanced medical care, about 30% of people with pneumococcal meningitis die; mortality approaches 80% among the

eIderIy.2

S. agalactiae: Known as group B strep (GBS), S. agalactiae is normally present in the genital and Gl tracts of 10% to 35% of
adults of both sexes.8 Newborns contract GBS infections while passing through the birth canal.8 If the membranes rupture
early, bacteria may travel upward and infect the baby before delivery.8 GBS causes septicemia, meningitis, and pneumonia in
newborns. About 5% of infants infected with GBS die; survivors may loose sight or hearing or have mental retardation.®

Today, vaginal swabs of pregnant women are taken at 35 to 37 weeks gestation and tested for GBS. Woman positive for
GBS receive preventive antibiotics during labor and delivery. The rate for newborn invasive GBS has fallen from 1.7 per 1,000
live births to .04 per 1,000 live births since this process was instituted.

Possible bacterial meningitis is a medical emergency.10 A patient may present to the ED with the classic triad of meningitis



symptoms: fever, nuchal rigidity, and impaired level of consciousness (lethargy, confusion, aggression). Two-thirds of adults

display the triad while younger patients are less likely to do 50.10 Other common symptoms include severe headache,
photophobia, seizures, vomiting, and, in the case of meningococcal meningitis, petechiae and purpura.

Lumbar puncture confirms bacterial meningitis. Normal CSF is clear; with bacterial meningitis, the fluid is cloudy because of
an extremely high number of white blood cells, elevated protein, and bacteria.’® CSF pressure will be elevated above the

normal 80 to 180 mm H20.10 Other diagnostic procedures include CSF for cell count, glucose, and culture to identify the
causative organism; brain CT or MRI; chest X-ray (about half of patients with pneumococcal meningitis have pneumonia, as

well); and blood work (electrolytes, liver and renal panels, blood counts, coagulation profile, etc.).3'4

Initial care in the ED involves support of airway, breathing, and circulation and timely administration of antibiotics,
anticonvulsants, and antipyretics as indicated.® Some sources recommend antibiotics be initiated within 30 minutes, yet in

one study, the median time between arrival at the ED and administration of antibiotics was four hours.31! Ongoing evaluation
includes monitoring vital signs and level of consciousness using a universal tool such as the Glasgow Coma Scale and

assessment of cranial nerve function.!9

Patients are promptly transferred to the ICU for multisystem support. They receive fluids, electrolytes, antibiotics, and
medications to manage blood pressure, fever, and pain. Steroids such as dexamethasone have been shown to reduce

mortality and morbidity, but remain controversial.*11 Patients with severe septicemia may receive drotrecogin alfa (Xigris),
which mitigates certain clotting activities.*

These patients will often have arterial lines and Swan-Ganz catheters. ICP may be continuously monitored and CSF drained
to maintain the desired reading. Cooling blankets and ventilator support may be required. Acute renal failure is common with

meningococcal meningitis, and hemodialysis may be needed.* Plasmapheresis and hemofiltration may help in ridding the

blood of circulating bacteria and endotoxin. Care for these patients has led to improved outcomes, but all too often bacterial
meningitis and septicemia leave survivors with disabilities.

Vaccination can prevent many cases of bacterial meningitis. CDC recommendations are given below. (People with
compromised immune systems and certain medical conditions require a modified vaccination schedule.)2’12'13

e H. influenzae serotype B: Several vaccines are approved for Hib disease. The primary series includes vaccination at 2
and 4 months (and at 6 months depending on the vaccine). All children should have an Hib booster at 12 to 15
months.

e N. meningitidis: Two vaccines are approved for meningococcal disease. The newer meningococcal conjugate vaccine
A, C, Y, and W135 (Menactra) should be given to children at age 11 or 12, to unvaccinated children at age 15, and to
all college freshmen living in dorms. It is also approved for people ages 11 to 55 at increased risk for the disease. The
older vaccine, meningococcal polysaccharide vaccine, groups A, C, Y and W-35 (Menomune), is recommended for
children ages 2 to 10 with certain medical conditions and for high-risk adults at any age if Menactra is unavailable.

e S. pneumoniae: Two vaccines are approved for pneumococcal disease. Pneumococcal 7-valent conjugate vaccine
(diphtheria CRM197 protein) (Prevnar), which protects against the seven serotypes that most often cause disease in
children, is given at 2, 4, and 6 months of age, with a booster at 12 to 15 months. It is also recommended for certain
high-risk children between 24 and 59 months. Pneumococcal vaccine polyvalent (Pneumovax), which protects against
23 serotypes, is recommended for adults age 65 and older. One or two lifetime doses are recommended for high-risk
children (over age 2) and adults, for example, a 55-year old man with COPD. People who received their first dose of
Pneumovax before 65 need a one-time booster.

Nurses may encounter patients with meningitis symptoms in the community, in provider offices, and in the ED. They may
supervise postexposure care, such as the administration of preventive antibiotics to contacts of confirmed meningitis patients.
These include family members, people with physical contact such as child care staff and close friends, and health workers.

Nurses can educate the pubic about meningitis symptoms and the value of vaccination. A new study from the U.K. suggests
that rather than watching for rash and the meningitis triad, earlier, more subtle signs can be detected. In the U.K., where
meningococcal meningitis and septicemia are the most common infectious cause of death in children, researchers
retrospectively found that 72% of children developed leg pain, cold hands and feet, and abnormal skin color at a median of

eight hours; classic meningitis symptoms did not develop until 13 to 22 hours.' Earlier detection may lead to better
outcomes.



Bacterial meningitis remains a dangerous foe. With knowledge of preventive measures (including good hygiene and
vaccination) and awareness of early symptoms, the impact of meningitis on children and young people can be greatly
reduced.
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