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Prevention of Meningococcal Disease

Pierce Gardner, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A previously healthy 18-year-old college freshman presented to an emergency depart-
ment with acute onset of fever and headache. He was listless and in distress. His temper-
ature was 40.0°C, his pulse was 140 per minute, his blood pressure was 70/40 mm Hg,
and his respirations were 35 per minute. Petechiae were noted over his thorax. Menin-
gococcal septicemia was suspected (and subsequently confirmed by the growth of
Neisseria meningitidis serogroup C isolated from blood). Despite the prompt adminis-
tration of antibiotics and other support, the patient’s illness was fulminant and he
died 12 hours after the onset of the symptoms. Should he have previously received
meningococcal vaccine, and what measures should be taken to protect his close con-
tacts and his community?

THE CLINICAL PROBLEM

In the United States, the occurrence of a death from meningococcal disease is dev-
astating to the family and the community of the person who died and elicits a
strong demand for preventive measures from clinicians and the public health sec-
tor. Preventive strategies include antimicrobial chemoprophylaxis for close contacts
of patients with invasive meningococcal disease and, in certain circumstances, im-
munization of the community with meningococcal vaccine.

EPIDEMIOLOGY OF NEISSERIA MENINGITIDIS
Neisseria meningitidis commonly colonizes the nasopharynx in humans and is trans-
mitted by direct contact with large-droplet respiratory secretions. In a 32-month
community-based study, N. meningitidis was isolated from 18% of persons from
whom serial specimens were obtained.* Colonization may be transient, intermittent,
or long-term, and the prevalence may increase in the presence of conditions such as
concomitant upper respiratory tract infection, crowded living conditions, and smok-
ing.2 Colonization induces an immunologic response to N. meningitidis (as do certain
organisms in the enteric flora that have cross-reacting antigens), so that by young
adulthood, the majority of people in the United States have measurable antibody to
the pathogenic serogroups of N. meningitidis (A, B, C, Y, and W-135).3->

Invasive meningococcal disease is most often manifested by the development
of meningitis or meningococcemia. The disease occurs most commonly in persons
who are seronegative and have newly acquired N. meningitidis.® Entry into a new
environment of crowded conditions (such as an educational institution or a mili-
tary training camp) is the classic high-risk setting. For example, in a study of a
military base involving 492 recruits,? 13 recruits were initially seronegative and
subsequently became colonized with N. meningitidis; invasive meningococcal dis-
ease developed in 5 of them within 10 days after colonization was detected. Given
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the short interval between the acquisition of the
organism and clinical infection, the immediate
focus of prevention is prompt chemoprophylaxis
for close contacts of a patient with invasive me-
ningococcal disease.

Given the high rates of colonization with
N. meningitidis, invasive meningococcal disease is
surprisingly uncommon in the United States. Ap-
proximately 2500 cases (0.5 to 1.1 per 100,000
population) occur annually. The case fatality rate
is approximately 10%, and substantial sequelae
occur in about 11 to 19% of survivors (mainly be-
cause of neurologic damage and complications
resulting from disseminated intravascular coagu-
lation).? The highest rate of disease occurs among
the very young (Fig. 1), but 62% of cases occur in
individuals 11 years of age or older. Factors that
increase colonization, such as an antecedent up-
per respiratory tract infection, household crowd-
ing, and both active and passive smoking, are as-
sociated with an increased risk of meningococcal
disease.? Disease rates are higher among the poor
and among black persons,? although these in-
creases are attributable to other risk factors. Other
groups at increased risk for invasive meningococ-
cal infection include persons with anatomical or
functional asplenia or a deficiency in the terminal
common complement pathway (C3 and C5 to C9),
microbiologists routinely exposed to N. meningiti-
dis, and travelers to regions where meningococ-

cal disease is epidemic or hyperendemic, such
as Saudi Arabia or sub-Saharan Africa.”

Of the five pathogenic serogroups of N. men-
ingitidis (A, B, C, Y, and W-135), those dominant in
the United States are B, C, and Y, each accounting
for approximately one third of the total cases, with
B overrepresented among young children and Y
overrepresented among the elderly.2

Sporadic cases of meningococcal disease ac-
count for more than 98% of cases.? Outbreaks
(defined as 3 or more cases of the same serogroup
but not among persons in close contact with one
other, occurring within 3 months of one other
and resulting in an attack rate of greater than 10
cases per 100,000 population) are uncommon but
are highly disruptive to the community and to
health care systems. Of 76 outbreaks identified
in the United States during an 8-year period, ap-
proximately 34% were community based and ap-
proximately 65% occurred in colleges and univer-
sities, primary and secondary schools, and nursing
homes.? Students recently arrived at college who
are living in dormitories have modestly elevated
rates of meningococcal disease (5.1 per 100,000
population), but after the first year, the rates are
no longer elevated and the overall rate among all
undergraduate college students (0.7 per 100,000
population) is lower than that among persons of
similar age who are not enrolled in college (1.4
per 100,000 population).2

~
1
Rate per 100,000

2.5

2.0+

55

1.0

0.5

Rate of Meningococcal Disease/100,000 Population

<1 1 2-4 529

Age Group (yr)

T T T
10-13 14-17 18-24 25-64 =65

and Prevention.?

Figure 1. Rate of Meningococcal Disease in the United States, According to Age, 1991-2002.
The inset shows the rate among teenagers and young adults. Data are from the Centers for Disease Control
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STRATEGIES AND EVIDENCE

ANTIMICROBIAL CHEMOPROPHYLAXIS
The most urgent priority for prevention after a case
of meningococcal disease has been identified is
to treat the patient’s close contacts with an effec-
tive antimicrobial agent to eradicate potential
colonization by N. meningitidis. The definition of
“close contact” is not precise, but it is intended to
include persons who have had prolonged (8 hours
or more) contact while in close proximity (3 ft is
the general limit for large-droplet spread) to the
patient or who have been directly exposed to the
patient’s oral secretions (e.g., through prolonged
face-to-face contact, mouth-to-mouth resuscita-
tion, kissing, or management of an endotracheal
tube) within 1 week before the onset of the pa-
tient’s symptoms until 24 hours after appropri-
ate antimicrobial therapy has been initiated. Such
persons typically include members of the house-
hold and roommates, persons at a child-care cen-
ter, and others who have had prolonged exposure
to the infected patient (e.g., travelers on an air-
plane seated next to the patient for more than
8 hours).® Classmates and coworkers are not in-
cluded unless they meet the criteria for close con-
tact. Close contacts who have previously received
meningococcal vaccination should still be given
chemoprophylaxis, because the vaccines do not
confer 100% protection and immunity wanes
with time.

Table 1 summarizes the antimicrobial regimens
recommended by the Centers for Disease Con-

trol and Prevention (CDC) for prophylaxis on the
basis of their efficacy (90 to 95%) in eradicat-
ing nasopharyngeal carriage of N. meningitidis and
the almost complete absence of secondary cases
among close contacts who have received antimi-
crobial chemoprophylaxis.? Preliminary evidence
suggests that azithromycin may be similarly effec-
tive,° although confirmatory data are needed.

Ideally, chemoprophylaxis should be started
within 24 hours after the index case has been
identified, although diminishing levels of bene-
fit may still be realized even with delays of up to
2 weeks.? Chemoprophylaxis after 2 weeks adds
little benefit, presumably because the development
of protective immunity in response to the colo-
nizing N. meningitidis obviates the need for anti-
microbial agents. Despite heavy community pres-
sure to “do something” immediately in response to
a death from meningococcal disease, mass chemo-
prophylaxis in those who have not been in close
contact with an infected person is unwarranted
and is not recommended. However, in limited
settings (e.g., a single school) in which cases of
infection continue to occur, broad chemoprophy-
laxis may be considered.** In such settings, all
targeted persons should receive chemoprophylaxis
at the same time in order to avoid “ping-pong”
reinfection.

MENINGOCOCCAL VACCINES
Vaccination is recommended to provide preexpo-

sure immunity in populations such as college stu-
dents, adolescents, and other persons at an in-

Table 1. Regimens of Chemoprophylaxis against Meningococcal Disease.*

Medication
Age, <1 mo

Rifampin (Rifadin, Merrell;
Rimactane, Ciba-Geigy){

5 mg/kg of body weight
every 12 hr orally for
2 days

Ciprofloxacin (Cipro, Bayer)i

Ceftriaxone (Rocephin,
Roche)

125 mg once IM

Dose for Children

Dose for Adults
Age =1 mo
10 mg/kg of body weight 600 mg every 12 hr orally
every 12 hr orally for for 2 days
2 days

500 mg orally once

125 mg once IM 250 mg once IM (for those

=15 yr of age)

* Data are from the CDC.? IM denotes intramuscular.

7 Rifampin is not recommended for pregnant women because of teratogenicity in studies in animals. Because this drug
could decrease the reliability of oral contraceptives, patients should consider using alternative contraceptive measures

while receiving rifampin.

i Ciprofloxacin is not usually recommended for persons younger than 18 years of age or for pregnant or lactating women,
because studies in animals have shown it causes cartilage damage in immature animals. The drug can be used for
chemoprophylaxis in children when no acceptable alternative is available. There have been no reports of irreversible
adverse effects in cartilage or age-associated adverse events among children and adolescents.®
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Table 2. Persons at Increased Risk for Meningococcal Disease for Whom Immunization Is Recommended.*

College freshmen living in dormitories

Microbiologists routinely exposed to Neisseria meningitidis

Military recruits

Populations in which an outbreak of meningococcal disease occurs

Persons with increased susceptibility (those with anatomical or functional asplenia or a terminal complement deficiency)

Travelers to regions where N. meningitidis is hyperendemic (e.g., sub-Saharan Africa and Saudi Arabia) or epidemicy

* The Advisory Committee on Immunization Practices also makes permissive recommendations for other persons not
recognized as being at increased risk but who may elect to be vaccinated. Such persons include adolescents not cov-
ered in the initial rounds of immunization at the age of 11 years or on entry into high school, college students other
than freshmen living in dormitories, and persons infected with the human immunodeficiency virus. The recommenda-
tions do not specifically address other groups among whom an increased prevalence of meningococcal disease has
been noted, including black persons, persons of low socioeconomic status, those living in crowded conditions, and

smokers. Data are from the CDC.?

7 Travelers may consult the CDC online (at www.cdc.gov/travel) or call the CDC Travelers’ Health Automated Information

Line (at 877-FYI-TRIP).

creased risk for meningococcal infection (Table 2).
It is also used to control outbreaks caused by sero-
groups A, C, Y, and W-135 of N. meningitidis. Be-
cause protective levels of antibody are not achieved
until 7 to 10 days after the primary immuniza-
tion (the period of greatest vulnerability after close
contact with an infected person), vaccination is
not an essential component of immediate dis-
ease prevention for close contacts of patients with
sporadic cases.

Two meningococcal vaccines, each containing
antigens to serogroups A, C, Y, and W-135, are li-
censed for use in the United States. A major limita-
tion of these vaccines is that neither provides im-
munity against serogroup B, which is responsible
for approximately one third of cases of meningo-
coccal disease. Both vaccines elicit protective lev-
els of bactericidal antibody to all four serogroups
in more than 97% of recipients (as measured at
28 days). Both vaccines can be given with other
vaccines. Mild-to-moderate local reactions at the
injection site and minor systemic symptoms (i.e.,
headache, fatigue, malaise, and low-grade fever)
may occur after receipt of either vaccine.

The first vaccine, meningococcal polysaccha-
ride vaccine (MPSV4 or Menomune, Sanofi Pasteur),
has been available for more than 25 years.'? It
is approved for use in all age groups for which
meningococcal vaccine is currently recommend-
ed. The vaccine is safe and offers protection of
approximately 90 to 95% for a limited period.
However, the vaccine has several limitations. The

duration of protection is short (1 to 3 years in
children younger than 5 years of age'>'* and 3 to
5 years in adolescents and adults). Like other poly-
saccharide vaccines (e.g., against Streptococcus pneu-
moniae and Haemophilus influenzae type b), it does
not generate memory T cells, and attempts to
boost protection with repeated vaccination may
result in a diminished antibody response.*>1° Also,
like other polysaccharide vaccines, this menin-
gococcal vaccine does not prevent mucosal colo-
nization and therefore does not provide herd
immunity through interrupted transmission of
N. meningitidis.*”1® These features make this vac-
cine a reasonable option for persons requiring
protection for a limited time (travelers to an area
of endemic disease, college freshmen, atrisk per-
sons in community outbreaks) but limit its use in
broad public health programs. The most impres-
sive illustration of the protective effect of the
polysaccharide meningococcal vaccines has been
the experience of the U.S. Army, which in the
early 1970s initiated the routine immunization of
all recruits, thereby resulting in a sustained re-
duction in the incidence of meningococcal dis-
ease (Fig. 2).%°

The second vaccine, meningococcal conjugate
vaccine A, C, Y, and W135 (MCV4 or Menactra,
Sanofi Pasteur), was approved in January 2005 for
use in persons 11 to 55 years of age. It contains the
same antigens as those in the meningococcal poly-
saccharide vaccine conjugated to 48 ug of diphthe-
ria toxoid.? This vaccine elicits an initial antibody
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Figure 2. Frequency and Rate of Hospitalization for Meningococcal Disease among Members of the U.S. Army,
1964-1998.
Data are from the Department of Defense.*®

response that is similar to that of the polysaccha-
ride vaccine but is more durable, and revaccination
can elicit a rise in antibody level. By analogy to
other conjugate vaccines, it is likely (but not yet
proved) that this vaccine will provide more dura-
ble protection than the meningococcal polysac-
charide vaccine and will reduce nasopharyngeal
carriage, thereby interrupting the transmission of
N. meningitidis and establishing herd immunity.
In the United Kingdom, where since 1999 chil-
dren 1 to 17 years of age have routinely received
a serogroup C conjugate vaccine, serogroup C
meningococcal disease has been almost totally
eliminated among vaccine recipients and dramati-
cally reduced among unvaccinated persons.2%2
The advantages of the meningococcal conju-
gate vaccine have led the Advisory Committee
on Immunization Practices (ACIP) of the CDC to
broaden extensively its recommendations for use
of meningococcal vaccines.? Whereas previous
recommendations focused on short-term protec-
tion in certain persons and high-risk groups, the
new recommendations seek to interrupt the trans-
mission of N. meningitidis by immunizing all ado-
lescents with the meningococcal conjugate vac-
cine, beginning with children 11 to 12 years of age,
supplemented by a catch-up program at entry into
high school (among those not previously immu-
nized). If this strategy were fully implemented, the

immunization of all children 11 to 19 years of
age would be accomplished by 2008. By extrapo-
lation from the British experience with the con-
jugate meningococcal C vaccine, this strategy is
predicted to reduce invasive meningococcal dis-
ease by 32%. The program will be expensive, how-
ever. Even assuming (generously) that some ben-
efit may last for as long as 22 years, the estimated
cost is $633,000 per case averted and $5.0 million
per death prevented.??

Either of these two vaccines is recommend-
ed for use in the control of outbreaks caused by
N. meningitidis serogroups A, C, Y, and W-135.2
Because of its superior booster effect, the conju-
gate vaccine is preferred when revaccination is
indicated for persons who had previously received
the meningococcal polysaccharide vaccine and
who remain at increased risk. Long-term studies
are needed to determine the need for boosters in
those initially immunized with the meningococ-
cal conjugate vaccine.

AREAS OF UNCERTAINTY

Many of the assumed advantages of the conjugate
vaccine (long-term immunity, decreased nasopha-
ryngeal carriage, and herd immunity) are based
on experience with other conjugated polysaccha-
ride vaccines and require confirmation. Because
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62% of the cases of meningococcal disease in the
United States occur in children younger than 11
years of age, a comprehensive approach to prevent-
ing meningococcal disease will need to address
children younger than 11 years. Conjugated poly-
saccharide vaccines against H. influenzae type b and
certain pneumococcal serogroups have been shown
to be effective in inducing immunity in children
as young as 6 months of age and in lessening the
transmission of these pathogens to nonimmunized
populations. Preliminary studies suggest that the
conjugated meningococcal vaccines elicit protec-
tive immune responses in infants and young chil-
dren, and the licensure of Menactra for use in
young children is anticipated.?> However, the lack
of an effective vaccine for serogroup B meningo-
coccus (the cause of more than 50% of cases
among infants and young children) limits the po-
tential effect of immunization strategies in in-
fants and young children.

A theoretical concern is that a reduction in
the transmission of certain serogroups of N. men-
ingitidis by vaccination may lead to replacement
by other serogroups not covered by the vaccine
(especially serogroup B). This was not observed
in the United Kingdom after the broad immuni-
zation of children with a serogroup C meningo-
coccal vaccine. However, for both H. influenzae
type b and the vaccine-related pneumococci, a
modest degree of serogroup replacement has oc-
curred since the implementation of routine pedi-
atric immunization, and this possibility will need
to be tracked for N. meningitidis.

Implementation of the plan for universal im-
munization of adolescents has been hampered by

logistical shortcomings in reaching adolescent
populations and by vaccine shortages. One man-
ufacturer produces both Menomune and Menac-
tra, making the manufacture of the vaccines
particularly vulnerable to production problems.

As of February 2006, the development of the
Guillain—Barré syndrome in eight patients with-
in 2 to 5 weeks after receipt of the conjugate vac-
cine has been reported to the Vaccine Adverse
Event Reporting System of the CDC and the Food
and Drug Administration (FDA).2# This overall
rate appears to be within the expected background
incidence of the Guillain—Barré syndrome (1 to
2 cases per 100,000 population), but the timing
is of concern and has prompted a warning in-
cluded in the package insert for Menactra. The
FDA and the CDC consider the evidence insuffi-
cient to establish a causal association or war-
rant a change in the vaccine recommendations at
this time. However, the Guillain—Barré syndrome
does not appear to be a concern in relation to
the polysaccharide vaccine and pending further
evaluation, some physicians may prefer to use the
polysaccharide vaccine when options exist.

Worldwide, the pattern of the meningococcal
serogroups responsible for disease varies greatly
according to region. In sub-Saharan Africa, major
epidemics of infection with serogroup A menin-
gococcal disease are common and constitute a
major public health threat; limited use of a sero-
group A polysaccharide vaccine in programs of
epidemic control has achieved limited results. The
evaluation of a meningococcal A conjugate vaccine
for both routine immunization and epidemic con-
trol is under way.

Table 3. Recommended Use of Meningococcal Vaccines in Previously Unvaccinated Persons.

General Population

A single dose of meningococcal conjugate vaccine is
recommended for persons 11-12 yr of age or on
entry into high school (approximately 15 yr of age).

Persons at Increased Risk

A single dose of meningococcal conjugate vaccine is
preferred in persons 11-55 yr of age.

A single dose of meningococcal polysaccharide vaccine
is recommended for persons 2-10 yr of age or =55 yr
and is an acceptable alternative to meningococcal
conjugate vaccine in patients 11-55 yr of age.

Vaccination of persons younger than 2 yr of age is not
recommended.*

* Meningococcal polysaccharide vaccine may be used to elicit short-term protection against serogroup A disease in trav-
elers to regions of endemic disease. For children 3 to 18 months of age, the vaccine is given in two doses 3 months
apart, and in a single dose in children 19 to 23 months of age. Data are from the CDC.?
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GUIDELINES

The recommendations of the ACIP for the use of
meningococcal vaccines are summarized in Ta-
bles 2 and 3.2

CONCLUSIONS AND
RECOMMENDATIONS

The rare but tragic case of death from meningo-
coccemia described in the vignette could have
been prevented by immunization with either of
the two meningococcal vaccines. The conjugate
vaccine is currently recommended for use in ado-
lescents and persons 11 to 55 years of age with
disorders or exposures putting them at an in-
creased risk for meningococcal disease. (Because
the approval of the meningococcal conjugate vac-
cine is currently limited to use in persons of these
ages, the meningococcal polysaccharide vaccine
is preferred for persons 2 to 10 years of age and
over 55 years of age.) Challenges to a comprehen-

sive program include the lack of coverage for
serogroup B meningococcal disease by the cur-
rent vaccines, vaccine shortages, logistical issues,
and the high cost per case of illness or death pre-
vented.

When a case of meningococcal disease occurs,
close contacts should be given chemoprophy-
laxis, preferably within 24 hours after the iden-
tification of the infection. Immunization is not
an important component of the acute care of
contacts in the setting of newly diagnosed infec-
tion. However, the anxiety arising from a report
of a case of meningococcal disease provides an
opportunity to promote community compliance
with current recommendations. Population-based
immunization programs are warranted in the
control of outbreaks of meningococcal disease
involving infection with serogroups A, C, Y, and
W-135.

No potential conflict of interest relevant to this article was
reported.

I am indebted to David Lin, M.D., for his contribution to the
research and for his wisdom.
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CORRECTION

Prevention of Meningococcal Disease

Prevention of Meningococcal Disease . In the third paragraph under
the heading “Epidemiology of Neisseria meningitidis” (page 1467),
the fourth sentence should have read “The highest rate of disease
occurs among the very young (Figure 1), but 62% of cases occur in
individuals 11 years of age or older,” rather than “The highest rates
of disease occur among the very young (Fig. 1), and 62% of cases
occur in children younger than 11 years of age.” The text has been
corrected on the Journal’s Web site at www.nejm.org.
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