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Pneumococcal Disease
Streptococcus pneumoniae causes an acute bacterial infec-
tion. The bacterium, also called pneumococcus, was first 
isolated by Pasteur in 1881 from the saliva of a patient 
with rabies. The association between the pneumococcus 
bacterium and lobar pneumonia was first described by 
Friedlander and Talamon in 1883, but pneumococcal pneu-
monia was confused with other types of pneumonia until 
the discovery of the Gram stain in 1884. From 1915 to 1945, 
the chemical structure and antigenicity of the pneumococcal 
capsular polysaccharide, its association with virulence, and 
the role of bacterial polysaccharides in human disease were 
explained. More than 80 serotypes of pneumococci had 
been described by 1940.

Efforts to develop effective pneumococcal vaccines began as 
early as 1911. However, with the advent of penicillin in the 
1940s, interest in the vaccine declined, until it was observed 
that many patients still died despite antibiotic treatment. By 
the late 1960s, efforts were again being made to develop a 
polyvalent pneumococcal vaccine. The first pneumococcal 
vaccine was licensed in the United States in 1977. The first 
conjugate pneumococcal vaccine was licensed in 2000.

Streptococcus pneumoniae
Streptococcus pneumoniae bacteria are lancet-shaped, gram-
positive, facultative anaerobic organisms. They are typically 
observed in pairs (diplococci) but may also occur singularly 
or in short chains. Some pneumococci are encapsulated, 
their surfaces composed of complex polysaccharides. 
Encapsulated organisms are pathogenic for humans and 
experimental animals, whereas organisms without capsular 
polysaccharides are not. Capsular polysaccharides are the 
primary basis for the pathogenicity of the organism. They 
are antigenic and form the basis for classifying pneumococci 
by serotypes. Ninety serotypes have been identified, based 
on their reaction with type-specific antisera. Type-specific 
antibody to capsular polysaccharide is protective. These 
antibodies and complement interact to opsonize pneu-
mococci, which facilitates phagocytosis and clearance of 
the organism. Antibodies to some pneumococcal capsular 
polysaccharides may cross-react with related types as well as 
with other bacteria, providing protection against additional 
serotypes.

Most S. pneumoniae serotypes have been shown to cause 
serious disease, but only a few serotypes produce the 
majority of pneumococcal infections. The 10 most common 
serotypes are estimated to account for about 62% of invasive 
disease worldwide. The ranking and serotype prevalence 
differ by patient age group and geographic area. In the 
United States, the seven most common serotypes isolated 
from blood or cerebrospinal fluid (CSF) of children younger 
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Secular Trends in the United States
Estimates of the incidence of pneumococcal disease have 
been made from a variety of population-based studies. More 
than 40,000 cases and more than 4,400 deaths from invasive 
pneumococcal disease (bacteremia and meningitis) are 
estimated to have occurred in the United States in 2007. More 
than half of these cases occurred in adults who had an indica-
tion for pneumococcal polysaccharide vaccine. In addition, 
there are thousands of cases of nonbacteremic pneumonia, 
and millions of cases of otitis media, which are considered 
noninvasive infections.

The overall incidence of invasive pneumococcal disease (bacte-
remia, meningitis, or other infection of a normally sterile site) 
in the United States in 1998–1999 was estimated to be approxi-
mately 24 cases per 100,000 population. However, incidence 
rates vary greatly by age group. The highest rates of invasive 
pneumococcal disease occur among young children, especially 
those younger than 2 years of age. In 1998, the rate of invasive 
disease in this age group was estimated to be 188 per 100,000 
population; this age group accounted for 20% of all cases of 
invasive pneumococcal disease. Incidence was lowest among 
persons 5–17 years of age, and increased to 61 per 100,000 
population among persons 65 years of age and older. In 2008, 
the overall incidence of invasive pneumococcal disease in the 
United States was 14.5 cases per 100,000 population.

Data from the Active Bacterial Core surveillance (ABCs) system 
suggest that the use of pneumococcal conjugate vaccine has 
had a major impact on the incidence of invasive disease 
among young children. The overall incidence of invasive 
disease among children younger than 5 years of age decreased 
from approximately 99 cases per 100,000 population during 
1998-1999 to 21 cases per 100,000 population in 2008.  The 
reductions in incidence resulted from a 99% decrease in 
disease caused by the seven serotypes in the first pneumo-
coccal conjugate vaccine (PCV7) and serotype 6A, a serotype 
against which PCV7 provides some cross-protection. The 
decreases have been offset partially by increases in invasive 
disease caused by serotypes not included in PCV7, in particular 
19A.

Pneumococcal Vaccines

Characteristics

Pneumococcal Polysaccharide Vaccine
Pneumococcal polysaccharide vaccine is composed of 
purified preparations of pneumococcal capsular polysac-
charide. The first polysaccharide pneumococcal vaccine was 
licensed in the United States in 1977. It contained purified 
capsular polysaccharide antigen from 14 different types of 
pneumococcal bacteria. In 1983, a 23-valent polysaccharide 



239

Pneumococcal Disease

16

vaccine (PPSV23) was licensed and replaced the 14-valent 
vaccine, which is no longer produced. PPSV23 contains poly-
saccharide antigen from 23 types of pneumococcal bacteria 
that cause 88% of bacteremic pneumococcal disease. In 
addition, cross-reactivity occurs for several capsular types 
that account for an additional 8% of bacteremic disease. 

The polysaccharide vaccine currently available in the United 
States (Pneumovax 23, Merck) contains 25 mcg of each 
antigen per dose and contains 0.25% phenol as a preserva-
tive. The vaccine is available in a single-dose vial or syringe, 
and in a 5-dose vial. Pneumococcal vaccine is given by 
injection and may be administered either intramuscularly or 
subcutaneously.

Pneumococcal Conjugate Vaccine
The first pneumococcal conjugate vaccine (PCV7) was 
licensed in the United States in 2000. It includes purified 
capsular polysaccharide of seven serotypes of S. pneumoniae 
(4, 9V, 14, 19F, 23F, 18C, and 6B) conjugated to a nontoxic 
variant of diphtheria toxin known as CRM197. In 2010 a 
13-valent pneumococcal conjugate vaccine (PCV13) was 
licensed in the United States. It contains the 7 serotypes of 
S pneumonia as PCV7 plus serotypes 1, 3, 5, 6A, 7F and 19A 
which are also conjugated to CRM197. A 0.5-mL PCV13 dose 
contains approximately 2.2 μg of polysaccharide from each 
of 12 serotypes and approximately 4.4 μg of polysaccharide 
from serotype 6B; the total concentration of CRM197 is 
approximately 34 μg. The vaccine contains 0.02% polysorbate 
80 (P80), 0.125 mg of aluminum as aluminum phosphate 
(AlPO4) adjuvant, 5mL of succinate buffer, and no thimerosal 
preservative. Except for the addition of six serotypes, P80, 
and succinate buffer, the formulation of PCV13 is the same 
as that of PCV7.

ABCs data indicate that in 2008, a total of 61% of invasive 
pneumococcal disease cases among children younger than 5 
years were attributable to the serotypes included in PCV13, 
with serotype 19A accounting for 43% of cases; PCV7 sero-
types caused less than 2% of cases. 

Immunogenicity and Vaccine Efficacy

Pneumococcal Polysaccharide Vaccine
More than 80% of healthy adults who receive PPSV23 
develop antibodies against the serotypes contained in 
the vaccine, usually within 2 to 3 weeks after vaccination. 
Older adults, and persons with some chronic illnesses or 
immunodeficiency may not respond as well, if at all. In 
children younger than 2 years of age, antibody response to 
most serotypes is generally poor. Elevated antibody levels 
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persist for at least 5 years in healthy adults but decline more 
quickly in persons with certain underlying illnesses.

PPSV23 vaccine efficacy studies have resulted in various 
estimates of clinical effectiveness. Overall, the vaccine 
is 60%–70% effective in preventing invasive disease. The 
vaccine may be less effective in preventing pneumococcal 
infection in some groups, particularly those with significant 
underlying illness. Although the vaccine may not be as 
effective in some persons, especially those who do not have 
normal resistance to infection, it is still recommended for 
such persons because they are at high risk of developing 
severe disease. PPSV23 has not been demonstrated to 
provide protection against pneumococcal pneumonia. For 
this reason, providers should avoid referring to PPSV23 as 
“pneumonia vaccine”.

Studies comparing patterns of pneumococcal carriage before 
and after PPSV23 vaccination have not shown clinically 
significant decreases in carrier rates among vaccinees. In 
addition, no change in the distribution of vaccine-type and 
non–vaccine-type organisms has been observed as the result 
of vaccination.

Pneumococcal Conjugate Vaccine
In a large clinical trial, PCV7 was shown to reduce invasive 
disease caused by vaccine serotypes by 97%, and reduce 
invasive disease caused by all serotypes, including serotypes 
not in the vaccine, by 89%. Children who received PCV7 had 
7% fewer episodes of acute otitis media and underwent 
20% fewer tympanostomy tube placements than did unvac-
cinated children. There is evidence that PCV7 reduces naso-
pharyngeal carriage of pneumococcal serotypes included in 
the vaccine.

PCV13 was licensed in the United States based upon studies 
that compared the serologic response of children who 
received PCV13 to those who received PCV7. These studies 
showed that PCV13 induced levels of antibodies that were 
comparable to those induced by PCV7 and shown to be 
protective against invasive disease. 

In another study of PCV13, children 7-11 months, 12-23 
months, and 24-71 months of age who had not received 
pneumococcal conjugate vaccine doses previously were 
administered 1, 2, or 3 doses of PCV13 according to age-
appropriate immunization schedules. These schedules 
resulted in antibody responses to each of the 13 serotypes 
that were comparable to those achieved after the 3-dose 
infant PCV13 series in the U.S. immunogenicity trial, except 
for serotype 1, for which IgG GMC was lower among children 
aged 24-71 months. 
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Vaccination Schedule and Use

Pneumococcal Polysaccharide Vaccine
Pneumococcal polysaccharide vaccine should be adminis-
tered routinely to all adults 65 years of age and older. The 
vaccine is also indicated for persons 2 years of age and 
older with a normal immune system who have a chronic 
illness, including cardiovascular disease, pulmonary disease, 
diabetes, alcoholism, cirrhosis, cerebrospinal fluid leak, or a 
cochlear implant.

Immunocompromised persons 2 years of age and older 
who are at increased risk of pneumococcal disease or 
its complications should also be vaccinated. This group 
includes persons with splenic dysfunction or absence 
(either from disease or surgical removal), Hodgkin disease, 
lymphoma, multiple myeloma, chronic renal failure, 
nephrotic syndrome (a type of kidney disease), or conditions 
such as organ transplantation associated with immunosup-
pression. Persons immunosuppressed from chemotherapy 
or high-dose corticosteroid therapy (14 days or longer ) 
should be vaccinated. Persons 2 years of age and older 
with asymptomatic or symptomatic HIV infection should be 
vaccinated. Pneumococcal vaccine should be considered for 
persons living in special environments or social settings with 
an identified increased risk of pneumococcal disease or its 
complications, such as certain Native American (i.e., Alaska 
Native, Navajo, and Apache) populations.

In 2008 ACIP added two new indications for pneumococcal 
polysaccharide vaccine for adults 19 years of age and older. 
These new indications are asthma and cigarette smoking. 
These groups were added because of evidence of an 
increased risk of invasive pneumococcal disease. Available 
data do NOT support asthma or cigarette smoking as indica-
tions for PPSV23 among persons younger than 19 years.

If elective splenectomy or cochlear implant is being consid-
ered, the vaccine should be given at least 2 weeks before 
the procedure. If vaccination prior to the procedure is not 
feasible, the vaccine should be given as soon as possible 
after surgery. Similarly, there should also be a 2-week 
interval between vaccination and initiation of cancer chemo-
therapy or other immunosuppressive therapy, if possible.

Providers should not withhold vaccination in the absence of 
an immunization record or complete record. The patient’s 
verbal history may be used to determine vaccination status. 
Persons with uncertain or unknown vaccination status 
should be vaccinated.

The target groups for pneumococcal polysaccharide vaccine 
and influenza vaccine overlap. These vaccines should 
be given at the same time at different sites if indicated, 
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although most recipients need only a single lifetime dose of 
PPSV23 (see Revaccination).

Pneumococcal Conjugate Vaccine
All children 2 through 59 months of age should be routinely 
vaccinated with PCV13. The primary series beginning in 
infancy consists of three doses routinely given at 2, 4, and 6 
months of age. The first dose can be administered as early 
as 6 weeks of age.  A fourth (booster) dose is recommended 
at 12–15 months of age. PCV13 should be administered at 
the same time as other routine childhood immunizations, 
using a separate syringe and injection site. For children 
vaccinated at younger than 12 months of age, the minimum 
interval between doses is 4 weeks. Doses given at 12 months 
of age and older should be separated by at least 8 weeks. A 
PCV schedule begun with PCV7 should be completed with 
PCV13.

A detailed PCV13 vaccination schedule by age and number 
of previous doses is available in the December 2010 PCV13 
ACIP statement.

Unvaccinated children 7 months of age and older do not 
require a full series of four doses. The number of doses a 
child needs to complete the series depends on the child’s 
current age. Unvaccinated children aged 7 through 11 
months should receive two doses of vaccine at least 4 weeks 
apart, followed by a booster dose at age 12 thorugh 15 
months. Unvaccinated children aged 12 through 23 months 
should receive two doses of vaccine, at least 8 weeks apart. 
Previously unvaccinated healthy children 24 through 59 
months of age should receive a single dose of PCV13.

Unvaccinated children 24 through 71 months of age with 
certain chronic medical conditions should receive 2 doses 
of PCV13 separated by at least 8 weeks. These conditions 
include chronic heart and lung disease, diabetes, cerebro-
spinal fluid leak, cochlear implant, sickle cell disease and 
other hemoglobinopathies, functional or anatomic asplenia, 
HIV infection, or immunocompromising conditions resulting 
from disease or treatment of a disease.

A single supplemental dose of PCV13 is recommended for 
all children 14 through 59 months of age who have received 
4 doses of PCV7 or another age-appropriate, complete 
PCV7 schedule.  For children who have an underlying 
medical condition, a single supplemental PCV13 dose is 
recommended through 71 months.  This includes children 
who have received PPSV23 previously. PCV13 should be 
administered at least 8 weeks after the most recent dose of 
PCV7 or PPSV23. This will constitute the final dose of PCV for 
these children.
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A single dose of PCV13 may be administered for children 
6 through 18 years of age who have not received PCV13 
previously and are at increased risk for invasive pneumo-
coccal disease because of anatomic or functional asplenia 
( including sickle cell disease), immunocompromising 
conditions such as HIV-infection, cochlear implant, or 
cerebrospinal fluid leaks, regardless of whether they have 
previously received PCV7 or PPSV23.  Routine use of PCV13 
is not recommended for healthy children aged ≥5 years.

Children who have received PPSV23 previously also should 
receive the recommended PCV13 doses.  Children 24 
through 71 months of age with an underlying medical 
condition who received fewer than 3 doses of PCV7 before 
age 24 months should receive a series of 2 doses of PCV13 
followed by 1 dose of PPSV23 administered at least 8 
weeks later.  Children 24 through 71 months of age with an 
underlying medical condition who received any incomplete 
schedule of 3 doses of PCV7 before age 24 months should 
receive 1 dose of PCV13 followed by 1 dose of PPSV23 
administered at least  8 weeks later.  When elective splenec-
tomy, immunocompromising therapy, or cochlear implant 
placement is being planned, PCV13 and/or PPSV23 vaccina-
tion should be completed at least 2 weeks before surgery or 
initiation of therapy. 

Revaccination

Pneumococcal Polysaccharide Vaccine
Following vaccination with PPSV23, antibody levels decline 
after 5–10 years and decrease more rapidly in some groups 
than others. However, the relationship between antibody 
titer and protection from invasive disease is not certain 
(i.e., higher antibody level does not necessarily mean 
better protection), so the ability to define the need for 
revaccination based only on serology is limited. In addition, 
currently available pneumococcal polysaccharide vaccines 
elicit a T-cell-independent response, and do not produce a 
sustained increase (“boost”) in antibody titers. Available data 
do not indicate a substantial increase in protection in the 
majority of revaccinated persons.

Because of the lack of evidence of improved protection with 
multiple doses of pneumococcal vaccine, routine revaccina-
tion of immunocompetent persons previously vaccinated 
with 23-valent polysaccharide vaccine is not recommended. 
However, revaccination is recommended for persons 2 
years of age and older who are at highest risk for serious 
pneumococcal infection and for those who are likely to have 
a rapid decline in pneumococcal antibody levels. Only one 
PPSV23 revaccination dose is recommended for high-risk 
persons. The second dose should be administered 5 or more 
years after the first dose. Revaccination 3 years after the 
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