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TABLE 171-1 Clinical Risk Groups for Pneumococcal Infection
Clinical Risk Group
Asplenia or splenic
dysfunction
Chronic respiratory disease
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100
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Chronic heart disease

0
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5-17 18-34 35-49 50-64 >65
Age group (years)

Figure 171-5 Rates of invasive pneumococcal disease before the
introduction of pneumococcal conjugate vaccine, by age group:
United States, 1998. (Source: CDC, Active Bacterial Core Surveillance/
Emerging Infectious Program Network, 2000. Data adapted from MMWR
49[RR-9], 2000.)

Antibiotic Resistance Reduced pneumococcal susceptibility
to penicillin was first noted in 1967, but not until the 1990s did
reduced antibiotic susceptibility emerge as a significant clinical
and public health issue, with an increasing prevalence of pneumococcal isolates resistant to single or multiple classes of antibiotics and a
rising absolute magnitude of minimal inhibitory concentrations
(MICs). Strains with reduced susceptibility to penicillin G, cefotaxime,
ceftriaxone, macrolides, and other antibiotics are now found worldwide and account for a significant proportion of disease-causing
strains in many locations, especially among children. Vancomycin
resistance has not yet been observed in clinical pneumococcal strains.
Lack of antimicrobial susceptibility is clearly related to a subset of
serotypes, many of which disproportionately cause disease among
children. The vicious cycle of antibiotic exposure, selection of resistant
organisms in the nasopharynx, and transmission of these organisms
within the community, leading to difficult-to-treat infections and
increased antibiotic exposure, has been interrupted to some extent by
the introduction and routine use of PCV. The clinical implications of
pneumococcal antimicrobial nonsusceptibility are addressed below in
the section on treatment.
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Chronic liver disease
Diabetes mellitus
Immunocompromise/
immunosuppression

Cochlear implants
Cerebrospinal fluid leaks
Miscellaneous

Chronic obstructive pulmonary disease,
bronchiectasis, cystic fibrosis, interstitial lung
fibrosis, pneumoconiosis, bronchopulmonary
dysplasia, aspiration risk, neuromuscular disease (e.g., cerebral palsy), severe asthma
Ischemic heart disease, congenital heart disease, hypertension with cardiac complications,
chronic heart failure
Nephrotic syndrome, chronic renal failure,
renal transplantation
Cirrhosis, biliary atresia, chronic hepatitis
Diabetes mellitus requiring insulin or oral
hypoglycemic drugs
HIV infection, common variable immunodeficiency, leukemia, lymphoma, Hodgkin’s
disease, multiple myeloma, generalized malignancy, chemotherapy, organ or bone marrow
transplantation, systemic glucocorticoid treatment for >1 month at a dose equivalent to
≥20 mg/d (children, ≥1 mg/kg per day)
…
…
Infancy and old age; prior hospitalization; alcoholism; malnutrition; cigarette smoking; daycare center attendance; residence in military
training camps, prisons, homeless shelters

Note: Groups for whom pneumococcal vaccines are recommended by the Advisory Committee on Immunization Practices can be found at www.cdc.gov/vaccines/schedules/.

PATHOGENESIS
Pneumococci colonize the human nasopharynx from an early age;
colonization acquisition events are generally described as asymptomatic, but evidence exists to associate acquisition with mild respiratory
symptoms, especially in the very young. From the nasopharynx, the
bacteria spread either via the bloodstream to distant sites (e.g., brain,
joint, bones, peritoneal cavity) or locally to mucosal surfaces where
they can cause otitis media or pneumonia. Direct spread from the
nasopharynx to the central nervous system (CNS) can occur in rare
cases of skull base fracture, although most cases of pneumococcal
meningitis are secondary to hematogenous spread. Pneumococci can
cause disease in almost any organ or part of the body; however, otitis
media, pneumonia, bacteremia, and meningitis are most common.
Colonization is a relatively frequent event, yet disease is rare. In the
nasopharynx, pneumococci survive in mucus secreted by epithelial
cells, where they can avoid local immune factors such as leukocytes
and complement. The mucus itself is a component of local defense
mechanisms, and the flow of mucus (driven in part by cilia in what
is known as the mucociliary escalator) effects mechanical clearance of
pneumococci. While many colonization episodes are of short duration,
longitudinal studies in adults and children have revealed persistent
colonization with a specific serotype over many months. Colonization
eventually results in the development of capsule-specific serum IgG,
which is thought to play a role in mediating clearance of bacteria
from the nasopharynx. IgG antibodies to surface-exposed cell wall or
secreted proteins also appear in the circulation in an age-dependent
fashion or after colonization; the biologic role of these antibodies is less
clear. Recent acquisition of a new colonizing serotype is more likely to
be associated with subsequent invasion, presumably as a result of the
absence of type-specific immunity. Intercurrent viral infections make
the host more susceptible to pneumococcal colonization, and pneumococcal disease in a colonized individual often follows perturbation
of the nasopharyngeal mucosa by such infections. Local cytokine
production after a viral infection is thought to upregulate adhesion
factors in the respiratory epithelium, allowing pneumococci to adhere
via a variety of surface adhesin molecules, including PsaA, PspA,
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severity of disease at presentation (rather than according to whether
the pneumonia episode is associated with bacteremia) and with the
patient’s age (from <5% among hospitalized patients 18–44 years old
to >12% among those >65 years old, even when appropriate and timely
management is available). Notably, the likelihood of death in the first
24 h of hospitalization did not change substantially with the introduction of antibiotics; this surprising observation highlights the fact
that the pathophysiology of severe pneumococcal pneumonia among
adults reflects a rapidly progressive cascade of events that often unfolds
irrespective of antibiotic administration. Management in an intensive
care unit can provide critical support for the patient through the acute
period, with lower CFRs.
Rates of pneumococcal disease vary by season, with higher rates
in colder than in warmer months in temperate climates; by sex, with
males more often affected than females; and by risk group, with risk
factors including underlying medical conditions, behavioral issues, and
ethnic group. In the United States, some Native American populations
(including Alaska natives) and African Americans have higher rates
of disease than the general population; the increased risk is probably
attributable to socioeconomic conditions and the prevalence of underlying risk factors for pneumococcal disease. Medical conditions that
increase the risk of pneumococcal infection are listed in Table 171-1.
Outbreaks of disease are well recognized in crowded settings with susceptible individuals, such as infant day-care facilities, military barracks,
and nursing homes. Furthermore, there is a clear association between
preceding viral respiratory disease (especially but not exclusively influenza) and risk of secondary pneumococcal infections. The significant
role of pneumococcal pneumonia in the morbidity and mortality associated with seasonal and pandemic influenza is increasingly recognized.

Chronic kidney disease

Examples
Sickle cell disease, celiac disease
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