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SUMMARY
Streptococcus pneumoniae, the most common cause of community-acquired pneumonia,
remains a major cause of morbidity and mortality worldwide. The presence of Chronic Obstructive
Pulmonary Disease (COPD) is a major risk factor for pneumonia, and smoking (the most common
cause of COPD) is also an important risk factor to suffer invasive pneumococcal disease.

This article describes immunological characteristics, advantages and shortcomings, clinical
efficacy and cost-effectiveness for distinct anti pneumococcal vaccination strategies for COPD
patients.
To date, there are three established approaches to anti-pneumococcal vaccination: capsular
Polysaccharide Pneumococcal Vaccines (PPV), protein-polysaccharide conjugate Pneumococcal
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Vaccines (PCV) and experimental Protein-Based Pneumococcal Vaccines (PbPV). At present, two
vaccines are available for using in COPD patients in clinical practice: the “classical” 23-valent PPV
and the “new” 13-valent PCV.

The main advantage for the PCV13 is the fact that it has better immunogenicity than PPV23,
but a major shortcoming is the fact that it is directed against strains that are likely to be greatly
reduced in the population since its introduction in childhood immunization. The main shortcoming
for the PPV23 is its poor immunogenicity than PCV13 but, as major advantage, it may provide
protection against ten additional serotypes.

At present, the following recommendations can be made for COPD patients: a) those COPD
patients with immune compromising conditions (i.e., steroids or immune modulating therapy,
current sickle cell disease or other hemoglobinopathies, primary immunodeficiency disorders,
human immunodeficiency virus infection/acquired immunodeficiency syndrome, nephrotic
syndrome, and hematologic or solid malignancies) should receive dual vaccination with PCV13
and PPV23 (preferably PCV13 followed by PPV23 eight weeks later or, alternatively, PPV23
followed by PCV13 at least one year later); b) for those COPD patients without the above
mentioned conditions, according most committees on immunization practices, dual vaccination is
unnecessary and they should receive only a dose of PPV23 (with a second dose for revaccination
at 5-10 years after receipt prime PPV23 in those COPD patients aged less than 65 years). Some
clinical guidelines recommend also PCV13 in COPD patients without immune compromising
conditions, but this strategy has not demonstrated its cost-effectiveness.
Abbreviations: ACIP-Advisory Committee on Immunization Practices; CAP-Community
Acquired Pneumonia; CDC-Centers for Disease Control and Prevention; CI-Confidence Interval;
COPD-Chronic Obstructive Pulmonary Disease; EMA: European Medicines Agency; FDA-Food
and Drug Administration; OR-Odds Ratio; PPV-Pneumococcal Polysacharide Vaccine; PCVPneumococcal Conjugate Vaccine; PbPV-Protein Based Pneumococcal Vaccine; RCT-Randomized
Controlled Trial; IPD-Invasive Pneumococcal Disease

Keywords: Chronic Obstructive Pulmonary Disease; Conjugate Pneumococcal Vaccine;
Effectiveness; Efficacy; Pneumococcal Vaccination; Polysaccharide Pneumococcal Vaccine;
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INTRODUCTION

Streptococcus Pneumoniae, the most common cause of Community-Acquired Pneumonia
(CAP), remains a major cause of morbidity and mortality worldwide. Despite appropriate
antibiotic therapy and intensive care treatment, mortality rates due to pneumococcal infections
remain considerable, especially in elderly and high-risk individuals such as patients with chronic
respiratory or pulmonary disease [1,2].
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The main reservoir of pneumococci is the nasopharynx, and the possible outcomes after
colonization are clearance by the organism, asymptomatic persistence of infection (carrier state), or
progression to disease. Disease presentation depends on whether the bacteria spreads to adjacent
mucosal tissues causing mucosal infections (otitis, sinusitis, bronchitis and nonbacteraemic
pneumonias) or whether it invades the bloodstream, or other sterile sites, resulting in Invasive
Pneumococcal Disease (IPD), principally bacteraemic pneumonia, meningitis and sepsis. The
outcome is a complex process that depends on interactions between factors related to the host,
therapy and microorganism [3,4]. Figure 1 illustrates the overlap between overall communityacquired pneumonia, pneumococcal pneumonia and IPD.

Figure 1: Overlap between overall community-acquired pneumonia, Pneumococcal Pneumonia
(PP) and IPD.

The reported incidences of IPD have widely varied in different studies. These differences
probably reflect different rates of obtaining blood cultures from patients with pneumonia. The
incidence of bacteremic pneumococcal pneumonia ranged from 9 to 18 cases per 100.000 adultsyears in a multicentre study carried out in five countries [5]. The true incidence of nonbacteremic
pneumococcal pneumonia is unknown, but it is probably 3-4 fold higher considering that it has
been estimated that 80% of all pneumococcal pneumonias happen without bacteremia [6,7].

Chronic Obstructive Pulmonary Disease (COPD) is a major risk factor for CAP, and smoking
(the most common cause of COPD) has also been reported as an important risk factor for both IPD
and CAP [8,9].

Nowadays, COPD is a leading cause of morbidity and mortality worldwide. The prevalence
of COPD increases with increasing age (approximately 1-3% in middle aged adults vs 6-10% in
elderly people) and it is approximately three-fold higher in men than in women [10]. Likely, the
prevalence of COPD is underestimated given the absence of systematic investigations in clinical
practice for those patients with apparently non-severe or trivial symptoms. It has been estimated
that approximately 15-25% people over 45 years-old have a moderate obstructive ventilatory
disorder [11]. If we consider mortality, according to World Health Organization estimates, COPD
is the fourth leading cause of death worldwide, with more than 2.7 million deaths in 2000 [12].
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Incidence data of pneumococcal infections focused on COPD patients is scarce but, given
these persons are considered to be at risk of pneumococcal infections, incidence is believed to be
very large. Among patients with pneumonia, COPD is the most commonly reported comorbidity.
Among COPD patients with pneumonia, hospital admission increases with the intensity of airflow
obstruction [9,13-16].
Numerous studies have reported that COPD patients are at increased risk of pneumococcal
disease (including CAP and IPD) compared with those without COPD.[ 13,17-19] In this way, Odds
Ratios (ORs) ranging from 1.3-13.5 for CAP and 1.3-16.8 for IPD have been reported in COPD
patients as compared with persons without COPD [9,14,15,17].

The incidence of all-cause pneumonia among people with COPD is around 40-50 cases per
1000 patients-year (approximately 3-4 fold greater than in the general population). In the
United States, the reported annual incidence of hospitalization for CAP was 11 cases per 1000
among the general population over 65 years-old and 41 cases per 1000 among those patients
with chronic lung diseases [20]. In Europe, incidences of 14 and 46 episodes per 1000 personyear have been reported among the general population and COPD patients, respectively [21,22].
Pneumococcus remains the most common microorganism identified among patients with chronic
respiratory diseases with CAP [23,24] although Gram-negative bacilli are increasing in patients
with severe obstruction [25,26]. Incidences of laboratory-confirmed pneumococcal CAP ranged
from 0.5 to 2.1 per 1000 in the general population and 0.7 to 5.9 per 1000 among patients with
chronic pulmonary disease [20-22,27] of which approximately 25% were bacteremic and 75%
non-bacteremic cases. These figures are likely to be an underestimation of the true incidence
of pneumococcal bacteremia because they do not take into account persons from whom blood
cultures were never obtained or those where the culture was performed after the start of
antibiotic therapy. In addition, those patients with COPD who develop pneumonia have more
severe pneumonia and therefore are admitted to the intensive care unit more frequently and
have significantly higher 30-day mortality than non-COPD patients [25,28].
Acute exacerbations (although they represent a less serious illness than CAP) are also an
important cause of morbidity and mortality in COPD patients [11,29,30]. Approximately 50%
of acute exacerbations in chronic bronchitis are triggered by bacterial infection [31] being
pneumococcus responsible for almost a third of bacterial acute exacerbations [32]. There is an
increased risk of exacerbations in COPD patients with persisting bacterial colonization in the
respiratory tract, especially in COPD patients with pneumococcal colonization. It has been reported
that pneumococcus was recovered from sputum in 33% of patients with COPD exacerbation [33].
Immunizations with influenza and pneumococcal vaccines (together with smoking cessation,
inhaled long-acting bronchodilators or inhaled corticosteroids) are a variety of strategies that
may be effective in order to reduce incidence of pneumonia and acute exacerbations in COPD
patients [34-37].
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The major aim of this article is to provide an overview of the different antipneumococcal
vaccines, with reference to advantages and possible benefit for COPD patients.

TYPES OF ANTIPNEUMOCOCCAL VACCINES

The pneumococcus is surrounded by a polysaccharide capsule, and differences in this capsule
permit serological differentiation into distinct serotypes [38]. However, the existence of more
than 90 distinct serotypes (differing in their chemical composition, potential immunogenicity and
epidemiological impact on different population groups) has greatly complicated the development
and evaluation of anti-pneumococcal vaccines.

At the moment, there are 3 established approaches to anti-pneumococcal vaccination: capsular
polysaccharide Pneumococcal Vaccines (PPV), Protein-Polysaccharide Conjugate Pneumococcal
Vaccines (PCV) and Protein-Based Pneumococcal Vaccines (PBPV). At present, only the “old”
23-valent PPV and the “new” 13-valent PCV are available in clinical practice for use in adults. New
PCVs including more serotypes (pre-licensed PCV15) will be available in few years.

Pneumococcal Polysaccharide Vaccine (PPV)

The classical 23-valent polysaccharide pneumococcal vaccine (PPV23) was licensed in 1983
and is usually recommended for all elderly people and some at-risk groups including those with
chronic respiratory diseases. The vaccine contains capsular polysaccharide antigens from the 23
most dominant serotypes among clinical isolates of S. pneumoniae, accounting for approximately
80-90% of overall invasive infections in the adult population when the vaccine was licensed.
These antigens induce type-specific antibodies (by a T cell-independent mechanism) that enhance
opsonization, phagocytosis and killing of pneumococci by phagocytic cells [39].
Antibody response is generally satisfactory after PPV23, but children aged <2 years and
immunodeficient persons do not consistently develop immunity, and certain high-risk individuals
(including some people with medical co-morbidities and elderly individuals) may respond poorly
[37,39,40].

Following vaccination there is a slow but steady decline in serotype-specific antibody titres,
and pre-vaccination levels are generally reached within 5-10 years [41,42]. An anamnestic
response does not occur at revaccination, although there is a significant increase in antibody
levels (sometimes slightly lower than after the primary dose) [40,43]. Revaccination is only
recommended for those persons who received PPV23 before 65 years of age, but its clinical
effectiveness has not been clearly proved [43].

Despite many studies of PPV23 efficacy in different populations, few Randomized-Controlled
Trials (RCTs) have focused specifically on COPD patients, [27,44-49] and they have reported
unconclusive results. Outcome measures in the different trials were very heterogeneous and
included pneumonia, acute exacerbations, change in lung function, hospital admissions or visits
to the emergency department and mortality (includes mortality from respiratory disease, causes
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other than respiratory disease and all-cause mortality). The heterogeneity of outcomes reported
in the distinct trials, together with the low accuracy of the criteria diagnosis for COPD (not verified
by spirometric data in some trials), largely limits the comparison of the different results and their
interpretation.
In the largest RCT on PPV efficacy in COPD patients published to date, Alfageme et al [27]
analyzed the efficacy of PPV in a RCT including 596 Spanish patients with spirometric diagnosis of
COPD (298 receiving PPV23 and 298 receiving placebo), concluding that the efficacy of vaccination

depends on the age and the severity of airflow obstruction. Considering overall study population,
in Alfageme’s trial, no differences in the risk of all-cause pneumonia was observed in vaccinated
as compared with control subjects (OR: 1.03; 95% CI: 0.64-1.67). In subgroup analyses including
only cases due to pneumococcus (5 cases) or unknown etiology (53 cases) pneumococcal
vaccination appeared effective among subjects under 65 years (OR:0.24; 95% CI: 0.07-0.80), but
it did not appear efficacious among COPD patients 65 years or older (OR: 1.14; 95% CI: 0.62-2.07).
Among those patients with severe functional obstruction (forced expiratory volume in 1 second
<40%) vaccination appeared to be more efficacious (OR: 0.52; 95% CI: 0.20-1.07), with greatest
efficacy in younger patients with severe airflow obstruction (OR: 0.09; 95% CI: 0.01-0.65) [27].
In 2006, Granger et al [50] published the first Cochrane systematic review on PPV23 efficacy
focused on COPD patients, concluding that PPV was not effective in this population to reduce
all-cause pneumonia (OR: 0.89; 95% CI: 0.58-1.37) or all-cause mortality (OR: 0.94; 95% CI: 0.671.33).

In 2010, Walters et al [51] updated the Cochrane review including a total of 7 RCTs in their
meta-analysis specifically focused on COPD patients. According this meta-analysis, in six studies
involving 1372 people, the reduction in the risk of developing pneumonia among vaccinated
compared to control did not achieve statistical significance (OR: 0.72; 95% CI: 0.51-1.01). The
reduction in likelihood of acute exacerbations of COPD from two studies involving 216 people
neither reached statistical significance (OR: 0.58; 95% CI: 0.30-1.13). Of the secondary outcomes
for which data were available there was no statistically significant effect for reduction in hospital
admissions (two studies) or emergency department visits (one study). Considering mortality,
according to three studies involving 888 people followed during periods up to 48 months postvaccination, there was no significant reductions in the risk of all-cause death (OR: 0.94; 95% CI:
0.67-1.33), or death from cardio respiratory causes (OR: 1.07; 95% CI: 0.69-1.66). The authors
concluded that, while it is possible that PPV may provide some protection against morbidity in
persons with COPD, no significant effect on any of the outcomes was shown in the meta-analysis,
recommending that further large RCTs in this population would be needed to confirm the
effectiveness of the vaccine suggested by results from some individual studies.
Although nonRCTs have inherent limitations (especially the possibility of selection bias),
they can provide interesting data on the effectiveness and impact of the vaccination. In this way,
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several observational studies have reported benefits using the PPV23 in patients with chronic
respiratory diseases [22,52-54].

On other hand, considering the limited data about efficacy/effectiveness of the PPV23 in COPD
patients, data on PPV23 efficacy in the general population have also been used to establish vaccine
recommendations for these patients [55-64]. The Cochrane review on PPV efficacy/effectiveness
among the general population recommends the use of PPV to prevent IPD in adults (particularly
otherwise healthy adults), but it also concluded that the meta-analysis did not provide compelling

evidence to support the routine use of PPV to prevent pneumonia or death [62,64] This metaanalysis demonstrates strong evidence of protection against IPD, with an efficacy of 74% (95% CI
56% to 85%) in RCTs and an effectiveness of 52% (95% CI 37% to 61%) in observational studies
(case-controlled and cohort studies). Vaccine efficacy appears poor amongst the subgroup of
adults with chronic diseases, where vaccination efficacy did not reach statistical significance.
In relation to all-cause pneumonia (the most reported outcome in the Cochrane review, the
meta-analysis showed that the PPV provides an apparent protective efficacy of 29%, although
substantial statistical heterogeneity was observed (OR: 0.71; 95% CI: 0.52-0.97) [62,64].
Several studies have shown that the PPV23 is cost-effective for preventing IPD among the
general population over 65 years in developed countries, [65,66] but there is no data about costeffectiveness of vaccination among COPD patients given the lack of efficacy data in these persons.
In general, because the risks of immunization are believed to be very small, public policy at
this time continues to support antipneumococcal vaccination with PPV23 for all patients with
chronic lung diseases regardless of age [67].

Current CDC’s recommendations for using PPV-23, besides COPD, include smoking and asthma.
Revaccination (5-10 years after prime dose) is recommended for those persons who received
PPV-23 before 65 years of age [67]. It must not be forgotten, however, that the PPV-23 provides
incomplete protection, it does not elicit long-lasting immunity, and no anamnestic effect occurs at
revaccination. So, more effective vaccination strategies would be needed.

Pneumococcal Conjugate Vaccine (PCV)

Given the poor immunogenicity of PPV23 in children, extensive efforts were made at the
end of the past century to develop a new generation of pneumococcal vaccines with good
immunogenicity in infants. The result was a protein-polysaccharide combination, known as
Pneumococcal Conjugate Vaccine (PCV), which included some selected polysaccharides bound
to a protein carrier. This renders the vaccine T-cell-dependent, and thus capable of stimulating
antibody responses and priming for a memory response on rechallenge. The first available PCV
contained specific antigen for the 7 most common pneumococcal serotypes in USA children, and
was licensed for paediatric use in 2000 [68].
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In contrast to the polysaccharide vaccine, which only had shown a limited impact on the overall
disease burden, the introduction of the PCV-7 as routine vaccination for infants provided initially
very encouraging results, with sustained reduction on the incidence of IPD among children (direct
effect) but also in adults (indirect effect by herd immunity reducing the transmission of PCV-7
strains in the population) [60-70,71,72].
Later, several years after PCV7 introduction, a serotype replacement phenomenum was
observed, with increasing rates of nonPCV7 serotypes [73,74] and then, two new PCVs (including

progressively more serotypes) were licensed in 2009 (PCV10) and 2010 (PCV13) to replace the
“earlier” PCV7 among children.

PCV13 was licensed by the Food and Drug Administration (FDA) for prevention of IPD and
otitis media in infants and young children in February 2010 [75]. Considering the good immune
response and efficacy shown in children, it was proposed that the use of the conjugate vaccine
could improve antibody responses and clinical efficacy in high-risk adults with poor response
to PPV23. In 2011, FDA and EMA (European Medicines Agency) licensed PCV13 for prevention
of pneumonia and IPD in adults aged ≥50 years [76,77]. The license for adult use was granted
under FDA’s accelerated approval pathway. Thus, despite there was not data on clinical efficacy/
effectiveness in adults, approval of PCV13 for adults was based on immunogenicity studies that
demonstrated better or non-inferior antibody responses to PCV13 as compared with PPV23
among adults (wich reasonably predicted clinical benefit).
An important immunological consequence of conjugation of polysaccharide antigen with a
carrier protein is that the CD4+ helper T-cell fraction contributes to the immunological response.
Thus a T-cell-dependent response is generated, with predominant IgG1 and IgG3 antibodies,
instead of the T cell-independent antibody response that occurs with simple polysaccharide
antigens [78]. This is an important theoretical advantage for the conjugated vaccine, given that
the response to polysaccharide antigens is much more varying and age-dependent, and antibody
levels therefore more uncertain than with conjugated antigens. Thus, as in young children, it
could be expected that some high-risk adults (especially immunocompromised persons) obtain a
benefit from using the conjugate vaccine.

Based on immunogenicity data, [79,80] together with an anticipated clinical efficacy, on June
2012, the Advisory Committee on Immunization Practices (ACIP) recommended PCV13 (plus
PPV23) for adults with high-risk conditions such as cochlear implants, CSF leaks, functional or
anatomic asplenia and/or immunocompromising conditions [81]. Later, on September 2014,
ACIP added a recommendation for dual vaccination with PPV23+PCV13 for all persons aged 65
years or more [82].
Nevertheless, we note again that when PCV13 was licensed for using in adults, clinical trial
data (efficacy/effectiveness) was not yet available for PCV13 among adult populations.
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The ACIP’s recommendations were made on the basis of clinical benefit anticipated by the
CAPITA trial. This RCT, which final results were not published until March 2015, [83] reported
an efficacy of 75% against IPD and 46% against nonbacteremic pneumococcal pneumonia due
to vaccine serotypes. Concretely, the CAPITA trial (a RCT evaluating PCV13 vs placebo among
85,000 individuals 65 years or older with a mean follow-up of 3,97 years in the Netherlands) has
reported that vaccine-type community-acquired pneumonia occurred in 49 persons in the PCV13
group and 90 persons in the placebo group (vaccine efficacy, 45.6%; 95.2% confidence interval
[CI], 21.8 to 62.5), nonbacteremic and noninvasive community-acquired pneumonia occurred in
33 persons in the PCV13 group and 60 persons in the placebo group (vaccine efficacy, 45.0%;
95.2% CI, 14.2 to 65.3), and invasive pneumococcal disease occurred in 7 persons in the PCV13
group and 28 persons in the placebo group (vaccine efficacy, 75.0%; 95% CI, 41.4 to 90.8). Allcause community-acquired pneumonia occurred in 747 persons in the PCV13 group and 787
persons in placebo group (vaccine efficacy, 5.1%; 95% CI, -5.1 to 14.2) [83]. Interestingly, efficacy
data reported for the PCV13 in the CAPITA trial are essentially similar to efficacy data estimated
for the PPV23 in the last Cochrane meta-analysis) [64]. If we consider specifically the subgroup of
COPD patients, the CAPITA trial has not reported disaggregate results according to patients with
respiratory or pulmonary diseases; so, PCV13 effectiveness in COPD patients remains unknown.
Of note, we highlight that the CAPITA trial has not proved significant effectiveness of
vaccination in the subgroup of immunocompromised patients (persons where PCV13 is especially
recommended). On other hand, we also note that in the CAPITA trial the total number of prevented
cases was relatively low (concretely, 21 IPD cases and 27 nonbacteremic pneumococcal pneumonia
cases considering a total study population of more than 300,000 person-year at observation).
Consequently, despite some studies have concluded in favour of PCV13 cost-effectiveness among
adults, [84] the above mentioned CAPITA’s data does not suggest a good level of cost-effectiveness
of PCV13 vaccination in adults [85-87].
To date, ACIP recommends dual antipneumococcal vaccination (using PCV13 plus PPV23)
for persons aged 65 years or older (with or without underlying conditions) and persons 1964 years with certain high-risk conditions (basically anatomyc or functional asplenia and/or
immunocompromising conditions) [81,82]. At present, ACIP recommends antipneumococcal
vaccination using exclusively PPV23 for persons 19-64 years with certain co morbidities or risk
conditions (including COPD, asthma, chronic heart disease, diabetes mellitus, alcoholism and
smoking) [67].
In relation with possible interactions with other vaccines, it has been shown that the
concomitant administration of PCV13 and trivalent inactivated influenza vaccine might diminish
the antibody response to PCV13 [88]. Therefore, it would be recommended to administer these
vaccines in different visits.
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Experimental Protein-based Pneumococcal Vaccines (PbPV)
Considering that both PPV and PCV only elicit protective antibodies against the infection of
serotypes that are included in the vaccines, efforts are currently being made to design and develop
a new generation of anti-pneumococcal vaccines with theoretical full protection against all
pneumococcal serotypes. These new generation vaccines, known as protein-based pneumococcal
vaccines (PbPV), would be composed by distinct capsular pneumococcal proteins or virulence
factors [89,90].

Numerous PbPV candidates are being investigated by several groups with promising results
against invasive infections and nasopharyngeal carriage in animal models. Main investigated
proteins include Pneumococcal surface protein A (PspA), Pneumococcal surface adhesion A
(PsaA), Pneumococcal histidine triad protein (Pht) and pneumolysin [90]. It has been reported
that the combination of distinct proteins with different protective functions could increase the
vaccine protection [90]. Genome sequencing of bacteria may also represent a powerful way to
develop novel potential recombinant vaccines [91].
Besides the possibility of full protection against all pneumococcal serotypes, major potential
advantages for a future PbPV include the possibility of oral or intranasal administration, and
probably a less complex production process and lower cost than for conjugate vaccines. If it is
found that these proteins cannot provide sufficient protection as a sole component of the vaccine,
it is possible that they could be used either as a carrier protein for a conjugate vaccine or as
a supplement component of current polysaccharide vaccine to provide additional protection
[90,91]. A common protein vaccine with broad protection against pneumococcus could be
available in the next 5-10 years [92].

CURRENT
ANTIPNEUMOCOCCAL
RECOMMENDATIONS

VACCINATION

At present, considering current scientific evidence, antipneumococcal vaccination is a
reasonable option to prevent pneumococcal infections among immune competent adults,
although the evidence is lower for those patients with certain degree of immune compromise
and/or co morbidities [55-64].

Considering specifically COPD patients, despite patients with chronic respiratory diseases are
commonly described as an at-risk population for pneumococcal infections, controlled studies on
pneumococcal vaccination efficacy in such patients are very limited and largely underpowered to
obtain clear evidence about vaccination benefits [50,51].

Most meta-analyses have concluded that the PPV23 is effective against IPD among immune
competent persons; recommendations for vaccinating COPD patients with PPV23 are based on
this data, although the evidence for vaccine efficacy is less clear among persons with co morbidities
[55-64]. If we consider PCV13, recommendations for its use in COPD patients are based on
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efficacy data observed in the general elderly people (since there is not efficacy/effectiveness data
specifically evaluated in COPD patients to date) [83].

A dose of the classical PPV23 is generally recommended for older adults and high-risk
individuals, including patients with COPD and asthma [67,93]. A second dose of PPV23 is also
recommended for patients under 65 years-old [67]. The “new” PCV13 is recommended (together
with the PPV23) for those patients who have some immunocompromising conditions [67,93].
Some experts recommend PCV13 for all COPD patients (not only immunocompromised), but there
is not consensus about this recommendation. When dual vaccination with PPV23 and PCV13 is
needed, PCV13 followed by PPV23 eight weeks later is preferable. Alternatively, PPV23 followed
by PCV13 at least one year later may also be prescribed [81,82].

If we consider current recommendations of the Advisory Committee on Immunization
Practices of the Centers for Diseases Control and Prevention, a sequential dual antipneumococcal
vaccination (PPV23+PCV13) is recommended for persons aged 65 years or older (with or without
underlying conditions) and persons 19-64 years with CSF leaks, cochlear implants, functional or
anatomic asplenia, sickle cell disease or other hemaglobinopathy, congenital or acquired asplenia,
immunocompromised persons (congenital or acquired immunodeficiency [includes B-humoral)
or T-lymphocyte deficiency, complement deficiencies (particularly C1, C2, C3, and C4 deficiencies),
and phagocytic disorders (excluding chronic granulomatous disease)], human immunodeficiency
virus infection, chronic renal failure, nephrotic syndrome, leukemia, lymphoma, Hodgkin disease,
generalized malignancy, iatrogenic immune suppression [treatment with immunosuppressive
drugs, including long-term systemic corticosteroids and radiation therapy], solid organ transplant
and multiple myeloma) [81]. At present, ACIP recommends antipneumococcal vaccination using
exclusively PPV23 for immune competent persons 19-64 years with certain co morbidities or
risk conditions (including COPD, asthma, chronic heart disease, diabetes mellitus, alcoholism and
smoking) [67].

CONCLUSION

Pneumococcal infections remain a major cause of morbidity and mortality worldwide. Patients
with chronic obstructive pulmonary disease are at increased risk of both non-invasive and
invasive pneumococcal diseases and community-acquired pneumonia. Thus, antipneumococcal
vaccination could prevent pneumococcal infections and reduce the risk of mortality in both
immune competent and immunocompromised COPD patients.
To date, there are two available preventive options against pneumococcal infections for using
in adults, the “classical” 23-valent pneumococcal polysaccharide vaccine and the “new” 13-valent
pneumococcal conjugate vaccine, but neither is optimal. Key advantages and shortcomings for
both vaccines are summarized in Table 1.
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Table 1: Advantages and Limitations for Using PPV23 Or PCV13 in COPD Patients.

Vaccine

Advantages

Limitations

· Immune response after PPV23 can be weak in some
individuals (especially among immunocompromised people
or those with major comorbidities)

· Long experience (licensed in 1983).
· Few expensive.

· It does not elicit long-lasting immunity and no anamnestic
· Considerable vaccine-serotype coverage to
prevent IPD in adults at present (approximately effect occurs at revaccination (T cell-independent immune
response)
50-70%).
PPV23

· Efficacy demonstrated against vaccinetype IPD (approximately 65-75%) in
immunocompetent adults.

· Controversial protective effect against nonbacteremic
pneumonia.

· Efficacy proven against pneumonia in a RCT
focused specifically on COPD patients.
· Cost-effective for the general older adult’s
population even if it only prevents IPD.

PCV13

· Uncertain cost-effectiveness focused specifically on COPD
patients.
· No effect on nasopharyngeal carriage.
· Little or no impact in reducing overall pneumococcal
disease burden.
· Short experience (approved in 2010 for children and 2012
for adults).

· T-cell-dependent immune response (larger
duration and boosting effect at revaccination)

· Expensive.

· Efficacy against vaccine type IPD (75%) and
nonbacteremic pneumococcal pneumonia
(approximately 45%) demonstrated in a RCT
focused on elderly persons.

· No available consistent cost-effectiveness data for COPD
patients at present.

· Potential protective effect in reducing
nasopharyngeal carriage.
· Protective indirect effect (by herd immunity)
among nonvaccinated persons.

· No available efficacy data in COPD patients at present.

· Relatively small serotype-coverage for IPD cases among
adults (approximately 30-50%).
· Possibility of serotype replacement phenomenon in next
years.
· Future reduction of vaccination impact in adults (including
COPD patients) because of probable indirect effects from
PCV13 pediatric routine use.

The main advantage for the PCV13 is the fact that it has better immunogenicity than PPV23,
but a major shortcoming is the fact that it is directed against strains that are likely to be greatly
reduced in the population since its introduction in childhood immunization. The main shortcoming
for the PPV23 is its poor immunogenicity than PCV13 but, as major advantage, it may provide
protection against ten additional serotypes.
In contrast with the polysaccharide vaccine (T-cell-independent immune response), proteinpolysaccharide conjugate vaccines promise to enhance the immune response due to their T celldependent mode of action, but there is no data on PCV13 efficacy/effectiveness among COPD
patients yet.

Apart from its possible better immunogenicity/efficacy than PPV23, the relatively low
serotype coverage of the PCV13 is an important shortcoming for routine use of PCV13 alone in
adult populations. A sequential strategy using both PCV13 and PPV23 vaccines could be a way
to achieve greater effectiveness among high-risk people, but its possible cost-effectiveness is
uncertain.
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We note that, despite patients with chronic respiratory diseases have been commonly described
as an at-risk population for pneumococcal infections, and pneumococcal vaccination has been
recommended by the major COPD guidelines, studies on pneumococcal vaccination efficacy in
such patients are very limited and vaccine efficacy and cost-effectiveness remains controversial.

At present, the following recommendations can be made for COPD patients: a) those COPD
patients with immunocompromising conditions (i.e., steroids or immune modulating therapy,
current sickle cell disease or other hemoglobinopathies, primary immunodeficiency disorders,

human immunodeficiency virus infection/acquired immunodeficiency syndrome, nephrotic
syndrome, and hematologic or solid malignancies) should receive dual vaccination with PCV13
and PPV23 (preferably PCV13 followed by PPV23 eight weeks later or, alternatively, PPV23
followed by PCV13 at least one year later); b) for those COPD patients without the above
mentioned conditions, according to the Advisory Committee on Immunization Practices (ACIP),
dual vaccination is unnecessary and they should receive only a dose of PPV23 (with a second dose
for revaccination at 5-10 years after receipt prime PPV23 in those COPD patients aged less than
65 years).

COPD patients aged 18-64 years without immunocompromising conditions, where PCV13
is currently not recommended, could obtain an individual benefit from dual vaccination with
PPV23+PCV13, but the cost effectiveness of this strategy seems low.
Serotype replacement phenomenum will probably occur using PCV13 and, likely, new PCVs
with broader serotype coverage will be needed at medium-term. In this way, a PCV15 is been
evaluated in prelicensure studies in children and adults [94,95]. Nevertheless, the serotype
replacement phenomenon cannot be fully overcome by increasing the number of serotypes in the
vaccine, therefore new technologies, such as protein-based vaccines, are greatly needed. Proteinbased vaccine offers the potential advantage of a serotype-independent protection and several
are in various stages of investigation. A common protein vaccine with broad protection against
pneumococcus could be available in the next 5-10 years.
Meanwhile, immune competent COPD patients should receive PPV23 (with revaccination
at 5-10 years) and immunocompromised COPD patients should receive dual vaccination with
PCV13 and PPV23.

ACKNOWLEDGMENT

This article was supported, in part, by a grant from the “Fondo de Investigación Sanitaria” (FIS)
of the ”Instituto de Salud Carlos III” (call 2015) for the “Acción Estratégica en Salud 2013-2016
del Programa Estatal de Investigación Orientado a los Retos de la Sociedad”, framing in the “Plan
Estatal de Investigación Científica y Técnica y de Innovación 2013-2016”; code file PI15/01230,
cofinanced by the European Union through the “Fondo Europeo de Desarrollo Regional” (FEDER).
The authors thank to Angel Vila-Rovira for your help on the production of this paper.

Chronic Obstructive Pulmonary Disease | www.smgebooks.com

13

Copyright  Vila-Corcoles A.This book chapter is open access distributed under the Creative Commons Attribution 4.0 International License, which allows users to download, copy and build upon published articles even for
commercial purposes, as long as the author and publisher are properly credited.

References
1. Lynch JP 3rd, Zhanel GG. Streptococcus pneumoniae: epidemiology and risk factors, evolution of antimicrobial resistance, and
impact of vaccines. Curr Opin Pulm Med. 2010; 16: 217-225.
2. Kyaw MH, Rose CE, Fry AM, Singleton JA, Moore Z, et al. Active Bacterial Core Surveillance Program of the Emerging Infections
Program Network. The influence of chronic illnesses on the incidence of invasive pneumococcal disease in adults. J Infect Dis.
2005; 192: 377-386.
3. Feikin DR, Schuchat A, Kolczak M, Barrett NL, Harrison LH, et al. Mortality from invasive pneumococcal pneumonia in the era of
antibiotic resistance, 1995-1997. Am J Public Health. 2000; 90: 223-229.
4. Baddour LM, Yu VL, Klugman KP, Feldman C, Ortqvist A, International Pneumococcal Study Group, et al. Combination antibiotic
therapy lowers mortality among severely ill patients with pneumococcal bacteremia. Am J Respir Crit Care Med. 2004; 170: 440444.
5. Kalin M, Örtqvist A, Almela M, Aufwerber E, Dwyer R, et al. Prospective study of prognostic factors in community-acquired
bacteremic pneumococcal disease in 5 countries. J Infect Dis. 2000; 182: 840-847.
6. Ortqvist A, Hedlund J, Kalin M. Streptococcus pneumoniae: epidemiology, risk factors, and clinical features. Semin Respir Crit
Care Med. 2005; 26: 563-574.
7. Said MA, Johnson HL, Nonyane BA, Deloria-Knoll M, O’Brien KL, et al. AGEDD Adult Pneumococcal Burden Study Team.
Estimating the burden of pneumococcal pneumonia among adults: a systematic review and meta-analysis of diagnostic techniques.
PLoS One. 2013; 8: e60273.
8. Nuorti JP, Butler JC, Farley MM, Harrison LH, McGeer A, et al. Cigarette smoking and invasive pneumococcal disease. Active
Bacterial Core Surveillance Team. N Engl J Med. 2000; 342: 681-689.
9. Torres A, Blasi F, Dartois N, Akova M. Which individuals are at increased risk of pneumococcal disease and why? Impact of COPD,
asthma, smoking, diabetes, and/or chronic heart disease on community-acquired pneumonia and invasive pneumococcal disease.
Thorax. 2015; 70: 984-989.
10. Murtagh E, Heaney L, Gingles J, Shepherd R, Kee F, et al. Prevalence of obstructive lung disease in a general population sample:
the NICECOPD study. Eur J Epidemiol. 2005; 20: 443-453.
11. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, et al. Global strategy for diagnosis, management, and prevention of COPD:
GOLD executive summary. Am J Respir Crit Care Med. 2007; 176: 532-555.
12. National Heart Lung and Blood Institute. Global strategy for the diagnosis, management, and prevention of chronic obstructive
pulmonary disease. Bethesda: National Heart, Lung and Blood Institute. NIH Publication No. 2001; 2701: 1-100.
13. Juthani-Mehta M, De Rekeneire N, Allore H, Chen S, O’Leary JR, et al. Modifiable risk factors for pneumonia requiring hospitalization
of community-dwelling older adults: the Health, Aging, and Body Composition Study. J Am Geriatr Soc. 2013; 61:1111-1118.
14. Jackson ML, Nelson JC, Jackson LA. Risk factors for community-acquired pneumonia in immunocompetent seniors. J Am Geriatr
Soc. 2009; 57: 882-888.
15. Müllerova H, Chigbo C, Hagan GW, Woodhead MA, Miravitlles M, et al. The natural history of community-acquired pneumonia in
COPD patients: a population database analysis. Respir Med. 2012; 106: 1124-1133.
16. DiSantostefano RL, Li H, Hinds D, Galkin DV, Rubin DB. Risk of pneumonia with inhaled corticosteroid/long-acting beta2 agonist
therapy in chronic obstructive pulmonary disease: a cluster analysis. Int J Chron Obstruct Pulmon Dis. 2014; 9: 457-468.
17. Shea KM, Edelsberg J, Weycker D, Farkouh RA, Strutton DR, et al. Rates of pneumococcal disease in adults with chronic medical
conditions. Open Forum Infectious Diseases. 2014; 1.
18. Mor A, Thomsen RW, Ulrichsen SP, Sørensen HT. Chronic heart failure and risk of hospitalization with pneumonia: a populationbased study. Eur J Intern Med. 2013; 24: 349-353.
19. Grau I, Ardanuy C, Calatayud L, Schulze MH, Liñares J, et al. Smoking and alcohol abuse are the most preventable risk factors for
invasive pneumonia and other pneumococcal infections. Int J Infect Dis. 2014; 25: 59-64.
20. Jackson LA, Neuzil KM, Yu O, Benson P, Barlow WE, et al. Effectiveness of pneumococcal polysaccharide vaccine in older adults.
N Engl J Med. 2003; 348: 1747-1755.
21. Vila-Corcoles A, Ochoa-Gondar O, Hospital I, Ansa X, Vilanova A, et al. Protective effects of the 23-valent pneumococcal
polysaccharide vaccine in the elderly population: the EVAN-65 study. Clin Infect Dis. 2006; 43: 860-868.
22. Ochoa-Gondar O, Vila-Corcoles A, Ansa X, Rodriguez-Blanco T, Salsench E, et al. Effectiveness of pneumococcal vaccination in
older adults with chronic respiratory diseases: results of the EVAN-65 study. Vaccine. 2008; 26: 1955-1962.
23. Lieberman D, Lieberman D, Gelfer Y, Varshavsky R, Dvoskin B, et al. Pneumonic vs nonpneumonic acute exacerbations of COPD.
Chest. 2002; 122: 1264-1270.

Chronic Obstructive Pulmonary Disease | www.smgebooks.com

14

Copyright  Vila-Corcoles A.This book chapter is open access distributed under the Creative Commons Attribution 4.0 International License, which allows users to download, copy and build upon published articles even for
commercial purposes, as long as the author and publisher are properly credited.

24. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell GD, et al. Infectious Diseases Society of America/American Thoracic
Society consensus guidelines on the management of community-acquired pneumonia in adults. Clinical Infectious Diseases 2007;
44: S27-72.
25. Restrepo MI, Mortensen EM, Pugh JA, Anzueto A. COPD is associated with increased mortality in patients with communityacquired pneumonia. Eur Respir J. 2006; 28: 346-351.
26. Ko FW, Ip M, Chan PK, Ng SS, Chau SS, et al. A one-year prospective study of infectious etiology in patients hospitalized with
acute exacerbations of COPD and concomitant pneumonia. Respir Med. 2008; 102: 1109-1116.
27. Alfageme I, Vazquez R, Reyes N, Muñoz J, Fernández A, et al. Clinical efficacy of anti-pneumococcal vaccination in patients with
COPD. Thorax. 2006; 61: 189-195.
28. Molinos L, Clemente MG, Miranda B, Alvarez C, ASTURPAR Group, et al. Community-acquired pneumonia in patients with and
without chronic obstructive pulmonary disease. J Infect. 2009; 58: 417-424.
29. National Institute of Clinical Excellence. COPD: National clinical guideline on management of chronic obstructive pulmonary
disease in adults in primary and secondary care. Thorax. 2004; 59: 1-232.
30. Papi A, Bellettato CM, Braccioni F, Romagnoli M, Casolari P, et al. Infections and airway inflammation in chronic obstructive
pulmonary disease severe exacerbations. American Journal of Respiratory & Critical Care Medicine. 2006; 173: 1114-1121.
31. Sethi S. Infectious etiology of acute exacerbations of chronic bronchitis. Chest. 2000; 117: 380S-385S.
32. Saint S, Flaherty KR, Abrahamse P, et al. Acute exacerbation of chronic bronchitis: disease-specific issues that influence the costeffectiveness of antimicrobial therapy. Clin. Ther. 2001; 23: 499-512.
33. Bogaert D, Van der Valk P, Ramdin R, Sluijter M, Monninkhof E, et al. Host-pathogen interaction during pneumococcal infection in
patients with chronic obstructive pulmonary disease. Infection and Immunity. 2004; 72:818-823.
34. Black PN, McDonald CF. Interventions to reduce the frequency of exacerbations of chronic obstructive pulmonary disease.
Postgrad Med J. 2009; 85: 141-147.
35. Varkey JB, Varkey AB, Varkey B. Prophylactic vaccinations in chronic obstructive pulmonary disease: current status. Curr Opin
Pulm Med. 2009; 15: 90-99.
36. Poole PJ, Chacko E, Wood-Baker RW, Cates CJ. Influenza vaccine for patients with chronic obstructive pulmonary disease.
Cochrane Database Syst Rev. 2006: CD002733.
37. [No authors listed]. Prevention of pneumococcal disease: recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 1997; 46: 1-24.
38. Hausdorff WP, Feikin DR, Klugman KP. Epidemiological differences among pneumococcal serotypes. Lancet Infect Dis. 2005; 5:
83-93.
39. Fedson DS, Musher DM. Pneumococcal polysaccharide vaccine. In: Plotkin SA, Orenstein WA, eds. Vaccines. 4th edn. Philadelphia:
Saunders. 2003: 529-588.
40. Sankilampi U, Honkanen PO, Bloigu A, Herva E, Leinonen M. Antibody response to pneumococcal capsular polysaccharide
vaccine in the elderly. J Infect Dis. 1996; 173: 387-393.
41. Musher DM, Manof SB, Liss C, McFetridge RD, Marchese RD, et al. Safety and antibody response, including antibody persistence
for 5 years, after primary vaccination or revaccination with pneumococcal polysaccharide vaccine in middle-aged and older adults.
J Infect Dis. 2010; 201: 516-524.
42. Musher DM, Manoff SB, McFetridge RD, Liss CL, Marchese RD, et al. Antibody persistence ten years after first and second doses
of 23-valent pneumococcal polysaccharide vaccine, and immunogenicity and safety of second and third doses in older adults. Hum
Vaccin. 2011; 7: 919-928.
43. Artz AS, Ershler WB, Longo DL. Pneumococcal vaccination and revaccination of older adults. Clin Microbiol Rev. 2003; 16: 308318.
44. Leech JA, Gervais A, Ruben FL. Efficacy of pneumococcal vaccine in severe chronic obstructive pulmonary disease. CMAJ. 1987;
136: 361-365.
45. Davis AL, Aranda CP, Schiffman G, Christianson LC. Pneumococcal infection and immunologic response to pneumococcal vaccine
in chronic obstructive pulmonary disease. A pilot study. Chest. 1987; 92: 204-212.
46. Steentoft J, Konradsen HB, Hilskov J, Gislason G, Andersen JR. Response to pneumococcal vaccine in chronic obstructive lung
disease: the effect of ongoing, systemic steroid treatment. Vaccine. 2006; 24: 1408-1412.
47. Ya Tseimakh I, Martynenko I, Paraeva S. Prophylactic efficacy of pneumococcal vaccination for Chronic Obstructive Pulmonary
Disease (COPD) [Abstract]. European Respiratory Journal. 2006; 28: 178s.

Chronic Obstructive Pulmonary Disease | www.smgebooks.com

15

Copyright  Vila-Corcoles A.This book chapter is open access distributed under the Creative Commons Attribution 4.0 International License, which allows users to download, copy and build upon published articles even for
commercial purposes, as long as the author and publisher are properly credited.

48. Teramoto S, Yamamoto H, Yamaguchi Y, Hanaoka Y, Ishil M, et al. Clinical efficacy of anti-pneumococcal vaccination in elderly
patients with COPD [Abstract]. American Thoracic Society International Conference, May 18-23, 2007, San Francisco, California,
USA. 2007; 175: A137.
49. Furumoto A, Ohkusa Y, Chen M, Kawakami K, Masaki H, et al. Additive effect of pneumococcal vaccine and influenza vaccine on
acute exacerbation in patients with chronic lung disease. Vaccine. 2008; 26: 4284-4289.
50. Granger R, Walters J, Poole PJ, Lasserson TJ, Mangtani P, et al. Injectable vaccines for preventing pneumococcal infection in
patients with chronic obstructive pulmonary disease. Cochrane Database Syst Rev. 2006; 4: CD001390.
51. Walters JA, Smith S, Poole P, Granger RH, Wood-Baker R. Injectable vaccines for preventing pneumococcal infection in patients
with chronic obstructive pulmonary disease. Cochrane Database Syst Rev. 2010; 11: CD001390.
52. Nichol KL, Baken L, Wuorenma J, Nelson A. The health and economic benefits associated with pneumococcal vaccination of
elderly persons with chronic lung disease. Arch Intern Med. 1999; 159: 2437-2442.
53. Sumitani M, Tochino Y, Kamimori T, Fujiwara H, Fujikawa T. Additive inoculation of influenza vaccine and 23-valent pneumococcal
polysaccharide vaccine to prevent lower respiratory tract infections in chronic respiratory disease patients. Int. Med. 2008; 47:
1189-1197.
54. Watanuki Y, Miyazawa N, Kudo M, Inoue S, Goto H, et al. Effects of pneumococcal vaccine in patients with chronic respiratory
disease. Eur Respir Rev. 2008; 17: 43-45.
55. Fine MJ, Smith MA, Carson CA, Meffe F, Sankey SS, et al. Efficacy of pneumococcal vaccination in adults. A meta-analysis of
randomized controlled trials. Arch Intern Med. 1994; 154: 2666-2677.
56. Hutchison BG, Oxman AD, Shannon HS, Lloyd S, Altmayer CA, et al. Clinical effectiveness of pneumococcal vaccine. Metaanalysis. Can Fam Physician. 1999; 45: 2381-2393.
57. Moore RA, Wiffen PJ, Lipsky BA. Are the pneumococcal polysaccharide vaccines effective? Meta-analysis of the prospective trials.
BMC Fam Pract. 2000; 1: 1.
58. Cornu C, Yzèbe D, Léophonte P, Gaillat J, Boissel JP, et al. Efficacy of pneumococcal polysaccharide vaccine in immunocompetent
adults: a meta-analysis of randomized trials. Vaccine. 2001; 19: 4780-4790.
59. Mangtani P, Cutts F, Hall AJ. Efficacy of polysaccharide pneumococcal vaccine in adults in more developed countries: the state of
the evidence. Lancet Infect Dis. 2003; 3: 71-78.
60. Melegaro A, Edmunds WJ. The 23-valent pneumococcal polysaccharide vaccine. Part I. Efficacy of PPV in the elderly: a comparison
of meta-analyses. Eur J Epidemiol. 2004; 19: 353-363.
61. Fedson DS, Liss C. Precise answers to the wrong question: prospective clinical trials and the meta-analyses of pneumococcal
vaccine in elderly and high-risk adults. Vaccine. 2004; 22: 927-946.
62. Moberley SA, Holden J, Tatham DP, Andrews RM. Vaccines for preventing pneumococcal infection in adults. Cochrane Database
Syst Rev. 2008; 1: CD000422.
63. Huss A, Scott P, Stuck AE, Trotter C, Egger M. Efficacy of pneumococcal vaccination in adults: a meta-analysis. CMAJ. 2009;
180: 48-58.
64. Moberley S, Holden J, Tatham DP, Andrews RM. Vaccines for preventing pneumococcal infection in adults. Cochrane Database
Syst Rev. 2013; 1: CD000422.
65. Sisk JE, Moskowitz AJ, Whang W, Lin JD, Fedson DS, et al. Cost-effectiveness of vaccination against pneumococcal bacteremia
among elderly people. JAMA. 1997; 278: 1333-1339.
66. Ament A1, Baltussen R, Duru G, Rigaud-Bully C, de Graeve D, Ortqvist A, Jönsson B. Cost-effectiveness of pneumococcal
vaccination of older people: a study in 5 western European countries. Clin Infect Dis. 2000; 31: 444-450.
67. Centers for Disease Control and Prevention (CDC); Advisory Committee on Immunization Practices. Updated recommendations for
prevention of invasive pneumococcal disease among adults using the 23-valent pneumococcal polysaccharide vaccine (PPSV23).
MMWR Morb Mortal Wkly Rep. 2010; 59: 1102-1106.
68. Black S, Shinefield H, Fireman B, Lewis E, Ray P, et al. The Northern California Kaiser Permanente Vaccine Study Center Group.
Efficacy, safety and immunogenicity of heptavalent pneumococcal conjugate vaccine in children. Pediatr Infect Dis J. 2000; 19:
187-195.
69. Whitney CG, Farley MM, Hadler J, Harrison LH, Bennett NM, et al. Decline in invasive pneumococcal disease after the introduction
of protein-polysaccharide conjugate vaccine. N Engl J Med. 2003; 348: 1737-1746.
70. Hammitt LL, Bruden DL, Butler JC, Baggett HC, Hurlburt DA, et al. Indirect effect of conjugate vaccine on adult carriage of
Streptococcus pneumoniae: an explanation of trends in invasive pneumococcal disease. J Infect Dis. 2006; 193: 1487-1494.
71. Centers for Disease Control and Prevention. Direct and indirect effects of routine vaccination of children with 7-valent pneumococcal
conjugate vaccine on incidence of invasive pneumococcal disease-United States, 1998-2003. MMWR Morb Mortal Wkly Rep.
2005; 54: 893-897.

Chronic Obstructive Pulmonary Disease | www.smgebooks.com

16

Copyright  Vila-Corcoles A.This book chapter is open access distributed under the Creative Commons Attribution 4.0 International License, which allows users to download, copy and build upon published articles even for
commercial purposes, as long as the author and publisher are properly credited.

72. Hicks LA, Harrison LH, Flannery B, Hadler JL, Schaffner W, et al. Incidence of pneumococcal disease due to non-pneumococcal
conjugate vaccine (PCV7) serotypes in the United States during the era of widespread PCV7 vaccination, 1998-2004. J Infect Dis.
2007; 196: 1346-1354.
73. Singleton RJ, Hennessy TW, Bulkow LR, Hammitt LL, Zulz T, et al. Invasive pneumococcal disease caused by nonvaccine
serotypes among Alaska native children with high levels of 7-valent pneumococcal conjugate vaccine coverage. JAMA. 2007; 297:
1784-1792.
74. World Health Organization. Changing epidemiology of pneumococcal serotypes after introduction of conjugate vaccine: July 2010
report. Wkly Epidemiol Rec. 2010; 85: 434-436.
75. Centers for Disease Control and Prevention. Licensure of a 13-valent pneumococcal conjugate vaccine (PCV13) and
recommendations for use among children: Advisory Committee on Immunization Practices (ACIP), 2010. MMWR Morb Mortal
Wkly Rep. 2010; 59: 258-261.
76. US Food and Drug Administration. FDA expands use of Prevnar 13 vaccine for people ages 50 and older. 2011.
77. The Committee for Medicinal Products for Human Use. European Medicines Agency. Prevenar 13. Pneumoccal polysaccharide
conjugate vaccine (13-valent, adsorbed). United Kingdom. 2011.
78. Wuorimaa T, Dagan R, Väkeväinen M, Bailleux F, Haikala R, et al. Avidity and subclasses of IgG after immunization of infants with
an 11-valent pneumococcal conjugate vaccine with or without aluminum adjuvant. J Infect Dis. 2001; 184: 1211-1215.
79. Jackson LA, Gurtman A, van Cleeff M, Jansen KU, Jayawardene D, et al. Immunogenicity and safety of a 13-valent pneumococcal
conjugate vaccine compared to a 23-valent pneumococcal polysaccharide vaccine in pneumococcal vaccine-naive adults. Vaccine.
2013; 31: 3577 -3584.
80. Jackson LA, Gurtman A, Rice K, Pauksens K, Greenberg RN, et al. Immunogenicity and safety of a 13-valent pneumococcal
conjugate vaccine in adults 70 years of age and older previously vaccinated with 23-valent pneumococcal polysaccharide vaccine.
Vaccine. 2013; 31: 3585 -3593.
81. Centers for Disease Control and Prevention. Use of 13-valent pneumococcal conjugate vaccine and 23-valent pneumococcal
polysaccharide vaccine for adults with immunocompromising conditions: recommendations of the Advisory Committee on
Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep. 2012; 61: 816-819.
82. Centers for Disease Control and Prevention. Use of 13-Valent Pneumococcal Conjugate Vaccine and 23-Valent Pneumococcal
Polysaccharide Vaccine Among Adults Aged =65 Years: Recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Morb Mortal Wkly Rep. 2014; 63:822-825.
83. Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, et al. Polysaccharide conjugate vaccine against pneumococcal
pneumonia in adults. N Engl J Med. 2015; 372: 1114-1125.
84. Mangen MJ, Rozenbaum MH, Huijts SM, van Werkhoven CH, Postma DF, et al. Cost-effectiveness of adult pneumococcal
conjugate vaccination in the Netherlands. Eur Respir J. 2015; 46: 1407-1416.
85. Swartz AW. Vaccine against Pneumococcal Pneumonia in Adults. N Engl J Med. 2015; 373: 91-92.
86. Weinberger DM, Bruhn CA, Shapiro ED. Vaccine against Pneumococcal Pneumonia in Adults. N Engl J Med. 2015; 373: 92.
87. Leo JD. Vaccine against Pneumococcal Pneumonia in Adults. N Engl J Med. 2015; 373: 91-93.
88. Frenck RW, Gurtman A, Rubino J, Smith W, van Cleeff M, et al. Randomized, controlled trial of a 13-valent pneumococcal
conjugate vaccine administered concomitantly with an influenza vaccine in healthy adults. Clinical and vaccine immunology. 2012;
19: 1296-1303.
89. Garcia-Suarez MM, Vazquez F, Mendez FJ. Streptococcus pneumoniae virulence factors and their clinical impact: An update.
Enferm Infecc Microbiol Clin. 2006; 24: 512-517.
90. Tai SS. Streptococcus pneumoniae protein vaccine candidates: properties, activities and animal studies. Crit Rev Microbiol. 2006;
32: 139-153.
91. Pichichero ME, Khan MN, Xu Q. Next generation protein based Streptococcus pneumoniae vaccines. Hum Vaccin Immunother.
2016; 12: 194-205.
92. Nossal GJ. Vaccines of the future. Vaccine. 2011; 29: D111-115.
93. Mirsaeidi M, Ebrahimi G, Allen MB, Aliberti S. Pneumococcal vaccine and patients with pulmonary diseases. Am J Med. 2014;
127: 886.
94. Sobanjo-ter Meulen A, Vesikari T, Malacaman EA, Shapiro SA, Dallas MJ, et al. Safety, tolerability and immunogenicity of 15-valent
pneumococcal conjugate vaccine in toddlers previously vaccinated with 7-valent pneumococcal conjugate vaccine. Pediatr Infect
Dis J. 2015; 34: 186-194.
95. McFetridge R, Meulen AS, Folkerth SD, Hoekstra JA, Dallas M, et al. Safety, tolerability, and immunogenicity of 15-valent
pneumococcal conjugate vaccine in healthy adults. Vaccine. 2015; 33: 2793-2799.

Chronic Obstructive Pulmonary Disease | www.smgebooks.com

17

Copyright  Vila-Corcoles A.This book chapter is open access distributed under the Creative Commons Attribution 4.0 International License, which allows users to download, copy and build upon published articles even for
commercial purposes, as long as the author and publisher are properly credited.

