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REVIEW

Pneumococcal infection in adults: burden of disease
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Abstract

To overview the present global burden of pneumococcal disease is important because new preventive measures such as the
pneumococcal conjugate vaccine |3 are currently being evaluated. Pneumococcal disease is roughly divided into non-invasive and
invasive disease. The burden of non-invasive pneumococcal disease in adults is mainly determined by community-acquired pneumonia.
Pneumococcal pneumonia has high incidence rates and carries a high mortality risk, especially in the elderly. Within the cluster of
invasive pneumococcal diseases, pneumonia also represents the most common infectious source. Incidence and mortality rates of
both non-invasive and invasive disease have changed as a result of pneumococcal vaccination in children. However, especially elderly
patients with comorbidities remain vulnerable to morbidity and mortality caused by pneumococcal disease. The current review
summarizes the current knowledge on the epidemiology including outcome of the main clinical forms of pneumococcal disease, with

a special focus on elderly patients. Furthermore, the economic burden and future vaccine strategies are briefly discussed.
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Introduction Pneumococcal
disease

Pneumococcal disease (PD) can be divided into non-invasive

Noninvasive
(mucosal)

and invasive disease (Fig. 1) [I]. Considering the global

burden of PD is especially important, because new |

preventive measures such as the pneumococcal conjugate o Acute Siousiis
. . otitis media

vaccine (PCV)I3 are currently being evaluated. To assess

future effects, we aim to give an extensive overview of the FIG. I. Classification of pneumococcal disease [I].

current burden of PD in adults. From that perspective,
incidence and mortality rates are described in pneumococcal

pneumonia (PP) and invasive pneumococcal disease (IPD). Non-invasive Pneumococcal Disease
Effects of the introduction of PCV7 vaccination in children

on these rates are also illustrated. Subsequently, because the

PD burden is especially high in the elderly, this age group Non-invasive PD can principally be divided into sinusitis, acute

will be highlighted separately. Finally, the economic burden otitis media and community-acquired pneumonia (CAP). As

of PD is described and future vaccine strategies are briefly the burden of disease in adults is mainly determined by CAP,

. we will focus on CAP in this review.
discussed.
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Aectiology of CAP

In daily practice, a microbiological diagnosis is made in only
about 20% of CAP. This can rise up to 60% when extensive and
costly diagnostic testing is performed [2].

Aectiological fractions of the most common pathogens in
CAP are summarized in Fig. 2 [3]. Accordingly, in a large
European review, Streptococcus pneumoniae was the most
frequently isolated pathogen in CAP (35% overall, ranging from
|2 to 68% between various countries) [4]. This was true for all
settings, including outpatients, hospital-treated patients and
intensive care unit-treated patients [4]. Both European and
worldwide meta-analyses generally confirmed these findings
and estimated the prevalence of S. pneumoniae in CAP to be
19.3% and 27.3%, respectively. [5, 6]. A recent study specif-
ically investigated CAP in outpatients and also found that
S. pneumoniae was the most frequent pathogen (35.1% of cases
with an established aetiological diagnosis) [7]. Similarly,
S. pneumoniae was the most frequent pathogen causing CAP
in younger patients (18—65 years) and patients with nursing-
home-acquired-pneumonia [8,9].

In conclusion, S. pneumoniae is the most important patho-
gen in CAP in various different settings, indicating that
epidemiological data on CAP in many cases mirror the
situation in PP.
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FIG. 2. Mean aetiological fraction of community-acquired pneumonia
pathogens in adults admitted to the hospital. Abstracted and modified
from European Respiratory Society guidelines on lower respiratory
tract infections [3]. SP, Streptococcus pneumoniae; HI, Haemophilus
influenzae; LP, Legionella pneumophila; MC, Moraxella catarrhalis; SA,
Staphylococcus aureus; GNEB, Gram-negative enteric bacilli; PA,
Pseudomonas aeruginosa; MP, Mycoplasma pneumoniae; CS, Chlamydia
species (all); CPne, Chlamydophila pneumoniae; CPsi, Chlamydophila
psittaci; CB, Coxiella burnetii.
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Incidence of CAP
In Europe, incidence rates for CAP range from 1.6 per 1000 in
Spain to 11.6 per 1000 in Finland [I0,l1]. Reports from
England and Germany show intermediate rates (2.0 and 3.7—
10.1 per 1000, respectively) [12,13]. It is not known whether
these differences are related to study design or to actual
differences between populations. In the USA, incidence rates
for CAP requiring hospitalization were estimated to be 2.7 per
1000 in a large cohort [14]. Reliable data on incidence rates of
CAP in other parts of the world are scarce. The few studies
from the Asian-Pacific region report incidence rates from 0.2
to 0.9 per 1000, but these are probably underestimated [I5].
Some recently published studies report an increase of
hospital admissions due to CAP of about 30% in the last
decade, suggesting that the annual incidence rates might have
increased [12,16]. On the other hand, a study from the USA
presented opposing findings, with the number of CAP
hospitalizations declining by 54.8 per 100 000 annually after
the initiation of PCV7 vaccination, leading to 168 000 fewer
hospitalizations per year [17].

Outcome of CAP

In the USA, pneumonia was the eighth leading cause of death in

2004 and caused 1.3 million hospitalizations in 2005 [18].
Roughly, mortality rates can be divided into short-term

(in-hospital or 30-day mortality) and longer-term mortality.

Short-term mortality. Risk factors for short-term mortality in
CAP are shown in Table | [I9-21]. In Europe, reported
short-term mortality of CAP varied between <% and 48% [4].
This great variability depends on multiple factors, including
demographic differences, comorbid conditions, ambulatory
versus hospitalized patients and time to follow up.

The mean short-term mortality in CAPNETZ, a large
German competence network for CAP, was 8.6% (varying

from 0.8% in outpatients to 12.2% in hospitalized patients)

TABLE I. Risk factors for short-term mortality in commu-
nity-acquired pneumonia (CAP) and invasive pneumococcal

disease [19-21].

Community-acquired pneumonia Invasive pneumococcal disease

Male gender
Neoplastic disease
Neurological disease
Bacteraemia
Leucopenia
Multilobar infiltrate
Pleuritic chest pain
Hypothermia
Systolic hypotension
Tachypnoea
Diabetes mellitus

Male gender

Solid malignancy

Increasing age

Liver disease

Renal disease

Chronic pulmonary disease
Higher Charlson Index
Nursing home residence
High acute physiology score
Mechanical ventilation
Alcohol abuse

Smoking
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[22]. In Germany, overall in-hospital mortality for CAP was
14% in 2005-2006. Mortality started to increase significantly
with age in patients older than 40 years. [23].

Examining in-hospital mortality differences between world
regions, the highest mortality was found in Latin America
(13.3%) followed by Europe (9.1%) and North America (7.3%)
[24].

Trends in in-hospital mortality between 1993 and 2005
were examined in the USA and decreased from 8.9% to 4.1%,
showing that mortality rates in CAP are changing [25].

Long-term mortality. The excess mortality after surviving the
initial CAP episode can be as high as 50% within 5 years [26]. A
Dutch cohort estimated cause-specific long-term mortality
(7 years) and found mortality rates more than three times as
high as in the general population. Malignancy (27%), chronic
obstructive pulmonary disease (19%) and cardiovascular dis-
ease (16%) were the most frequent causes of death [27].
Similarly, in a general practice population in the UK, 30-day and
3-year mortality in CAP patients were 18.5% and 30.8%,
respectively, versus 0.4% and 10.3% in controls [28].

Invasive Pneumococcal Disease

Invasive pneumococcal disease is defined as an infection
confirmed by the isolation of S. pneumoniae from a normally
sterile site, such as blood or cerebrospinal fluid. The IPD
burden is mainly determined by pneumococcal meningitis,
bacteraemic PP and pneumococcal bacteraemia without a
primary focus.

In a description of almost 16 000 IPD cases in adults in the
USA, the origin of infection was pneumonia in 53% and
meningitis in 5%. In 40%, bacteraemia was diagnosed without a
focus [29].

Incidence of IPD

Invasive pneumococcal disease accounted for over 36 000
cases in the USA in 201 1. The incidence of IPD was strongly
age-related with 38% of cases occurring in children under
2 years of age and another 54% in adults above 50 years of
age. IPD was more common in blacks than in whites (incidence
rates 16.6 vs 11.0/100 000) [30]. Incidence rates of IPD in
Europe ranged from || to 27 per 100 000, whereas estimates
from North America in the same period ranged from 15 to 49
per 100 000 [31-33]. Even higher incidence rates of IPD are
reported in particular regions of Asia, i.e. up to 216 cases per
100 000 annually in Taiwan [34]. Furthermore, numbers of IPD
in the developing world are probably underestimated because

of low diagnostic sensitivity and limited access to care.

Obviously, the incidence of IPD is influenced by preventive
measures such as vaccinations. PCVs have been developed
since the 1990s, and the use of PCV7 vaccination in children
was approved in 2000 by the US Food and Drug Administra-
tion and in 2001 by the European Union. Currently, 70% of
high-income countries are using PCV7 in their national
immunization programmes [35].

A large amount of data are available describing the impact of
PCV7 on IPD worldwide. A recent review, including ten
studies, showed a reduction in the post-vaccination incidence
rate of all serotype-IPD of 26.8% in comparison with the
pre-vaccination period. Highest reductions were seen in the
USA (44.7%) [36].

Of note, unvaccinated persons seem to be indirectly
protected from IPD, probably because of a reduction in
circulating infectious pathogens in the whole population, an
effect that is called ‘herd protection’ [37].

It is important that, in the above-mentioned review, two
European studies showed non-significant increases in incidence
of IPD [36]. An additional European study also showed an
increase in overall IPD incidence from 14.2 to 17.9 cases per
100 000. Several mechanisms explaining these (geographical)
differences were proposed, including different vaccine cover-
age in the USA, fluctuations in serotypes or outbreaks of
infections in specific areas [38].

Although overall IPD incidence after the introduction of
PCV7 decreased in the USA, the proportion of cases among a
specific population of high-risk adults (those with Pneumo-
coccal Polysaccharide Vaccine 23 indications) rose. In 1998,
51% of nearly 6000 IPD cases were among these adults,
whereas in 2009, this proportion rose to 61% of over 3000
cases, suggesting that despite the ‘herd protection’ these, often
elderly patients with comorbidities, remain a very susceptible
group for IPD [39].

Serotypes in IPD

Currently, at least 93 serotypes of pneumococci are known.
Serotypes are distinguished by their unique polysaccharide
capsule [40]. Before the introduction of PCV7, most pneumo-
coccal infections were caused by the seven serotypes in the
vaccine (4, 6B, 9V, 14, 18C, |19F and 23F). In adult and paediatric
studies from the USA in the late 1990s these serotypes
accounted for 59% and 87% of IPD, respectively [41].

After the introduction of PCV7, the serotype distribution
changed dramatically. A recent study from the USA showed
that PCV7-type IPD in all age groups decreased from 64% to
around 4% [42]. Similar observations were seen in Europe,
with, for example, one study from the UK showing a 98%
decrease in PCV7-type IPD in children younger than 2 years

and an 81% decrease in adults above 65 years [37].

©2013 The Authors
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In the post-vaccine era, serotype |19A became the most
prevalent serotype (20% of isolates). However, after intro-
duction of PCVI3 (PCV7 plus I, 3, 5, 6A, 7F and 19A), no
further increase in prevalence was observed [42]. As expected,
even a reduction of 58% of serotype |9A isolates in young
children was observed after PCV 13 introduction [43].

Outcome of IPD
Risk factors for short-term mortality in IPD are shown in
Table | [19-21]. Case mortality rates for IPD range from 11
to 30% in adults in the western world [31,44—46]. Recent
reports from Asia show case fatality rates of 26-30% [47,48].
The reported impact of PCV7 introduction on mortality rates
is variable. Studies from the USA generally show reductions in
mortality across all age groups, ranging from 38% to 78% [49—
51]. Another report from the USA found a decline of 18%
specifically in adults older than 50 years [52]. A recent study in
Europe on the other hand, presented unchanged case fatality
rates between periods from 1996 to 2001 and from 2005 to
2009 (15.2% vs 17.1%). IPD in the post-vaccine period was
even associated with higher rates of septic shock (19.1% vs
31.1%) and a trend towards higher case fatality in adults aged
between 50 and 65 years (11.6% vs 23.5%) [38].

Although paediatric vaccination programmes seem to
positively influence (especially vaccine-type) IPD incidence,

morbidity and mortality remain high.

Pneumococcal Disease in the Elderly

The human population is ageing, posing major challenges for
future health care [53]. Rates of PD have always been highest
among the very young and the very old [54]. In the elderly, PP
mainly determines the burden of PD. The presence of
underlying comorbid diseases, impaired mucociliary clearance
and a waning immune system all contribute to an increased risk
of (pneumococcal) pneumonia in the elderly [55].

As only a few studies have examined PP per se, most
conclusions can be drawn from reports about CAP in elderly
populations. Also in this elderly group, S. pneumoniae is the
most frequently isolated pathogen (40-50%) [56, 57].

The overall incidence of CAP rises dramatically with age,
with estimated rates ranging from 18.2 per 1000 person-years
in people aged 65-69 years, to as high as 52.3 per 1000
person-years in those aged over 85 years [58]. In a study from
Germany, overall incidence of CAP was 2.9 per 1000, rising up
to 7.7 in adults over 60 years and to 35.8 in adults over
90 years of age [23]. Furthermore, hospitalization rates for
elderly patients with pneumonia tend to increase, illustrated by
a 20% increase between 1988-1990 and 2000-2002 in the

©2013 The Authors

USA [59]. Among US adults aged 50 years or older, nearly
30 000 cases of IPD and over 500 000 cases of non-bacterae-
mic PP were estimated to occur yearly, resulting in more than
25 000 pneumococcus-related deaths [60].

Mortality rates in the elderly with CAP are significantly
higher than in CAP patients under 65 years, being 10.3%
versus 2.2% in a large Spanish cohort [61]. In elderly patients
with severe CAP requiring mechanical ventilation, mortality
rates rose as high as 55% [62].

Overall, it seems important to focus on preventive
measures against PD, especially in this group of vulnerable
elderly patients. Unfortunately, the changing immune system in
the elderly makes antibody responses weaker and protective
effects of vaccination are likely to be insufficient precisely in

this group, which needs protection the most [63].

Economic Burden of Pneumococcal Disease

Pneumococcal disease carries a high economic burden. Direct
healthcare costs of PD totalled $3.5 billion in the USA in 2004.
PP accounted for 72% of these costs [64]. Therefore, it is
interesting to look into the more detailed data available about
costs for CAP. In Europe, total healthcare costs related to
CAP were estimated to be as high as €10.1 billion annually.
One-third is related to indirect costs, i.e. loss of working days
[65]. Furthermore, several studies measured hospitalization
costs for CAP in Europe. They were estimated to be between
€1201 and €2330 per episode [66—68]. One of these studies
specifically compared the costs of PP with non-PP, and found
that PP had significantly higher overall costs (€2865 vs €2260,
respectively) [68]. Hospital costs in the USA are much higher
than in Europe. One review determined hospitalization costs
resulting from CAP to be $7000 to $8000 per episode [69].

Future costs for PD will probably rise, because the elderly
population will increase worldwide. One study used an analytical
model to calculate future economic costs of PP in the USA. These
costs will increase annually by $2.5 billion [70]. On the other
hand, possible future reductions in hospital stay could substan-
tially reduce CAP costs, with an approximate $2300 per reduced
day in the USA [71]. Furthermore, better preventive measures
will probably help to counteract the rise in costs for PD.

Impact of Novel Vaccines

Pneumococcal vaccination has seen important technical
developments within the last decade. Other articles in this
supplement cover pneumococcal vaccines in more detail. A

limitation of the polysaccharide vaccine is the limited
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protection against PP [72]. Because of the limited effective-
ness of polysaccharide vaccines in high-risk adults, at present
new conjugate vaccines (particularly PCVI3) are being
evaluated for preventing PD in adults [73]. Previous experi-
ence in children and from immunological studies suggest
improved efficacy [74,75]. Most is expected from a large
randomized trial in the Netherlands, establishing the pre-
ventive effect on PP of PCVI3 in 85 000 adults over 65 years
of age [76]. Inclusion and follow up into this trial have been
completed and the first results are expected early in 2014.
Many countries already changed their recommendations to
include conjugate vaccines [77].

Conclusion

Both non-invasive PD and IPD elicit a high medical and
economic burden. Elderly patients with comorbidities carry
the highest risk of developing PD.

In non-invasive PD, CAP carries the highest risk for
morbidity and mortality. Streptococcus pneumoniae remains
the most frequent pathogen in CAP and this is true for all
treatment settings. Pneumonia is also the most common
infectious source in adult IPD. The epidemiology of IPD
changed as the result of the introduction of paediatric PCV7
vaccination with a shift occurring towards serotypes not
included in the vaccine. Incidence rates of IPD generally
decreased, although a few studies showed (small) increases,
primarily in the elderly. Likewise, varying evidence is reported
about changes in IPD mortality after PCV7. Nevertheless, again
the vulnerable elderly remain exposed to a high risk of dying
because of IPD.

Hence, it is important to further develop and evaluate new

preventive measures.

Transparency Declaration

GGUR has received speaker’s fees from Pfizer, Boehringer
Ingelheim, Solvay, GSK, Essex Pharma, MSD and Novartis, and

travel expenses from GSK. JJCD has no conflicts of interest.

References

I. Ludwig E, Bonanni P, Rohde G, Sayiner A, Torres A. The remaining
challenges of pneumococcal disease in adults. Eur Respir Rev 2012; 21:
57-65.

2. Sanz Herrero F, Blanquer Olivas ]. Microbiology and risk factors for
community-acquired pneumonia. Semin Respir Crit care Med
2012;33:220-231.

21.

22.

. Woodhead M, Blasi F, Ewig S et al. Guidelines for the management of

adult lower respiratory tract infections—full version. Clin Microbiol
Infect 201 1; 17(suppl 6): EI-E59.

. Welte T, Torres A, Nathwani D. Clinical and economic burden of

community-acquired pneumonia among adults in Europe. Thorax 2012;
67: 71-79.

. Said MA, Johnson HL, Nonyane BA et al. Estimating the burden of

pneumococcal pneumonia among adults: a systematic review and
meta-analysis of diagnostic techniques. PLoS ONE 2013; 8: e60273.

. Rozenbaum MH, Pechlivanoglou P, van der Werf TS, Lo-Ten-Foe JR,

Postma MJ, Hak E. The role of Streptococcus pneumoniae in commu-
nity-acquired pneumonia among adults in Europe: a meta-analysis. Eur |
Clin Microbiol Infect Dis 2013; 32: 305-316.

. Cilloniz C, Ewig S, Polverino E et al. Community-acquired pneumonia

in outpatients: aetiology and outcomes. Eur Respir | 2012; 40: 931-938.

. Klapdor B, Ewig S, Pletz MW et al. Community-acquired pneumonia in

younger patients is an entity on its own. Eur Respir | 2012; 39: 1156~
16l.

. Ewig S, Klapdor B, Pletz MW et al. Nursing-home-acquired pneumonia

in Germany: an 8-year prospective multicentre study. Thorax 2012; 67:
132-138.

. Almirall J, Bolibar I, Vidal | et al. Epidemiology of community-acquired

pneumonia in adults: a population-based study. Eur Respir | 2000; 15:
757-763.

. Jokinen C, Heiskanen L, Juvonen H et al. Incidence of commu-

nity-acquired pneumonia in the population of four municipalities in
eastern Finland. Am | Epidemiol 1993; 137: 977-988.

. Trotter CL, Stuart JM, George R, Miller E. Increasing hospital

admissions for pneumonia England. Emerg Infect Dis 2008; 14: 727-733.

. Schnoor M, Hedicke |, Dalhoff K, Raspe H, Schafer T, group Cs.

Approaches to estimate the population-based incidence of community
acquired pneumonia. | Infect 2007;55:233-239.

. Marston BJ, Plouffe JF, File TM Jr et al. Incidence of community-acquired

pneumonia requiring hospitalization. Results of a population-based
active surveillance Study in Ohio. The Community-Based Pneumonia
Incidence Study Group. Arch Intern Med 1997;157:1709-1718.

. Song JH, Thamlikitkul V, Hsueh PR. Clinical and economic burden of

community-acquired pneumonia amongst adults in the Asia-Pacific
region. Int | Antimicrob Agents 201 1; 38: 108-117.

. Froes F, Diniz A, Mesquita M, Serrado M, Nunes B. Hospital admissions

of adults with community-acquired pneumonia in Portugal between
2000 and 2009. Eur Respir | 2013; 41: 11411 146.

. Griffin MR, Zhu Y, Moore MR, Whitney CG, Grijalva CG. US.

hospitalizations for pneumonia after a decade of pneumococcal
vaccination. N Engl | Med 2013; 369: 155-163.

. Niederman MS. Community-acquired pneumonia: the U.S. perspective.

Semin Respir Crit care Med. 2009;30:179-188.

. Fine MJ, Smith MA, Carson CA et al. Prognosis and outcomes of

patients with community-acquired pneumonia. A meta-analysis. JAMA
1996; 275: 134-141.

. Naucler P, Darenberg ], Morfeldt E, Ortqvist A, Henriques Normark B.

Contribution of host, bacterial factors and antibiotic treatment to
mortality in adult patients with bacteraemic pneumococcal pneumonia.
Thorax 2013; 68: 571-579.

Kalin M, Ortqvist A, Almela M et al. Prospective study of prognostic
factors in community-acquired bacteremic pneumococcal disease in 5
countries. | Infect Dis 2000; 182: 840-847.

Welte T, Kohnlein T. Global and local epidemiology of commu-
nity-acquired pneumonia: the experience of the CAPNETZ Network.
Semin Respir Crit care Med 2009; 30: 127—135.

. Ewig S, Birkner N, Strauss R et al. New perspectives on commu-

nity-acquired pneumonia in 388 406 patients. Results from a nation-
wide mandatory performance measurement programme in healthcare
quality. Thorax 2009; 64: 1062—1069.

©2013 The Authors

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 5), 45-51



50

Clinical Microbiology and Infection, Volume 20 Supplement 5, May 2014

CMI

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Arnold FW, Wiemken TL, Peyrani P, Ramirez ]JA, Brock GN, authors
C. Mortality differences among hospitalized patients with commu-
nity-acquired pneumonia in three world regions: results from the
Community-Acquired Pneumonia Organization (CAPO) International
Cohort Study. Respir Med 2013;107:1101-1111.

Ruhnke GW, Coca-Perraillon M, Kitch BT, Cutler DM. Trends in
mortality and medical spending in patients hospitalized for commu-
nity-acquired pneumonia: 1993-2005. Med Care 2010; 48: |III-
1116.

Restrepo MI, Faverio P, Anzueto A. Long-term prognosis in commu-
nity-acquired pneumonia. Curr Opin Infect Dis 2013; 26: 151-158.
Bruns AH, Oosterheert JJ, Cucciolilo MC et al. Cause-specific
long-term mortality rates in patients recovered from commu-
nity-acquired pneumonia as compared with the general Dutch
population. Clin Microbiol Infect 2011; 17: 763-768.

Myles PR, Hubbard RB, Gibson JE, Pogson Z, Smith CJ, McKeever TM.
Pneumonia mortality in a UK general practice population cohort. Eur |
Pub Health 2009; 19: 521-526.

Robinson KA, Baughman W, Rothrock G et al. Epidemiology of
invasive Streptococcus pneumoniae infections in the United States, 1995~
1998: opportunities for prevention in the conjugate vaccine era. JAMA
2001; 285: 1729-1735.

Centers for Disease Control and Prevention. 2013. Active Bacterial
Core Surveillance Report, Emerging Infections Program Network,
Streptococcus pneumoniae, 201 1. [Internet]. 201 3.

Kyaw MH, Christie P, Clarke SC et al. Invasive pneumococcal disease
in Scotland, 1999-2001: use of record linkage to explore associations
between patients and disease in relation to future vaccination policy.
Clin Infect Dis 2003; 37: 1283—1291.

Reinert RR, Haupts S, van der Linden M et al. Invasive pneumococcal
disease in adults in North-Rhine Westphalia, Germany, 2001-2003. Clin
Microbiol Infect 2005; 11: 985-991.

Lynch JP 3rd, Zhanel GG. Streptococcus pneumoniae: epidemiology, risk
factors, and strategies for prevention. Semin Respir Crit care Med 2009;
30: 189-209.

Hung IF, Tantawichien T, Tsai YH, Patil S, Zotomayor R. Regional
epidemiology of invasive pneumococcal disease in Asian adults:
epidemiology, disease burden, serotype distribution, and antimicrobial
resistance patterns and prevention. Int | Infect Dis 2013; 17: e364-e373.
Fitzwater SP, Chandran A, Santosham M, Johnson HL. The worldwide
impact of the seven-valent pneumococcal conjugate vaccine. Pediatr
Infect Dis | 2012; 31: 501-508.

Myint TT, Madhava H, Balmer P et al The impact of 7-valent
pneumococcal conjugate vaccine on invasive pneumococcal disease: a
literature review. Adv Ther 2013; 30: 127-151.

Miller E, Andrews NJ, Waight PA, Slack MP, George RC. Herd
immunity and serotype replacement 4 years after seven-valent
pneumococcal conjugate vaccination in England and Wales: an obser-
vational cohort study. Lancet Infect Dis 2011; | I: 760-768.

Burgos ], Falco V, Borrego A et al. Impact of the emergence of
non-vaccine pneumococcal serotypes on the clinical presentation and
outcome of adults with invasive pneumococcal pneumonia. Clin
Microbiol Infect 2013; 19: 385-391.

Muhammad RD, Oza-Frank R, Zell E et al. Epidemiology of invasive
pneumococcal disease among high-risk adults since the introduction of
pneumococcal conjugate vaccine for children. Clin Infect Dis 2013; 56:
e59—e67.

Brueggemann AB, Griffiths DT, Meats E, Peto T, Crook DW, Spratt
BG. Clonal relationships between invasive and carriage Streptococcus
pneumoniae and serotype- and clone-specific differences in invasive
disease potential. | Infect Dis 2003; 187: 1424-1432.

Feikin DR, Klugman KP. Historical changes in pneumococcal serogroup
distribution: implications for the era of pneumococcal conjugate
vaccines. Clin Infect Dis 2002; 35: 547-555.

©2013 The Authors
Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 5), 45-51

42.

43.

44,

45.

46.

47.

48.

49.

50.

5.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

Richter SS, Heilmann KP, Dohrn CL, Riahi F, Diekema DJ, Doern GV.
Pneumococcal serotypes before and after introduction of conjugate
vaccines, United States, 1999-2011 (l.). Emerg Infect Dis 2013; 19:
1074-1083.

Kaplan SL, Barson W), Lin PL etal Early trends for invasive
pneumococcal infections in children after the introduction of the
|3-valent pneumococcal conjugate vaccine. Pediatr Infect Dis | 2013; 32:
203-207.

Mufson MA, Stanek R]. Bacteremic pneumococcal pneumonia in one
American city: a 20-year longitudinal study, 1978-1997. Am | Med 1999;
107: 345-43S.

Feikin DR, Schuchat A, Kolczak M et al. Mortality from invasive
pneumococcal pneumonia in the era of antibiotic resistance, 1995—
1997. Am | Public Health 2000; 90: 223-229.

Rock C, Sadlier C, Fitzgerald | et al. Epidemiology of invasive
pneumococcal disease and vaccine provision in a tertiary referral
center. Eur | Clin Microbiol Infect Dis 2013; 32: 1135-1141.

Thomas K, Mukkai Kesavan L, Veeraraghavan B et al. Invasive
pneumococcal disease associated with high case fatality in India. J Clin
Epidemiol 2013;66:36-43.

Song JY, Choi )Y, Lee JS et al. Clinical and economic burden of invasive
pneumococcal disease in adults: a multicenter hospital-based study.
BMC Infect Dis 2013; 13: 202.

Pilishvili T, Lexau C, Farley MM et al. Sustained reductions in invasive
pneumococcal disease in the era of conjugate vaccine. | Infect Dis 2010;
201: 32-41.

Tsigrelis C, Tleyjeh IM, Lahr BD, Nyre LM, Virk A, Baddour LM.
Decreases in case-fatality and mortality rates for invasive pneumococ-
cal disease in Olmsted County, Minnesota, during 1995-2007: a
population-based study. Clin Infect Dis 2008; 47: 1367—-1371.

Pulido M, Sorvillo F. Declining invasive pneumococcal disease mortality
in the United States, 1990-2005. Vaccine. 2010; 28: 889-892.

Lexau CA, Lynfield R, Danila R et al. Changing epidemiology of
invasive pneumococcal disease among older adults in the era of
pediatric pneumococcal conjugate vaccine. JAMA 2005; 294: 2043—
2051.

Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations:
the challenges ahead. Lancet 2009; 374: 1196-1208.

Butler JC, Schuchat A. Epidemiology of pneumococcal infections in the
elderly. Drugs Aging 1999; 15(Suppl 1): 11-19.

Fung HB, Monteagudo-Chu MO. Community-acquired pneumonia in
the elderly. Am | Geriatr Pharmacother 2010; 8: 47-62.

Vila-Corcoles A, Ochoa-Gondar O, Rodriguez-Blanco T, Raga-Luria X,
Gomez-Bertomeu F, Group ES. Epidemiology of community-acquired
pneumonia in older adults: a population-based study. Respir Med 2009;
103: 309-316.

Cilloniz C, Polverino E, Ewig S et al. Impact of Age and Comorbidity on
Etiology and Outcome in Community-Acquired Pneumonia. Chest
2013; 144: 999-1007.

Jackson ML, Neuzil KM, Thompson WW et al. The burden of
community-acquired pneumonia in seniors: results of a popula-
tion-based study. Clin Infect Dis 2004; 39: 1642—1650.

Fry AM, Shay DK, Holman RC, Curns AT, Anderson LJ. Trends in
hospitalizations for pneumonia among persons aged 65 years or older
in the United States, 1988-2002. JAMA 2005; 294: 2712-2719.
Weycker D, Strutton D, Edelsberg ], Sato R, Jackson LA. Clinical and
economic burden of pneumococcal disease in older US adults. Vaccine.
2010; 28: 4955—4960.

Kothe H, Bauer T, Marre R et al. Outcome of community-acquired
pneumonia: influence of age, residence status and antimicrobial
treatment. Eur Respir | 2008; 32: 139-146.

El-Solh AA, Sikka P, Ramadan F, Davies J. Etiology of severe pneumonia
in the very elderly. Am J Respir Crit Care Med 2001; 163(3 Pt I): 645~
651.



CMI

Drijkoningen and Rohde Pneumococcal burden in adults 51

63.

64.

65.

66.

67.

68.

69.

70.

Weinberger B, Herndler-Brandstetter D, Schwanninger A, Weiskopf
D, Grubeck-Loebenstein B. Biology of immune responses to vaccines
in elderly persons. Clin Infect Dis 2008; 46: 1078—1084.

Huang SS, Johnson KM, Ray GT et al. Healthcare utilization and cost of
pneumococcal disease in the United States. Vaccine. 201 I; 29: 3398—
3412.

Gibson GJ, Loddenkemper R, Sibille Y. European lung white book. 2 edn.
Sheffield, UK: European Respiratory Society/European Lung Founda-
tion, 2003.

Bauer TT, Welte T, Ernen C et al Cost analyses of commu-
nity-acquired pneumonia from the hospital perspective. Chest 2005;
128: 2238-2246.

Bartolome M, Almirall J, Morera | et al. A population-based study of the
costs of care for community-acquired pneumonia. Eur Respir | 2004; 23:
610-616.

Sicras-Mainar A, Ibanez-Nolla ], Cifuentes |, Guijarro P, Navarro-Art-
ieda R, Aguilar L. Retrospective epidemiological study for the
characterization of community-acquired pneumonia and pneumococcal
pneumonia in adults in a well-defined area of Badalona (Barcelona,
Spain). BMC Infect Dis 2012; 12: 283.

De Graeve D, Beutels P. Economic aspects of pneumococcal
pneumonia: a review of the literature. Pharmacoeconomics 2004; 22:
719-740.

Wroe PC, Finkelstein JA, Ray GT et al. Aging population and future
burden of pneumococcal pneumonia in the United States. | Infect Dis
2012; 205: 1589-1592.

71.

72.

73.

74.

75.

76.

77.

Kozma CM, Dickson M, Raut MK et al. Economic benefit of a |-day
reduction in hospital stay for community-acquired pneumonia (CAP). |
Med Econ 2010; 13: 719-727.

Vila-Corcoles A, Ochoa-Gondar O, Rodriguez-Blanco T, Gut-
ierrez-Perez A, Vila-Rovira A, Group ES. Clinical effectiveness of
23-valent pneumococcal polysaccharide vaccine against pneumonia in
patients with chronic pulmonary diseases: a matched case—control
study. Hum Vaccin Immunother 2012; 8: 639-644.

Blasi F, Mantero M, Santus P, Tarsia P. Understanding the burden of
pneumococcal disease in adults. Clin Microbiol Infect 2012; 18(Suppl 5):
7-14.

Elemraid MA, Rushton SP, Shirley MD et al. Impact of the 7-valent
pneumococcal conjugate vaccine on the incidence of childhood
pneumonia. Epidemiol Infect 2012; 141: 1697—1704.

Paradiso PR. Pneumococcal conjugate vaccine for adults: a new
paradigm. Clin Infect Dis 2012; 55: 259-264.

Hak E, Grobbee DE, Sanders EA et al. Rationale and design of CAPITA:
a RCT of |3-valent conjugated pneumococcal vaccine efficacy among
older adults. Neth | Med 2008; 66: 378-383.

Durando P, Alicino C, De Florentiis D, Martini M, Icardi G. Improving
the protection against Streptococcus pneumoniae with the new gener-
ation | 3-valent pneumococcal conjugate vaccine. | Prev Med Hyg 2012;
53: 68-77.

©2013 The Authors

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20 (Suppl. 5), 45-51



	Pneumococcal infection in adults: burden of disease
	Abstract
	Introduction
	Non-invasive Pneumococcal Disease
	Aetiology of CAP
	Incidence of CAP
	Outcome of CAP

	Invasive Pneumococcal Disease
	Incidence of IPD
	Serotypes in IPD
	Outcome of IPD

	Pneumococcal Disease in the Elderly
	Economic Burden of Pneumococcal Disease
	Impact of Novel Vaccines
	Conclusion
	Transparency Declaration
	References


