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SUMMARY

Within the European Union (EU), documenting the burden of invasive pneumococcal

disease (IPD) in infants and children is important for coordinating effective pneumococcal
immunization policies. Our objective was to document the burden of IPD in countries of the
EU plus Switzerland and Norway. European affiliates of Wyeth Vaccines made available recent
epidemiological data on IPD from local disease surveillance programmes, including unpublished
sources. Recent literature and websites were also searched to provide as wide a representation as
possible. This included OVID and abstracts from a number of international meetings, dating
from the year 2000. The reported rates of paediatric IPD per 100000 (age) ranged from a low
of 1-7 (<2 years) to 42 (2-15 years) in Sweden to a high of 93-5 to 174 (<2 years) to 56-2

(<5 years) in Spain. The percentage of circulating serotypes causing IPD that are covered by
7-valent pneumococcal conjugate vaccine (PCV) IPD serotype coverage ranged from 60 % to

80 % for European children aged <2 years. Under reporting, differences in reporting methods,
antibiotic prescribing and disparities in blood-culturing practices may explain the differences

in reported disease incidence. Because of the excellent clinical efficacy of the PCV against IPD,
national pneumococcal vaccination programmes in Europe have the potential to prevent much
morbidity and mortality.

INTRODUCTION it is the often insidious onset of IPD, the pre-emptive
use of antibiotics before bacteriological culture and
the reluctance to perform lumbar puncture in the face
of neurological signs that make accurate ascertain-
ment of IPD incidence difficult [4, 5]. Surveillance has
been suboptimal due to either an absence of national
networks or the use of sentinel sites that may
not accurately reflect the national burden [6]. Now
that there is an intervention strategy in the form of
pneumococcal conjugate vaccine (PCV), it is even
more important to institute optimal reporting and
* Author for correspondence: Dr E.D. G. Mclntosh, Medical surveillance systems for IPD, in order that an accu-
Director Infectious Diseases, Global Medical Affairs, Wyeth rate measure can be obtained of its impact. Vaccine

Europa, Vanwall Road, Maidenhead, Berks SL6 4UB, UK.
(Email: mcintod @wyeth.com) manufacturers have European networks that can be

The unwanted and unwelcome presence of Strepto-
coccus pneumoniae in otherwise sterile body com-
partments such as the blood and cerebrospinal fluid
manifests itself as invasive pneumococcal disease
(IPD) [1]. Other capsulated organisms such as
Neisseria meningitidis and Haemophilus influenzae
type b also cause invasive diseases such as septi-
caemia, meningitis and septic arthritis [2, 3]. However,

https://doi.org/10.1017/50950268806007199 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268806007199

Paediatric invasive pneumococcal disease in Europe, 2005 645

harnessed to perform, and to obtain the results
of, studies designed to measure the local burden of
disease. The purpose of this paper is to document the
burden of IPD in different European countries before
the widespread use of 7-valent PCV.

METHODOLOGY

Medical personnel in Wyeth affiliates across Europe,
covering the EU25, Norway, and Switzerland, were
asked to provide recent published and unpublished
data for IPD by country, before the widespread
use of 7-valent PCV. Specifically, we sought data on
reporting period, data source, patient age range,
definition of IPD, type of IPD, actual numbers with
IPD, and age-specific rates of IPD. Serotype and/or
serogroup coverage for 7-valent PCV was requested.
Mortality data was not specifically sought, although
we have noted it when available; data on sequelae
was not specifically sought. Recent literature was
also searched to provide as wide a representation as
possible. This included OVID and abstracts from the
European Congress of Clinical Microbiology and
Infectious Diseases (ECCMID), European Society
for Paediatric Infectious Diseases (ESPID), the
International Symposium on Pneumococci and
Pneumococcal Disease (ISPPD), and the Interscience
Conference on Antimicrobial Agents and Chemo-
therapy (ICAAC), dating from 2000.

Some national reference centres display a website.
For example, the Czech Republic (Czech Paediatric
Society; http://www.szu.cz/cema/epidat/epidat.htm and
http://www.ockovanideti.cz/), Denmark (Statens Serum
Institute; www.ssi.dk), England and Wales (http://
www.hpa.org.uk/infections/topics_az/pneumococcal/
data.htm), Scotland (http://www.show.scot.nhs.uk/
scieh/), Germany (http://www.pneumococcus.de/), The
Netherlands  (http://www.pneumokokken.nl/), and
Portugal (http://www.insarj.pt/).

These national websites were also searched. The
Czech, Danish, Dutch and Portuguese sites are not yet
populated with national data on IPD; the England/
Wales/Scotland and German sites were used in ob-
taining material for the present analysis. There are no
national pneumococcal websites in Austria, Belgium,
Finland, France, Greece, Hungary, Italy, Norway,
Slovenia, Spain, Sweden or Switzerland. (A Nordic
pneumococcal website is planned.) The Portuguese
site displays information on pneumococcal resistance.
Links to national sites are available through: http://
www.eurosurveillance.org/links/links-02.asp
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RESULTS

The results are shown in Tables 1-5.

Clinical and microbiological definitions of IPD

The local clinical and microbiological definitions
by country, where available, are detailed in the
Appendix. The definitions of IPD included ‘isolation
of Streptococcus pneumoniae from a normally sterile
body site’. However, in varying degrees, micro-
biological diagnostic methods (culture, polymerase
chain reaction, latex agglutination) and clinical
entities (sometimes including pneumonia) were both
part of the definitions in use in some countries.

Published sources of data

Table 1 shows the published sources of data and
reporting periods for paediatric IPD in Europe.
The reporting periods reflect reported rates before
the widespread use of 7-valent PCV in Europe.
Representatives of 27 countries were approached
and there were responses from 18. IPD incidence
rates were obtained from the following countries:
Austria, Belgium, Czech Republic, Denmark,
Finland, France, Germany, Greece, Hungary, Italy,
The Netherlands, Norway, Portugal, Slovenia, Spain,
Sweden, Switzerland and the United Kingdom.

Unpublished sources of data

In addition to the published studies, unpublished data
is also available. Table 2 shows unpublished, primary
source data for paediatric IPD in Europe. For
Hungary, an unpublished recent Wyeth-sponsored
study entitled ‘Prospective evaluation of the incidence
of IPD (invasive pneumococcal disease), the sero-
types and the resistance against commonly used
antibiotics of S. pneumoniae isolates in hospitalized
children up to 5 years of age with IPD including
meningitis from selected paediatric wards (covering
approximately 90%) in Hungary: a two year
observational study’, reported 55 infants and children
with IPD.

Unpublished data is also shown for Italy, The
Netherlands and Portugal. Although information
on suspected pneumococcal pneumonia was not
specifically sought, pneumococcal pneumonia requir-
ing hospitalization in Portugal was reported to occur
at a rate of 144-44/100 000 in those aged 0—2 years and
8062 in those aged 0—4 years [43].
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Table 1. Published sources of data and reporting Table 1 (cont.)
eriods for paediatric IPD in Europe
r Jorp ’ Country Start Finish Ref.
Country Start Finish Ref. Switzerland 1985 1994 (59]
Austria 2001 2003 [7] 1998 1999 [60]
Belgium 1983 2002 8] 1998 1999 [61]
1994 5000 o] 1998 1999 [62]
2001 2001 [63]
1997 2000 [10]
5000 5003 0] 2003 2003 [64]
Czech Republic 1996 2003 [12] UK 1980 1999 [63]
1996 5003 (03] 1988 1999 [66]
1991 1996 [67]
Denmark 1989 1994 [14] 1995 1997 [68]
1981 1999 [15] 1995 1999 [69]
1995 1999 [16] 1999 1999 [70]
1999 2000 (17] 1999 2001 [71]
Finland 1985 1989 [18] 2000 2000 [72]
1995 2002 [19]
France 1984 1996 [20]
1987 1993 [21]
1993 1999 [22]
1993 1999 [23] Reported rates of IPD by age and country
}gg; }gg; Eg} Table 3 shows the reported rates per 100000 of total
IPD (including pneumococcal meningitis) and of
1994 1998 [26] eum
1995 2000 [27] pneumococcal meningitis by age (<1 year and <2
1997 1997 [28] years) by country. Table 4 shows the reported rates
1997 2002 [29] per 100000 of total IPD (including pneumococcal
;99? ;00(1) [3(1)] meningitis) and pneumococcal meningitis by age (25
00 00 311 years and <5 years) and by country.
Germany 1997 2000 [32]
1997 2002 [33, 34]
Greece 1995 1999 [35] Serotype coverage
2001 2002 .
00 00 [36] Table 5 shows the published rates of 7-valent PCV
Ttaly ;(9)3‘11 ;3(9)21; Eg serotype coverage by age and by country.
The Netherlands 1996 1999 [39]
Norway 1985 1990 [40] Regional differences
;(9)3? 588} {ig For Spain, there are reported to be regional differ-
ences. One report suggests that Spain may have the
Portugal 1999 2002 43 . .
lor ug.a [43] highest reported rate of IPD in Europe at 174/100 000
S Ov.ema 1993 2001 [44] for the 0-23 months age group [49]. Another report
Spain 132; ;ggé [32] shows that in Navarre and the Basque country the
1990 1999 {47} reported rate for this age group is 93-5/100 000, while
1991 2002 [48] that for children aged 2-5 years is 30-1/100000
1992 2001 [49] (Navarre 45-5, Basque Country 25-4) [52]. Similarly,
1994 2002 [50] for meningitis in the 2-5 years age group the overall
1996 1998 [51] reported rate in Spain is 1-5/100000, while in
5(9)?)(8; 3881 Ei} Catalonia, it is 2-5 and in Galicia, Basque Country
2000 2000 [54] and Navarre it is reported to be 0-0 [53]. In Valencia,
Sweden 1964 1980 [55] with prospective active surveillance at 19 regional
1981 1995 [56] hospitals, the rates for all IPD were lower than for the
1990 1999 [57] rest of Spain at 16-8/100000 for those aged <2 years
1998 2001 [58] and 10-5/100000 for those aged <5 years. Regional
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Table 2. Unpublished, primary source data for paediatric IPD in Europe

IPD incidence/100 000

% of circulating serotypes

covered by 7-valent PCV Additional information

Country (age group)
Hungary/90 % of children’s IPD 9-2, meningitis 1-7

wards (<60 mo.)
IPD 9-7, meningitis 2-3

(<24 mo.)

IPD 6-1, meningitis 0-7
(24 to <60 mo.)

Meningitis 2-23 (<1 yr)

Meningitis 1-18 (<4 yr)

Italy/Passive surveillance
by ISS (Upper Council

for Health)
Italy/Lab-based active IPD 11-3 (<1 yr)
surveillance IPD 7-6 (<2 yr)

Italy/Hospital-based active
surveillance, ongoing
project

IPD 44-2 (<1 yr)
IPD 539 (<3 yrs)

Italy/Paediatricians Territory
Network

Italy/Hospital and IPD 47-4 (<5 yrs)
Paediatricians Territory

Network

Italy/National Hospital
Network for IPD
Surveillance

The Netherlands/ IPD 33-7, meningitis 14-6

Netherlands Reference Lab, (<2 yr)
Bacterial Meningitis AMC/  IPD 19-4, meningitis 7-3
RIVM in Amsterdam (<Syr)

Portugal INFARMED — IPD 10-4, meningitis 8-2
Instituto Nacional da (<2yr)
Farmacia e do IPD 59, meningitis 4:6
Medicamento (1995-2000) (<4 yr)

Wyeth-sponsored study
(unpublished)

Serotype 70 %, serogroup
85% (<24 mo.)

Serotype 61-5 %, serogroup
69-2% (24 to <60 mo.)
Serotype 80 % S. Salmaso, personal

communication, 2001

S. Salmaso, Congress
of Italian Hygienists,
Sept. 2002

F. Tancredi, G. C. Schito,
unpublished preliminary
data, 6-month period
November 2002 to April
2003

G. Romano, unpublished
preliminary data, 9-month
period October 2002 to
June 2003

A. Maida, unpublished
preliminary data, 6-month
period November 2002 to
April 2003

Prof. Schito (Genova) at
‘National Congress about
Epidemiology and
Prevention of
Pneumococcal Infections’
Rome, 8 Sept. 2003

Wyeth-sponsored study
(unpublished)

Serotype 81-2% (<5 yr)

81% (<2 yr)
70% (2-5 yr)

(Unpublished)

Pneumococcal pneumonia
needing hospitalization
144-44 cases/100000; 0-44
deaths/100 000 (<3 yr)

Pneumococcal pneumonia
needing hospitalization
80-62 cases/100000; 0-22
deaths/100 000 (<4 yr)

differences are also reported in Germany, and are
probably related to day-care attendance [33, 34].

DISCUSSION

Not only are the definitions of what constitutes IPD
in various European countries different, but also
reported incidence rates and potential 7-valent PCV
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coverage vary widely. Our approach to compiling the
data, while not systematic, does draw on a variety of
sources and offers insights into why the differences
exist. It is possible that responsible authorities in
certain countries have not published their data or data
has been published selectively. By contrast, sentinel
sites across the United States may provide a more
accurate picture of the burden of IPD there.
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Table 3. Reported IPD incidence rates* by country for infants and

children aged <2 years

All IPD Meningitis
<lyr <2yr <lyr <2yr Ref.
Austria — 14-5 — 77 [7]
Belgium — 104-4 — 161 [11]
Denmark 17-5-58-8 13-7-54-8 17-4 12-4 [15]
— 38 — — [14]
Finland — 453 — 4-7 [18]
— 399 — 3-0 [19]
France 40-50 — — — [28]
41-5 — — 4-10 (27]
— 592 — — [26]
Germany — 16-19 — 7-2-7-9 [32]
Great Britain — 284 — 11-8 [57]
— 42-1 — 15 [65]
39-7 — 157 — [68]
— — 14-8 — [69]
— 21-51 — — [71]
Italy — 5:9-11-3 — 4-7-5-7 [38]
Norway — 20 6-1 — [41]
Spain — 93-5 — 14 [52]
— 16-8 — 3-8 [51]
— 174 — 14-8 [49]
— — 17-75 13-1 [53]
— 78:6 — — [54]
Sweden — 25-8 — — [54]
— 19-4 — 10 [57]
4 — — — [56]
Switzerland — 11-0 — 5:6 [59]
— 23-6-30-8 — — [62]

* Reported incidence per 100 000 population per year.

Regional and local differences in the reported
incidence of IPD in Europe are exemplified by
Spain. Spain also tops the ‘league table’ for IPD
in the <2 years age group with reported rates between
93-5 and 174/100000, depending on the source.
This compares with the reported rate of IPD
of 166-9/100000 child-years in the United States
before the introduction of 7-valent PCV [73] but
is still very much less than the very high re-
ported rate of 2052/100000 reported for infants
and children aged <2 years in central Australia [74].
These are likely to be due to real differences in
pneumococcal carriage, transmission, exposure and
susceptibility.

There is a lack of consistency by which IPD is re-
ported by particular age bands, making comparisons
difficult, as can be seen from Tables 3 and 4. In most
reporting systems, pneumococcal meningitis can be
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distinguished from overall IPD. The highest reported
rates for pneumococcal meningitis are in the <12
months age group in Spain (17-75/100 000) [53] and in
those aged <2 years in Belgium (16-1/100000) [11].
These are considerably higher than rates reported
by Noah and Henderson in a survey of bacterial
meningitis in Europe during 1999/2000 in which the
reported crude incidence for combined laboratory-
confirmed and notified cases of pneumococcal
meningitis ranged from 0-:07/100000 per year for
Poland to 1:06/100 000 per year for The Netherlands
[75]. In the present analysis, while information on
the sequelae of pneumococcal meningitis was not
specifically sought, sequelae were noted to occur in up
to 20% of cases of pneumococcal meningitis in
Sweden [57] and 30% in France [22], reflecting not
only a preventable health burden but also a life of
considerable disability for survivors.
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Table 4. Reported IPD incidence rates* by country for children in the 2-5 and <5 years age groups

All IPD Meningitis
2-5yr <Syr 2-5yr <Syr Ref. Notes
Austria 7-8 13-7 2:4 60 [7
Belgium — 30 — 4 [8]
30 59-5 2 77 [11]
Denmark 5-3-16-8 4-4 [15]
2:4-10-3 — 10 — [17] 2-5yr=2-6yr old
Finland — 24-2 — 2-1 [18]
— 4-5 — 0-3 [19] <5yr=2-15yrold
France — 12 — — [28] <Syr=1-4yr old
— — — — [22] Sequelae in 30 % aged 1 mo. to 16 yr
Germany — 89-106 — 3943 [32]
Great Britain — 225 69 [65]
— 14-5 — 55 [68]
— 21-2 — 62 [69]
Greece — 100 — 6 [35]
— 44 — 2 [35] <Syr=<14yrold
Hungary — 92 — 1-7 Unpublished
Ttaly — — — 1-1 [37]
— 2:8-63 — — [38]
The Netherlands — 58 — 82 [39]
Norway — 8 — — [41] <S5 yr=3-5yrold
— 33 — 18 [42] <Syr=<9yrold
Spain — 56 — 8 [52]
— 10-5 — 2-4 [51]
— — — 63 [53]
Sweden — — — 5-8 [57] <5 yr= <6 yr old; severe sequelae in 20 %
— 42 — — [57] <Syr=2-15yrold
Switzerland 8 — — — [Anon, 2000]
— 7-6 — 31 [59]
— 13-7-21-1 — 1-6 [62]

* Reported incidence per 100 000 population per year.

Whilst we did not specifically seek data on
suspected pneumococcal pneumonia, it was provided
on occasions as part of IPD reporting. For example,
pneumococcal pneumonia requiring hospitalization
in Portugal was reported to occur at a rate of 144-44/
100000 in those aged 0-2 years and 80-62 in those
aged 0—4 years [INFARMED, see Table 2], reflecting
a considerable burden on health-care utilization.
Bacteraemic pneumonia was also included in some of
the IPD reporting from Greece and Italy.

Where potential 7-valent PCV serotype coverage
data was available, there was a range from 48 % to
85% depending on the age group and the clinical
presentation, although in general the coverage was
>60% (Table 5). High potential coverage for infants
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and young children was evident despite variations
between countries in the distribution of individual
serotypes to coverage. Not only do vaccination
schedules vary between countries (e.g. 2, 3, 4, 1215
months vs. 2, 4, 6, 12-15 months) but also rec-
ommendations for the use of 7-valent PCV vary
about which at-risk group should be targeted [76].
Furthermore, what is perceived as being a condition
predisposing to IPD differs between countries. For
instance, cochlear implant, diabetes mellitus, previous
IPD, prematurity, low birth weight, failure to thrive
or day-care attendance are not universally perceived
as being risk factors for IPD. Finally, the 23-valent
pneumococcal polysaccharide vaccine shows poor
efficacy in the very young. Although this vaccine is
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Table 5. Summary of published serotype coverage data for total IPD by country

Ref. <2yr <Syr >5yr Age group clarifications
Austria [7] — 696 % —
Belgium 9] — 82%* —
[10] — 81-4%* —
[11] 77% 83% — <Syr=2-5yrold
Czech Republic [12, 13] 63-1% 62:3% — <Syr=2-5yrold
Denmark [15] 65 % — — <2yr=<l1yrold
[17] 85% — 44 % <2yr=1-2yrold; >5yr=5-6 yr old
[17] 71-7 — —
France [20] 83-3%* — — <2yr=<2% yrold
[25] — 80 %* — <Syr=<3yrold
[22]
(24]
[29] 85:5%* 656 %* — <Syr=>2yrold
[31] 86%* 79 %* — <5yr=>2yrold
Germany [33] — 76 % — <5 yr=7-43 mo. old
Great Britain [65] — 84 %* — <5yr=6 mo. to 5 yr old
[66] 84 % — —
[67] — 92% —
[69] — 79% —
[68] 77 % — — <2 yr=6-11 mo. old
84% — — <2 yr=12-23 mo. old
67% — <Syr=2-4yr old
[71] — 79-4% —
Greece [35] — — 66 % >5yr=<14yrold
[36] 87-9%* 57 %* — <Syr=2-5yrold
Ttaly [38] — 79% —
Norway [40] — 83-3% —
[42] 72:7% — —
[41]
Portugal [43] 63-2% 60 % — <S5yr=2-5yrold
Slovenia [44] 74 % — —
Spain [45] — — 60-5% >5yr=<15yrold
[54] 75%* — —
[46] — 80-2% —
[47] — — 78 %* >5yr=<14yrold
[48] 53-8% — —
[49] 76 % 64% — <5yr=2-5yrold
[50] 60 % 48 % — <Syr=>2yrold
Sweden [58] 66 % — —
Switzerland [64] 75% — 63%
[Anon, 2000] 73:0% — — <2 yr=<1yrold
— 73:3% — <Syr=2-4yrold
— — 466 % >S5 yr=>5-16 yr old

* Serogroup coverage.

recommended for individuals aged >2 years with
certain comorbidities, it is unlikely to be used in
healthy infants and children [77, 78].

With the expansion of the EU, the development of
a Europe-wide reporting system for serious infections
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such as IPD, which is similar to the Active Bacterial
Core Surveillance/Emerging Infections Program
Network of the US Centers for Disease Control and
Prevention, will be useful for coordinating prevention
strategies, and evaluating control measures including
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vaccination under the aegis of the European Centre
for Disease Prevention and Control (http://www.
ecdc.eu.int/). Furthermore, given the emergence of
pneumococcal antibiotic resistance, the coordination
of prevention efforts has wide implications for mini-
mizing the spread of resistant clones from one country
to another. There is already a European network
for monitoring the emergence of pneumococcal anti-
biotic resistance called the European Antimicrobial
Resistance Surveillance System (EARSS), which
can be found at: http://www.earss.rivm.nl/PAGINA/
interwebsite/home_earss.html.

What are the chances of coordinating data collec-
tion efforts across Europe? For organisms such as
S. pneumoniae, where disease affects all age groups
and clinical manifestations are legion, the logistics are
formidable. With the early administration of anti-
biotics, highly sensitive tests such as the polymerase
chain reaction may be the only method reliable
enough to detect the organism [79]. In the meantime,
the spread of antibiotic non-susceptible strains may
only become apparent through the emergence of
breakthrough disease [80, 81] unless European sur-
veillance programmes are in place. As an example,
the Tracking Resistance in the United States Today
(TRUST) programme reported increasing rates of
pneumococcal resistance over the 4-year period
1998-2002, before the widespread use of 7-valent
PCV in the United States [82]. Organizations such as
The Committee of the European Union Network
for the Surveillance and Control of Communicable
Diseases, the European Society for Paediatric Infec-
tious Diseases, and Eurosurveillance (see: www.
eurosurveillance.org) have the potential to coordinate
efforts for defining the burden of serious infections
such as those caused by S. pneumoniae. The EU
has established a series of standard case definitions
for infectious diseases, including pneumococcal
infections, at this website. With respect to prevention,
a report by the Summits of Independent European
Vaccination Experts has stated: ‘Only if the
European Union comes up with and implements
common vaccination goals with firm deadlines can the
best health through vaccination of all Europeans be
accomplished’ [83].

The burden of paediatric IPD in Europe is con-
siderable, even though the reported incidences vary
100-fold. Nonetheless, it remains difficult to obtain
the actual rates for some countries. Under reporting,
differences in reporting methods, antibiotic prescrib-
ing and disparities in blood-culturing practices may
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distort the true picture, although real differences do
exist due to variability in pneumococcal carriage,
transmission, exposure and susceptibility. A standard-
ized approach not only to surveillance and reporting
but also to diagnosis and management across
Europe is needed. This is the central dilemma of the
European concept —the preservation of treasured
cultural differences while attaining standardization in
areas where comparison is required. In conclusion,
PCV has the potential to prevent, once recognized,
much of the pneumococcal infection morbidity and
mortality arising from Europe.

APPENDIX. Local clinical and microbiological
definitions of IPD by country

Austria: ‘Cases were eligible for evaluation if they
had been admitted to a paediatric hospital and if
Streptococcus pneumoniae was identified by culture,
polymerase chain reaction (PCR), or a latex aggluti-
nation test of blood, cerebral spinal fluid (CSF), or
any other normally sterile site. Case identification was
based on two independent surveillance systems — one
hospital-based and the other laboratory-based’ [7].

Belgium: ‘Six clinical entities were defined as IPD:
meningitis, pneumonia with positive blood culture,
pneumonia with empyema, clinical septicaecmia,
bacteraemia without focal lesion (including cases with
acute otitis media) and other (arthritis, peritonitis).
Strains of Streptococcus pneumoniae isolated from a
normally sterile site in a child less than 5 years old
were sent by the local laboratories to the National
Reference Laboratory where serotyping and anti-
biotic testing (E-test) were performed. To be eligible,
each patient had to meet the following inclusion
criteria: (1) be younger than 5 years, (2) have a
Streptococcus pneumoniae isolated from at least one
culture of a normally sterile site like blood, CSF,
pleura, peritoneal or articular fluid and (3) obtain
written informed consent from parents or legal
guardian’ [11].

Czech Republic: ‘Clinical specimens (blood, cer-
ebrospinal fluid, autopsy specimens, lung puncture
aspirate, bronchoalveolar lavage fluid, sputum) of
patients with invasive pneumococcal infections’ [13].

Denmark: “ Streptococcus pneumoniae isolates from
normally sterile body sites ... Included in the present
study are invasive isolates — either from blood or cer-
ebrospinal fluid (CSF) ... Only one isolate per patient
obtained during a 30-day period is included. When
both a CSF and a blood isolate were received from the
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same patient with meningitis, only, the CSF isolate
was included’ [15, 17].

Finland: ‘A network of all microbiologic labora-
tories and paediatric wards in Finland. Children aged
0 to 15 years who were admitted to a hospital with
S. pneumoniae isolated from blood, cerebrospinal
fluid, or deep aspirate sample’ [18, 19].

France: ‘Clinical and bacteriological data related
to pneumococcal infections from hospitals located
throughout the entire country’ [21-26, 30, 31].

Germany: ‘Patients were enrolled in the study
if they had been admitted to a paediatric hospital and
if S. pneumoniae had been isolated from at least 1
culture of blood, CSF, or a sample from any other
normally sterile body site. Isolates from middle ear
fluid were not included’ [32-34].

Greece: ‘The medical records of patients who
had as discharge diagnoses bacteraemia, bacterial
meningitis, or lobar pneumonia and the medical
records of children from whom S. pneumoniae had
been isolated from blood, cerebrospinal fluid (CSF),
or any other normally sterile body site were reviewed
and abstracted’ [35]. The results included cases of
probable pneumococcal pneumonia.

Hungary: ‘Severe cases of invasive pneumococcal
disease which are hospitalised in Hungarian children’s
wards’ [unpublished study].

Italy: ‘Positive culture for S. pneumoniae in
normally sterile sites, as blood ... blood culture
performed for the following: infection site clinically
absent (fever peak >38:5°C or two close febrile
episodes >38 °C, and neutrophilia (>15000/ml);
clinically diagnosed pneumonia; active broncho-
pneumonia site; post-surgical infectious episode;
febrile episode in surgical and/or neutropenic
patients’ (Professor Schito, personal communication).
Blood or CSF positive by culture or PCR [38].

The Netherlands: ‘All clinical microbiological
laboratories send their CSF to The Netherlands
Reference Laboratory for Bacterial Meningitis
(NRBM)’, ‘pneumococci isolated from non-
meningitis patients with bacteraemia were submitted
to NRBM” [39].

Norway: ‘Patients included in the database are
those infected with Streptococcus pneumoniae, from
whom positive specimens have been obtained from a
sterile location — usually blood, cerebrospinal fluid
(CSF), or both’ [41, 42].

Portugal: ‘614 consecutive S. pneumoniae were
isolated from different specimens (blood, CSF,
pleural liquid) at 26 hospitals in Portugal’ [43].
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Slovenia: ‘All invasive strains ... from primary
sterile body sites’ [44].

Spain: ‘Isolation of S. pneumoniae in blood, cer-
ebrospinal fluid or any other sterile biological fluid’
[49, 51-54]. ‘Isolation of Streptococcus pneumoniae
and Hib in blood, cerebrospinal fluid (CSF) and
synovial fluid’ [48].

Sweden: ‘Isolates obtained from blood or CSF’
[57, 58].

Switzerland: ‘All isolated pneumococcal strains
found in sterile places (i.e. cerebrospinal fluid, blood,
etc.) are analysed’ [59—64].

United Kingdom: * All clinically significant bacterial
isolates from blood, cerebrospinal fluid (CSF) and
other sterile sites’ [66, 68, 70-72]. ‘Isolation of
S. pneumoniae from blood, cerebrospinal fluid (CSF),
or other normally sterile body sites’ [65].
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