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Abstract
Introduction: Invasive pneumococcal disease (IPD) incidence, serotype distribution, and antibiotic susceptibility of Streptococcus pneumoniae were
estimated in children aged 28 days to < 60 months.
Material and methods: One-year prospective, hospital-based surveillance
was conducted starting on February 15, 2008, at two children’s hospitals
serving the city and surrounding county of Poznań and Poznański, Poland.
Eligible children had fever ≥ 39.0°C or physician-suspected IPD. Blood cultures were obtained from all children, cerebrospinal fluid in suspected meningitis cases, and chest radiographs (CXRs) in suspected pneumonia cases.
Results: Seven of 1,581 eligible children had confirmed IPD. Estimated IPD
incidence per 100,000 children was 11.89 (95% CI: 4.78–24.50) overall and
20.1 (95% CI: 6.52–46.84) in subjects aged 28 days to < 24 months. One
S. pneumoniae isolate of each of the following serotypes was obtained: 6B, 14,
23A, 23F, and 33F. Two isolates were resistant to both trimethoprim-sulfamethoxazole and erythromycin. Clinical pneumonia incidence among children
aged 28 days to < 24 months and 24 months to < 60 months was 3,151.3
(95% CI: 2934.7–3379.7) and 962.7 (95% CI: 861.2–10,072.9) per 100,000
children, respectively. CXR-confirmed pneumonia rates in the same groups
were 1,035.7 (95% CI: 913.2–1,170.1) and 379.8 (95% CI: 317.1–451.3) per
100,000 children, respectively.
Conclusions: IPD is an important cause of morbidity in Poznań and Poznański county, Poland. Among participants aged < 5 years with fever or suspected IPD, pneumonia was the most common diagnosis and was highest in
children aged < 24 months.
Key words: X-ray-confirmed pneumonia, meningitis, bacteremia, incidence
rate.

Introduction
Streptococcus pneumoniae is a major cause of serious infections, including meningitis, septicemia, pneumonia, and bacteremia. These infec-
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tions are associated with high pediatric morbidity and mortality [1]. In children aged < 5 years,
clinical pneumonia is a leading cause of mortality
worldwide, accounting for about 19% of deaths
in childhood [2]. Currently, there are 94 pneumococcal serotypes, which are classified according to
variations in the bacterial polysaccharide capsule
[3]. Differences in invasiveness and disease severity vary by serotype and tend to change over time
and across different geographic regions; disease
severity is also affected by host-specific characteristics, such as age and underlying medical conditions [4]. Introduction of national immunization
programs, such as those implemented in Western
Europe, has led to substantial reductions in disease due to S. pneumoniae, particularly for serotypes that are covered by pneumococcal conjugate vaccines (PCVs) [5–7].
In 2008, prior to commencing the present
study, existing pneumococcal surveillance programs in Central and Eastern Europe were heterogeneous with respect to the populations covered,
data sources, types of data collected, and reporting systems. Most studies were based on passive
microbiology laboratory surveillance that did not
capture all pneumococcal disease, and most used
suboptimal standard culture techniques. Therefore, there was a clear need for prospective studies using active surveillance. During the conduct
of the present study, the 7-valent pneumococcal
conjugate vaccine (PCV7) was not included in the
Polish national immunization program free for all
children [8, 9]. Instead, access to the vaccine varied by municipality, and was determined by local
authorities and budgets. In 2008, only one locale
(Kielce, in the Świętokrzyskie Voivodeship) provided PCV7 as a free-of-charge vaccination for all
children born in and after January 2006 [10].
In accordance with a decree from the Polish
Ministry of Health, effective October 1, 2008,
PCV7 became available for all high-risk children
throughout Poland. This decree defines high-risk
children as those aged between 2 and 60 months
with traumas or central nervous system defects associated with cerebrospinal fluid (CSF) leakage, or
those with the following conditions: chronic heart
diseases with circulatory insufficiency, immunological-hematological disease, idiopathic thrombocytopenia, acute leukemia, lymphoma, congenital
spherocytosis, asplenia, nephritic syndrome (only
the genetically determined form), human immunodeficiency virus, or during the period preceding
or following a transplantation. Also included are
children born prematurely who are aged < 1 year
and have bronchio-pulmonary dysplasia [11]. In
Poznań, PCV7 vaccine was also available to children who attend daycare programs (personal
communication: J. Wysocki, June 2009). In 2009,
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a 10-valent pneumococcal conjugate vaccine containing 3 additional serotypes became available in
Poland, and in 2011, the 13-valent pneumococcal
conjugate vaccine (PCV13) was introduced and replaced PCV7.
Prior to the introduction of a new vaccine, the
Active Surveillance of Pneumococcal Epidemiology in Central Eastern Europe (ASPECT) study was
designed to estimate the burden of invasive pneumococcal disease (IPD), particularly pneumococcal pneumonia, in children aged 28 days to < 60
months, in a well-defined surveillance area. This
report presents data collected from the only 2 hospitals serving children in Poznań and Poznański
county, Poland, from February 15, 2008, to February 14, 2009.
The primary objectives of this study were to
estimate the incidence rate of IPD based on the
isolation of S. pneumoniae from a sterile body
site in children aged 28 days to < 60 months, and
to describe the serotype distribution of invasive
S. pneumoniae isolates in the surveillance area.
The secondary objectives were to estimate the incidence rate of clinical pneumonia and chest radiograph-confirmed pneumonia; estimate case fatality rates for IPD (meningitis, bacteremic pneumonia,
septicemia/sepsis, and bacteremia) and clinical
and chest radiograph-confirmed pneumonia; describe the antibiotic resistance rates of invasive
S. pneumoniae isolates; describe the serotype distribution of resistant S. pneumoniae isolates; assess
the neurological sequelae of pneumococcal meningitis; and describe risk factor distribution for IPD.

Material and methods
This was a prospective, hospital-based, active,
targeted surveillance study based on Pneumococcal Vaccines Accelerated Development and
Introduction Plan (PneumoADIP) standard case
definitions for pneumococcal disease [12]. The
surveillance area for this study comprised the city
of Poznań and the surrounding Poznański county, which is located in the Wielkopolska Voivodeship, and included two hospitals: the Regional
Children’s Hospital and the Children’s Hospital
within the Poznań University of Medical Science.
These hospitals are the only hospitals that treat
children within the surveillance area. At both
hospitals, children must present to the emergency department prior to being admitted. Of note,
the Regional Hospital facility has the only designated emergency department for children within
the surveillance area. Therefore, parents would
not bring their children to the University Hospital
unless they received a referral for hospitalization
from their primary care physician, or if their child
had a chronic condition and was already receiving
care from a specialist affiliated with this hospital.
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This study enrolled children aged 28 days to
≤ 36 months who presented to the hospital with
a measured temperature or history of a measured
temperature of ≥ 39.0°C within 24 h before screening or clinical suspicion of pneumonia, meningitis,
sepsis, bacteremia or other IPD regardless of temperature; or children aged > 36 months to < 60
months who presented to the healthcare facility
with clinical suspicion of pneumonia, meningitis,
sepsis, bacteremia, or other IPD regardless of temperature. Informed consent was obtained from all
parents or legal guardians of subjects. This study
was conducted in accordance with Good Clinical
Practices and the ethical principles originating
from the Declaration of Helsinki. The protocol,
posters, and informed consent form were approved by the ethics committee and/or internal
review board at each institution participating in
the study. The population of children aged 28 days
to < 5 years residing within Poznań and Poznański
county was estimated from government census
data as of December 31, 2008 [13].
Quality assurance and quality control mechanisms were set up for periodic monitoring and
feedback. Data including the number of enrollees
and those eligible but not enrolled (with the reason for non-enrollment noted) were monitored on
an ongoing basis to provide feedback on data collection processes.

Data collected
The following data were collected at the time of
study enrollment: demographic information, enrollment diagnosis, history of receipt of pneumococcal vaccine, antibiotic and herbal or traditional
medicine use in the previous 7 days, residence,
and absence/presence of factors known to be associated with IPD. In addition, one blood specimen
was collected upon enrollment, before antibiotic
administration if clinically possible, for identification of S. pneumoniae by culture. Cerebrospinal
fluid was collected for culture and latex antigen
agglutination from all subjects with suspected
meningitis. Specimens from other sterile sites
were collected as per routine medical practice
and cultured using routine methods. All bacteriology samples were cultured at a local laboratory
for identification of pathogens according to established standard microbiologic procedures, and
each local laboratory reported microbiologic results as per their laboratory’s standard operating
procedures. Streptococcus pneumoniae isolates
were subcultured and sent to a central laboratory for confirmation of identification, serotyping
(performed using type-specific sera by Quellung
reaction), and antimicrobial susceptibility testing.
Antibiotic susceptibility to penicillin, amoxicillin,
ampicillin, erythromycin, trimethoprim-sulfame-

thoxazole (TMP/Sulfa), ceftriaxone, levofloxacin,
and vancomycin was conducted according to
standard methodology, including microbroth dilution and/or epsilometer (E-test). Antimicrobial resistance rates were analyzed for all S. pneumoniae
isolates tested at the central laboratory and categorized as susceptible, intermediate, or resistant
in accordance with the 2007 guidelines from the
Clinical and Laboratory Standards Institute [14].
Chest radiographs were obtained for subjects
with suspected pneumonia. Results of chest radiographs performed as part of the normal standard of care for subjects with pneumonia clinical
syndrome, taken within 72 h of study enrollment,
could be used. For abnormal results, the presence
of lobar consolidation, pleural effusion, both, or
“other” was documented. Radiologists used the
World Health Organization (WHO) guidelines to
evaluate chest radiographs [15]. In those with
pneumonia clinical syndrome, C-reactive protein
(CRP) was tested at the local laboratory with
a threshold of ≥ 40 mg/l [16]. Additional information on diagnosis and vital status was collected
for all hospitalized subjects, all subjects whose
culture(s) yielded S. pneumoniae, and/or all subjects whose inclusion criteria included clinical
suspicion of meningitis. This information was collected on day 10 or on the day of hospital discharge, whichever occurred first. For subjects with
a diagnosis of probable or definite pneumococcal
meningitis, a neurological examination was conducted between 6 and 9 months after enrollment
for evaluation of neurological sequelae.

Diagnoses
Invasive pneumococcal disease was defined as
the identification of S. pneumoniae from a sterile
body fluid (e.g. blood, CSF, pleural fluid, peritoneal fluid, joint fluid, pericardial fluid, lung, bone,
or bone marrow) by culture: the isolate was confirmed as S. pneumoniae by the central laboratory
if the isolate was sent to the central laboratory;
otherwise local identification served as confirmation. Cases with a positive culture could have multiple culture sources (during the same episode), or
even two (positive) blood cultures. Subjects were
diagnosed with pneumococcal meningitis if the
CSF sample was positive for S. pneumoniae antigen by latex agglutination antigen detection test,
or had a positive Gram stain for cocci with all other biochemical CSF criteria for abnormal CSF.

Incidence rate of invasive pneumococcal
disease
Invasive pneumococcal disease incidence rates
were computed per 100,000 children in the at-risk
population, with 95% confidence intervals (CIs)
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based on the Poisson distribution. Age- and gender-specific IPD incidence rates were computed.
Separate incidence rates were computed for each
diagnosis within the IPD hierarchy. These incidence rates were also shown by diagnosis, and by
age and gender. Hospital-based case fatality rates
for IPD were calculated as the number of deaths
(within each condition) divided by all the children
with the respective conditions.

Serotype distribution of Streptococcus
pneumoniae isolates
Frequency distributions that provided the number and percentage of IPD cases per serotype were
given. Breakdowns of serotype by diagnosis were
determined. Frequency distributions were provided for all S. pneumoniae serotypes identified. Isolates were also grouped and categorized by serotypes included in PCV7, 10-valent pneumococcal
conjugate vaccine (PCV10), and PCV13.

Statistical analysis
Statistical analyses were performed using SAS
software (version 9.1; SAS Institute, Cary, NC,
USA). Analyses of incidence addressed all cases
captured during a single year of surveillance from
Table I. Patient demographics
Demographic
variable

Study
population
(N = 1581)

IPD cases
(N = 7)

17.8 ±14.5

18.9 ±10

Median

14.01

20

Range

1–59

6–35

Female

666 (42.1)

4 (57.1)

Male

915 (57.9)

3 (42.9)

Age [months]:
Mean ± SD

Gender, n (%):

Gestational age at birth [weeks]:
1548

7

38.7 ±2.2

39.0 ±1.0

Median

39.0

39.0

Range

26–44

38–40

1570

7

3342.9 ±606.7

3621.4 ±625.6

Median

3380.0

3700.0

Range

740–5000

2480–4320

n
Mean ± SD

Birth weight [g]:
n
Mean ± SD

IPD – invasive pneumococcal disease, SD – standard deviation.
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February 15, 2008, to February 14, 2009. Individuals could be enrolled in the study more than once
provided that the presenting illnesses reflected
independent episodes and all eligibility criteria
were met. Therefore, each enrollment was considered as a separate subject/episode and analyzed
accordingly. Unless otherwise noted, the episode
was the unit of analysis.
The estimated number of children in the atrisk population (i.e., those aged 28 days to < 60
months within Poznań and Poznański county)
served as the denominator for IPD and other incidence rates computed in this study. Numbers
for children ≥ 1 year of age were taken from government census data as of December 31, 2008,
while population data for children aged < 1 year
were adjusted to exclude the estimated number of
children aged < 28 days. Accordingly, the total atrisk population was estimated as 58,877 children.
Due to the small number of IPD-positive subjects,
statistical comparisons between the study population and subset of children with IPD were not
feasible.

Results
There were 1581 subjects evaluated in the
study population, and 7 subjects with IPD (Table I).
Overall, 1576 (99.7%) subjects completed the
study. Five subjects did not complete the study:
1 because of death, 1 withdrew consent, and
3 had protocol violations. A total of 1516 (95.9%)
subjects were hospitalized and all 7 subjects with
IPD were hospitalized. The mean age was 17.8
months for the study population and 18.9 months
for subjects with IPD. In the study population there
were slightly more males than females, whereas
among the IPD cases there were 4 females and
3 males.
Diagnoses for the study population are listed in
Table II. The most common diagnosis was pneumonia clinical syndrome (69.7%). Of the 3 subjects with meningitis clinical syndrome, 2 (66.7%)
returned for neurological evaluation, with neurological sequelae of seizure observed in 1 subject.

Invasive pneumococcal disease cases
Among the 7 subjects with IPD, 1 had confirmed
pneumococcal meningitis and sepsis; 1 had definite pneumococcal meningitis and bacteremia;
1 had sepsis and pneumonia clinical syndrome;
1 had sepsis, pneumonia clinical syndrome, and
otitis catarrhalis; 1 had pneumonia clinical syndrome and bacteremia; 1 had pneumonia clinical
syndrome, bacteremia, sinusitis, and anemia; and
1 had pneumonia clinical syndrome, purulent otitis media, and acute gastroenterocolitis. As shown
in Table III, the hierarchical diagnoses in IPD subjects were pneumonia clinical syndrome (42.9%),

Arch Med Sci 3, June / 2016

Active hospital-based surveillance of invasive pneumococcal disease and clinical pneumonia in infants and young children
in two Polish counties

Table II. Subject diagnosesa
Variable
Total

N (%)

1525 (96.5)

Nonmissing diagnosisb

1522 (96.3)

2 (0.1)

Probable pneumococcal meningitis

1 (0.1)

Pneumonia clinical syndrome
Osteomyelitis

1 (0.1)

Other

Previous pneumococcal vaccine
In the study population, 156 of 1581 subjects
were vaccinated with a PCV with a mean of 1.9
±0.9 doses, and a mean age at first vaccination
of 11.7 ±12.1 months; 5 subjects were vaccinated
with pneumococcal polysaccharide vaccine (PPV).
In the IPD cases, 1 of 7 subjects was vaccinated
with 3 doses of PCV7 (administered at 1, 3, and
4 months) and developed IPD caused by serotype
33F, which is not included in PCV7. No subject with
IPD was vaccinated with PPV.

Prior antibiotic treatment and presence
of risk factors for invasive pneumococcal
disease
Antibiotics were used during the previous
7 days in 42.7% of the study population and in
57.1% of subjects with IPD. Overall, 81% of the
study population and 85.7% of the IPD patients
resided in an urban area.
In the study population, 314 (20%) children attended daycare or kindergarten within the past
3 months, 643 (41.2%) lived in a household with
a smoker, and 544 (34.8%) were breast fed for < 2
months; the mean number of people in the household was 4.2 (range: 1–13), the mean number of
children aged < 60 months in the household was

Sepsis

2 (28.6)

Pneumonia clinical syndrome

3 (42.9)

23A

1 (14.3)
1 (14.3)
1 (14.3)

c

23F

1 (14.3)

33Fc

1 (14.3)

Missing

a

meningitis clinical syndrome (28.6%), and sepsis
(28.6%).

2 (28.6)

14

995 (65.4)

Only subjects who were eligible for a diagnosis were counted.
A subject was eligible for a diagnosis if they were hospitalized, had
a positive culture for S. pneumoniae, or had an initial diagnosis of
meningitis clinical syndrome. A subject could be included in more
than one diagnosis. bNonmissing diagnosis is the unit of analysis;
the denominator is nonmissing diagnosis value. cMeningitis clinical
syndrome subsets were definite meningitis, nonpneumococcal, and
other meningitis.

Meningitis clinical syndrome

6B

1 (0.1)

Cellulitis

7 (100)

Serotypes:

1061 (69.7)

29 (1.9)

a

Hierarchical diagnosisb:

8 (0.5)

Bacteremia

N (%)

Total eligible for diagnosis

3 (0.2)

Definite pneumococcal meningitis

Sepsis

Variable

1581 (100)

Total eligible for diagnosis

Meningitis clinical syndromec:

Table III. Clinical and bacteriological description of
IPD cases (n = 7)

2 (28.6)

Antibiotic resistance :
d,e

Erythromycin (n = 5)f

2 (40.0)

Trimethoprim-sulfamethoxazole (n = 5)f

2 (40.0)

Only subjects who were eligible for a diagnosis were counted.
A subject was eligible for a diagnosis if they were hospitalized, had
a positive culture for S. pneumoniae, or had an initial diagnosis of
meningitis clinical syndrome. bA subject was only included in one
hierarchical diagnosis. Hierarchical diagnosis assigned a single
diagnosis to each subject that represented the highest or most
severe infection within the hierarchy. cSerotypes not included in
pneumococcal conjugate vaccines. dFor subjects with multiple
cultures, the most resistant result was counted. eTwo subjects had
at least one culture that did not have serotype results. fPercentages
are based on the denominator of each row. The denominator is
nonmissing susceptibility values for each antimicrobial. IPD –
invasive pneumococcal disease.
a

1.4 (range: 1–4), and the mean number of sleeping rooms in the household was 2.3. Among IPD
cases, 3 (42.9%) children attended daycare or
kindergarten within the past 3 months, 2 (28.6%)
lived in a household with a smoker, and 3 (42.9%)
were breast fed for < 2 months. The mean number
of people in the household was 3.6 (range: 3–5),
the mean number of children aged < 60 months in
the household was 1.4 (range: 1–2), and the mean
number of sleeping rooms in the household was
2.2. Whereas 10% of children in the study population were born prematurely (< 37 weeks), none of
the children with IPD were born prematurely.

Invasive pneumococcal disease incidence
rate
The overall IPD incidence rate was 11.89 (95% CI:
4.78–24.50) per 100,000 children. The IPD incidence rates per 100,000 children were 20.07
(95% CI: 6.52–46.84) for subjects aged 28 days
to < 24 months vs. 5.89 (95% CI: 0.71–21.27) for
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those aged 24 months to < 60 months. When
categorized by age groups, the IPD incidence
rates per 100,000 children were 29.65 (95% CI:
3.59–107.10) for those aged 6 months to < 12
months; 24.17 (95% CI: 4.98–70.62) for subjects aged 12 months to < 24 months; and 16.79
(95% CI: 2.03–60.65) for those aged 24 months
to < 36 months. No cases of IPD were observed
in the 28 days to < 6 months or 36 months to
< 60 months age groups. In addition, the IPD incidence rates per 100,000 children were 9.89
(95% CI: 2.04–28.90) for males and 14.02 (95% CI:
3.82–35.89) for females. Incidence rates of IPD per
100,000 children by hierarchy of diagnosis were
5.10 (95% CI: 1.05–14.89) for pneumonia clinical
syndrome and 3.40 (95% CI: 0.41–12.27) for both
pneumococcal meningitis and sepsis.

Bacteriology and antibiotic resistance
Almost all study subjects (99.6%) had cultures
performed, and these were positive in 23.3% of
samples. Overall, 2.4% (9 of 370) of all organisms
were identified as S. pneumoniae. The other most
frequently isolated organisms (Staphylococcus epidermidis (20.5%), Micrococcus species (12.4%), Micrococcus luteus (10.8%), Staphylococcus hominis
(7.3%), and Staphylococcus haemolyticus (5.9%))
were presumably contaminants.
Among the 7 subjects with IPD, there were
7 S. pneumoniae isolates from the blood and
1 from the CSF. There was also one additional culture that was positive for S. pneumoniae; however,
this individual failed to meet the eligibility criteria
and was not included in the analysis. Serotypes
were determined for 5 of the isolates (Table III).
Serotype 23A was isolated from 1 subject with
a diagnosis of sepsis, pneumonia clinical syndrome, and otitis catarrhalis; and serotype 33F
was isolated from 1 subject with a diagnosis of
definite pneumococcal meningitis and bacteremia. Serotype 14 was isolated from 1 subject with
a diagnosis of definite pneumococcal meningitis,
and serotype 6B was isolated from 1 subject with
pneumonia clinical syndrome. Serotype 23F was
isolated from 1 subject with pneumonia clinical
syndrome. Serotypes were not determined in 1 subject with sepsis and 1 subject with pneumonia
clinical syndrome.
The percentage of S. pneumoniae serotypes included in 7-valent (4, 6B, 9V, 14, 18C, 19F, 23F),
10-valent (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F), and
13-valent (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, 23F) PCV was 60% for each vaccine because
only serotypes 6B, 14, and 23F were identified.
Antimicrobial resistance rates were 40.0% (2 of
5 samples) for both TMP/Sulfa and erythromycin (Table III). No decreased susceptibility was
observed for penicillin, amoxicillin, ampicillin,
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ceftriaxone, levofloxacin, or vancomycin. Isolates
of serotypes 6B and 14 were resistant to erythromycin, and isolates of serotypes 6B and 23F were
resistant to TMP/Sulfa.

Incidence of pneumonia
When categorized by different age groups, incidence rates for clinical, chest radiograph-confirmed, and CRP chest radiograph-confirmed
pneumonia in the study population were highest for the youngest age groups (28 days to < 24
months) and, in general, decreased with increasing age (Table IV). Among all study subjects and
subjects with IPD, 98% and 100%, respectively,
had chest radiographs performed to rule out
pneumonia. Of the 1112 subjects with clinical
pneumonia, 387 were diagnosed with chest radiograph-confirmed pneumonia. During the surveillance period, only 24.5% (387 of 1581) of subjects
were diagnosed with chest radiograph-confirmed
pneumonia (Table IV).

Case fatality rates
In the study population, case fatality rates were
33.3% (1 of 3 subjects) among those with a diagnosis of meningitis, 12.5% (1 of 8 subjects) for
those with a diagnosis of sepsis, and 0.1% (1 of
1112 subjects) for those with a diagnosis of clinical pneumonia. No deaths were attributable to IPD.

Safety
No protocol-related adverse events or serious
adverse events were reported, and there were no
withdrawals from the study due to a protocol-related adverse event. There were no protocol-related deaths.

Discussion
This study assessed the incidence rate of IPD
over a 1-year period in children aged 28 days to
< 60 months in the city of Poznań and Poznański
county, Poland. Seven cases of IPD were identified
in the 1581 enrolled subjects, yielding an overall
IPD incidence rate per 100,000 children in this
study of 11.89, which was lower than the incidence rate of 17.60 in children aged 0–59 months
reported by Grzesiowski et al. [17] in a study conducted in 5 districts in Poland. The latter incidence
rate was based on the identification of a total of
134 IPD cases among 88,487 children enrolled
in the study between January 2003 and December 2004. Importantly, whereas the Grzesiowski
et al. study included both culture-positive cases
(n = 26) and culture-negative samples confirmed
by polymerase chain reaction (PCR; n = 108),
the current study calculated IPD incidence rates
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33,967

327

24 mo to < 60 mo (n = 440)

11,912
22,055

140

187

24 mo to < 36 mo (n = 218)

36 mo to < 60 mo (n = 222)

33,967

129

24 mo to < 60 mo (n = 440)

11,912
22,055

91
51
78

432

12 mo to < 24 mo (n = 438)

24 mo to < 36 mo (n = 218)

36 mo to < 60 mo (n = 222)

CRP CXR-confirmed pneumonia:
24,910
33,967

283

149

28 d to < 24 mo (n = 1141)

24 mo to < 60 mo (n = 440)

58,877

6746
12,414

68

6 mo to < 12 mo (n = 319)

Two age groups:

5750

99

28 d to < 6 mo (n = 384)

Five age groups:

24,910

258

28 d to < 24 mo (n = 1141)

Two age groups:

58,877

12,414

282

12 mo to < 24 mo (n = 438)

387

6746

214

6 mo to < 12 mo (n = 319)

CXR-confirmed pneumonia:

5750

289

28 d to < 6 mo (n = 384)

Five age groups:

24,910

58,877

438.7 (317.1–515.0)

1136.1 (1007.6–1276.5)

733.7 (666.2–806.3)

353.7 (279.6–441.4)

428.1 (318.8–562.9)

733.04 (590.2–900.0)

1008.0 (782.8–1277.9)

1721.7 (1399.3–2096.2)

379.8 (317.1–451.3)

1035.7 (913.2–1170.1)

657.3 (593.4–726.2)

847.9 (730.7–978.5)

1175.3 (988.7–1386.9)

2271.6 (2014.2–2552.8)

3172.3 (2761.4–3627.0)

5026.1 (4463.3–5640.2)

962.7 (861.2–10,072.9)

3151.3 (2934.7–3379.7)

1888.7 (1779.3–2003.0)

Incidence per 100,000
children (95% CI)

Pneumonia rates
At-risk
population

785

1112

Casesa

28 d to < 24 mo (n = 1141)b

Two age groups:

Clinical pneumonia:

Diagnosis

Table IV. Incidence rates of pneumonia and radiograph abnormalities (N = 1581)

126 (84.6)

255 (90.1)

381 (88.2)

76 (97.4)

50 (98.0)

90 (98.9)

67 (98.5)

98 (99.0)

126 (97.7)

255 (98.8)

381 (98.4)

76 (41.1)

50 (36.2)

90 (33.1)

67 (32.5)

98 (34.3)

126 (39.0)

255 (33.4)

381 (35.1)

Lobar
consol.

7 (4.7)

9 (3.2)

16 (3.7)

5 (6.4)

2 (3.9)

4 (4.4)

4 (5.9)

1 (1.0)

7 (5.4)

9 (3.5)

16 (4.1)

5 (2.7)

2 (1.4)

4 (1.5)

4 (1.9)

1 (0.3)

7 (2.2)

9 (1.2)

16 (1.5)

Pleural
effusion

4 (2.7)

6 (2.1)

10 (2.3)

3 (3.8)

1 (2.0)

3 (3.3)

3 (4.4)

0

4 (3.1)

6 (2.3)

10 (2.6)

3 (1.6)

1 (0.7)

3 (1.1)

3 (1.5)

0

4 (1.2)

6 (0.8)

10 (0.9)

Lobar consol.
and pleural effusion

Abnormal radiograph outcome, n (%)

31 (20.8)

58 (20.5)

89 (20.6)

3 (3.8)

8 (15.7)

8 (8.8)

9 (13.2)

16 (16.2)

11 (8.5)

33 (12.8)

44 (11.4)

109 (58.9)

93 (67.4)

188 (69.1)

146 (70.9)

202 (70.6)

202 (62.5)

536 (70.2)

738 (67.9)

Other
abnormalities
Active hospital-based surveillance of invasive pneumococcal disease and clinical pneumonia in infants and young children
in two Polish counties
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12 (13.8)

19 (30.6)

a

Cases with a chest X-ray result. bn is the total number of subjects enrolled in this age bracket. CI – confidence interval, consol. – consolidation, CRP – C-reactive protein, CXR – chest radiograph, d – days, mo – months.

3 (3.4)

1 (1.6)
2 (3.2)

5 (5.7)
76 (87.4)

50 (80.6)

22,055
87
36 mo to < 60 mo (n = 222)

394.5 (316.0–486.6)

11,912
62
24 mo to < 36 mo (n = 218)

520.5 (399.1–667.2)

18 (17.8)

20 (25.3)
3 (3.8)

3 (3.0)
4 (4.0)

4 (5.1)
67 (84.8)

90 (89.1)
813.6 (662.7–988.6)

1171.1 (927.1–1459.5)
6746

12,414

79

101
12 mo to < 24 mo (n = 438)

1 (1.0)
98 (95.1)
1791.3 (1462.1–2172.5)
5750
103
28 d to < 6 mo (n = 384)

6 mo to < 12 mo (n = 319)

20 (19.4)
0

Lobar consol.
and pleural effusion
Pleural
effusion
Incidence per 100,000
children (95% CI)
At-risk
population
Five age groups:

Diagnosis

Table IV. Cont.

Cases

a

Pneumonia rates

Lobar
consol.

Abnormal radiograph outcome, n (%)

Other
abnormalities
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for culture-positive cases only (n = 7). Although
re-analysis based on PCR results was planned for
this study, it was not performed due to sample
stability issues, and this was one of the limitations of this study. A study by Skoczyńska et al.
[18] conducted throughout Poland between 2006
and 2009 reported much lower incidence rates. In
this study, the incidence rates per 100,000 children aged 0–4 years increased from 0.9 in 2006
to 2.85 in 2009. The lower IPD incidence rates observed in the Skoczyńska et al. study may reflect
the fact that culture practices were linked to standard of care in Poland. Although CSF is commonly
cultured in cases of suspected meningitis, blood is
infrequently cultured in Poland. Therefore, when
IPD incidence rates are calculated based on cultures performed based on standard of care in Poland, overall IPD incidence rates can be expected
to be low and meningitis is likely to account for
a substantial portion of IPD cases. Although PCV7
was registered in Poland in 2001, it was unavailable until 2005. Use of PCV7 for high-risk children
starting in October 2008 may have decreased the
incidence of IPD. In this study, 9.9% of enrolled
children received at least one dose of PCV7.
Three of five of the S. pneumoniae serotypes
found in this study (serotypes 6B, 14, and 23F)
were also frequently reported in other published
studies of IPD in children aged < 5 years in Poland
[12, 13]. Of the serotypes isolated in this study,
60% are included in PCV7, PCV10, and PCV13. The
percentage of S. pneumoniae serotypes included
in PCV7 in this study (60.0%) is comparable to
those previously reported (68.7–77.3%) [17, 18].
However, 40% (2 of 5) of isolates were serotypes
(23A and 33F) not covered by the PCV vaccines
that are currently available.
Antimicrobial resistance of S. pneumoniae was
observed for TMP/Sulfa and erythromycin. Erythromycin resistance (40.0%) in the current study
was comparable to that seen in another study in
Poland in children aged < 5 years (31%) [17]. None
of the isolates was resistant to penicillin or cephalosporin.
The annual incidence rate of chest radiograph-confirmed pneumonia in the current study
(657.30 per 100,000) is lower than the rate reported in the Kielce area prior to and following
comprehensive vaccination with PCV7. Patrzałek
et al. [10] reported 331 chest radiograph-confirmed pneumonia cases in 16,377 children aged
< 5 years (annual incidence rate: 2021.13 per
100,000) in 2004–2005 in Kielce, Poland, prior to
implementation of the PCV7 vaccination program.
In the 2 years following implementation of a compulsory, free-of-charge PCV7 vaccination program
in Kielce, only 146 cases were identified in a population of 17,105 (annual incidence rate: 853.55
per 100,000).
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Use of a CRP chest radiograph increased the
detection of pneumonia by 10%, from 657.3 to
733.7 per 100,000. A positive CRP chest radiograph was defined as chest radiograph-confirmed
pneumonia or clinical pneumonia with an abnormal (“other”) chest radiograph result plus CRP
≥ 40 mg/dl. Although this assay appears to increase diagnostic sensitivity, opinions concerning
the use of acute phase reactants to distinguish
bacterial versus viral etiology vary in the literature [16]. A recent meta-analysis that included
1230 children with pneumonia indicated that CRP
serum concentrations > 40–60 mg/l were associated with bacterial pneumonia [19]. Some data
suggest that determining CRP levels (≥ 40 mg/dl)
could reduce the risk of underestimating the burden of pneumococcal pneumonia [20].
There are several issues which may limit the
results of this study. Although data were available
from 1 complete year, longer surveillance would
have minimized the effect of year-to-year fluctuations. Also, multiple factors may have contributed to an underestimation of the actual incidence
of IPD in the designated surveillance area. Based
on the study protocol, cases of IPD and pneumonia were limited to patients who presented to
the hospital and did not include patients treated
at outpatient health care facilities. Although the
most seriously ill patients were likely to present to
the 2 participating hospitals, by design, this study
excluded patients treated by physicians in primary
care clinics and those never referred for hospital
services. In Poland, because many children are
treated with antibiotics before being referred to
a hospital, this likely reduced the chance to obtain
a positive blood culture. Furthermore, at both the
Regional Hospital and University Hospital, it was
not feasible to perform all or most of the enrollment procedures in the emergency department
as planned. There was an official hospital policy
that prohibited taking blood samples (other than
finger sticks) in the emergency department, which
necessitated movement of patients to inpatient
services for this procedure. This minimized the
ability to enroll hospitalized children before they
were transferred to separate inpatient services,
and led to low enrollment of eligible subjects in
the study. Moreover, parents of children who were
not hospitalized were reluctant to bring their children to inpatient services. In addition, enrollment
may have been limited by long waiting times and
lack of a private enrollment space. At the Regional
Hospital, the proportion enrolled among eligible,
hospitalized children was about 75%. In contrast,
< 5% of eligible nonhospitalized children were enrolled at this facility. The enrollment proportion
among eligible hospitalized patients at the University Hospital was just under 60%. Therefore, it
is likely that hospital-based incidence within the

surveillance area was underestimated by suboptimal enrollment.
Although WHO guidelines [21] were provided
to radiologists interpreting chest radiographs,
a certain degree of interindividual and intraindividual variability in chest radiograph interpretation, and the fact that only lobar consolidation
and pleural effusion were acceptable as chest
radiograph-confirmed cases, might have led to
underestimation of the number of cases. Chest
radiographs interpreted as “abnormal” were not
collected or re-analyzed; therefore, the number of
pneumonia cases might have been underestimated or overestimated.
Overall, 99.6% of subjects had a culture performed. Of these, only 7 subjects had cultures
positive for S. pneumoniae, with the other isolates
considered primarily contaminants. The volume of
blood drawn, vein accessibility, dilution, number
of cultures taken, delays in processing cultures,
blood culture technique (including skin preparation, choice of culture site, timing, and choice of
blood culture bottle), and system are all factors
that can influence the ability to obtain pathogens
from blood cultures. Prior antibiotic use by 42.7%
of subjects in the study may also have hampered
the ability to isolate S. pneumoniae. Given the
small number of cases in this study, details on
serotype distribution are inconclusive. In addition, the calculated incidence is likely to be an
underestimate due to the insufficient enrollment
of eligible patients and the limited sensitivity of
culture methods for identification. A final limitation is that because the surveillance population
comprised two contiguous counties, the city of
Poznań and the surrounding Poznański county,
the results reported here are not generalizable to
Poland overall or other areas within Poland.
In conclusion, this hospital surveillance study
identified pneumonia as a common diagnosis in
children aged ≤ 5 years presenting to hospitals in
Poznań, Poland, and the incidence of pneumonia
was highest in the youngest children. Rates of IPD
were comparable with other studies conducted in
Poland. As the surveillance area comprised only
2 counties, the results reported here should not be
generalized to Poland overall. Despite limitations,
this study underlines the importance of improved,
continuing, active, prospective surveillance of the
burden of pneumococcal disease, serotype distribution, and antibiotic resistance in Poland.
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