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Streptococcus pneumoniae is the most common etiological cause of complicated pneumonia, including empyema. In this study,
we investigated the serotypes of S. pneumoniae that cause empyema in children. One hundred fifty-six children who were diag-
nosed with pneumonia complicated with empyema in 13 hospitals in seven geographic regions of Turkey between 2010 and 2012
were included in this study. Pleural fluid samples were collected by thoracentesis and tested for 14 serotypes/serogroups using a
Bio-Plex multiplex antigen detection assay. The serotypes of S. pneumoniae were specified in 33 of 156 samples. The mean age �
the standard deviation of the 33 patients was 6.17 � 3.54 years (range, 0.6 to 15 years). All of the children were unvaccinated ac-
cording to the vaccination reports. Eighteen of the children were male, and 15 were female. The serotypes of the non-7-valent
pneumococcal conjugated vaccine (non-PCV-7), serotype 1, serotype 5, and serotype 3, were detected in eight (14.5%), seven
(12.7%), and five (9.1%) of the samples, respectively. Serotypes 1 and 5 were codetected in two samples. The remaining non-
PCV-7 serotypes were 8 (n � 3), 18 (n � 1), 19A (n � 1), and 7F/A (n � 1). PCV-7 serotypes 6B, 9V, 14, 19F, and 23F were de-
tected in nine (16.3%) of the samples. The potential serotype coverages of PCV-7, PCV-10, and PCV-13 were 16.3%, 45.4%, and
60%, respectively. Pediatric parapneumonic empyema continues to be an important health problem despite the introduction of
conjugated pneumococcal vaccines. Active surveillance studies are needed to monitor the change in S. pneumoniae serotypes
that cause empyema in order to have a better selection of pneumococcal vaccines.

Streptococcus pneumoniae is the most commonly identified
cause of pneumonia with empyema (1, 2). Although empyema

complicates only 1 to 2% of childhood pneumonia cases, these
cases are associated with considerable morbidity and mortality
(3–5). The emergence and spread of resistant pneumococcal
strains have led to an emphasis on the prevention of pneumococ-
cal disease by vaccination (6–8). In February 2000, a pneumococ-
cal conjugate vaccine (PCV) covering serotypes 4, 6B, 9V, 14, 18C,
19F, and 23F was licensed for use in infants and young children
and recommended as part of the routine U.S. childhood immuni-
zation schedule (9). Before the introduction of the 7-valent PCV
(PCV-7), an increase in the incidence of parapneumonic empy-
ema in children was reported (10–18). Despite the introduction of
PCV-7, a number of studies have shown that the incidence of
empyema in children continues to increase (19, 20).

In 2008, PCV-7 was implemented into the Turkish national
immunization schedule at 2, 4, 6, and 12 months of age, and it was
replaced with PCV-13 in 2011. In this study, we specified the S.
pneumoniae serotypes that cause empyema in children, irrespec-
tive of their vaccination status.

MATERIALS AND METHODS
Patients. Children aged 0 to 18 years in 13 hospitals in seven geographic
regions (representing one-third of the total population of Turkey) with a
diagnosis of parapneumonic empyema were included in this active-pro-

spective surveillance study between January 2010 and December 2011. All
of the children with a clinical diagnosis of pneumonia with empyema were
enrolled in this laboratory-based study irrespective of their vaccination
status, and pleural fluid was collected at the time of chest drain insertion
or via thoracentesis. A total of 156 children with a clinical diagnosis of
parapneumonic empyema during the active surveillance period were in-
vestigated. The children were evaluated by means of detailed histories,
physical examinations, chest radiography, and complete blood counts.
Additionally, the vaccination status of the children was determined from
the extant vaccination-recording system of the Turkish Ministry of
Health. Pleural fluid aspirates were examined to determine the pH, the
white blood cell (WBC) count, and the concentrations of glucose, protein,
and lactate dehydrogenase (LDH). Appropriate bacterial staining and
pleural fluid cultures were also performed in the local hospitals. In addi-
tion, many children were subjected to computed tomography and ultra-
sonographic evaluations of the chest. A pleural fluid sample (minimum,
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0.5 ml) from each patient was stored at �20°C and then transported via
cold chain to a central laboratory (Pediatric Infectious Diseases, Ha-
cettepe University, Ankara, Turkey) for further analysis. After transport,
the samples were stored at �80°C. From this cohort, only 53 cases con-
firmed by PCR to be caused by S. pneumoniae were included in the present
study. The Bio-Plex multiplex antigen detection method was applied to all
PCR-proven S. pneumoniae isolates for serotyping.

Empyema, as a complication of pneumonia, was defined according to
several major and minor criteria (21). The major criteria were the pres-
ence of pus in the pleural space, the need for surgical decortication, and
the positivity of a pleural fluid culture. Minor criteria included the follow-
ing laboratory values or findings: pleural fluid pH � 7.2, LDH � 1,000
U/ml, glucose � 40 mg/dl, WBC count � 10,000/dl, and a positive blood
culture.

Laboratory tests. DNA was prepared from pleural fluid samples using
the Qiagen QIAamp DNA blood minikit (Hilden, Germany). The PCR
assay was performed using a DNA thermal cycler (GeneAmp PCR system,
model 9700; Applied Biosystems, Foster City, CA) to identify S. pneu-
moniae. The specific gene target was ply for S. pneumoniae (22, 23). PCR-
positive empyema fluid samples were treated with proteinase K for 10 min
at 56°C, diluted 1:5 in phosphate-buffered saline (PBS), and heat treated
at 100°C for 10 min to render them noninfectious. This treatment also
liquefied the viscous samples to enable them to be assayed. The processed
samples (100 �l per well) were tested in a Bio-Plex multiplex antigen
detection assay capable of detecting 14 serotypes/groups (1, 3, 4, 5, 6A, 6B,
7F/A, 8, 9V, 14, 18, 19A, 19F, and 23F) and a pneumococcal C polysac-
charide control (23). Each sample was tested in duplicate with a standard
curve consisting of purified capsular polysaccharides in PBS and a nega-
tive control containing only PBS. To score results, the sample median
fluorescence values were divided by the negative control to create a test-
to-negative ratio. Samples that provided a ratio of �3 were considered
positive.

Informed consent and a case report form were obtained to record the
clinical and laboratory findings for evidence of pneumococcal infection,
as detailed below. This study was reviewed and approved by the Hacettepe
University Institutional Ethics Committee.

RESULTS

A total of 156 children with a diagnosis of pneumonia complicated
with empyema were investigated, and the causative agent was
found to be S. pneumoniae in 53 (34%) of the 156 patients. Twen-
ty-four patients were included in 2010, and the others were in-
cluded in 2011. S. pneumoniae serotypes were specified in 33 of
them. Twenty of the S. pneumoniae-positive samples could not be
serotyped because of the limited number of antigens tested for in
the Bio-Plex multiplex antigen detection assay used. The serotype
distribution of the 33 subjects is presented in Table 1. All but three
children received antibiotics before referral to the study centers.
The pleural fluid cultures were negative in all cases.

The mean age � the standard deviation was 6.17 � 3.54 years
(range, 0.6 to 15 years) in all serotyped S. pneumoniae cases. Two
of the empyema isolates were obtained from children �1 year of
age. The children had not been vaccinated, according to their vac-
cination records. Eighteen of the children were male, and 15 were
female. No mortality was observed among the cases. Serotype 1
was detected in eight samples (14.5%); the second most common
type was serotype 5, which was detected in seven samples (12.7%),
and serotype 3 was detected in five (9.1%) samples. Two serotypes
were revealed in two samples simultaneously in 2011. While sero-
types 1 and 3 were codetected in one sample, serotypes 3 and 5
were codetected in the other. Serotypes 1, 5, and 3 are non-PCV-7
serotypes. The remaining non-PCV7 serotypes were 8 (n � 3), 18
(n � 1), 19A (n � 1), and 7F/A (n � 1). We were able to detect

only serotype 18 with the assay used; however, we did not specif-
ically test for serotype 18C. Therefore, serotype 18 is not listed as a
PCV serotype in Table 1. The serotypes 7F and 7A were not dif-
ferentiable by the antigen detection assay used; therefore, the one
isolate that was positive for 7F/7A was counted in the PCV-10 and
-13 serotype groups.

PCV-7 serotypes were detected in nine of the samples, includ-
ing serotypes 6B (n � 2), 9V (n � 1), 14 (n � 2), 19F (n � 3), and
23F (n � 1). Serotypes 4 and 18C were not detected in any sample.

Our study was conducted in 13 hospitals in seven geographic
regions of Turkey. A total of 55 S. pneumoniae serotype-positive
tests from 53 patients’ samples, because of coinfections, were used
to calculate serotype coverage. Of the S. pneumoniae isolates with
an identifiable serotype, 16.3%, 45.4%, and 60% were contained
within PCV-7, PCV-10, and PCV-13, respectively. The annual
serotype coverages for PCV-7, PCV-10, and PCV-13 were 20.8%,
50%, and 62.5% in 2010 and were 12.9%, 41.9%, and 51.6% in
2011, respectively (Fig. 1).

DISCUSSION

Although pediatric pneumococcal empyema is a rare complica-
tion of pneumonia, it has been increasingly reported in recent
years (1, 3, 11, 19, 24–27). The difficulty of culture-confirmed
diagnosis remains a problem in pediatric empyema (1, 28). In our
study, pleural fluid cultures were negative for all the patients,

TABLE 1 Serotype distribution of Streptococcus pneumoniae in children
with parapneumonic empyema

Serotype n (%)

PCV-7 serotype
4 0 (0)
6B 2 (3.6)
9V 1 (1.8)
14 2 (3.6)
18Ca NA
19F 3 (5.5)
23F 1 (1.8)

PCV-10 serotypeb

1 8 (14.5)
5 7 (12.7)
7Fc 1 (1.8)

PCV-13 serotyped

3 5 (9.1)e

6A 0 (0)
19A 1 (1.8)

Non-PCV serotype
8 3 (5.5)
18 1 (1.8)

Nonclassified 20 (36.4)

Total 55 (100)f

a NA, not applicable (18C was not specifically tested for).
b Remaining PCV-10 serotypes except the PCV-7 serotypes.
c Serotype 7F/A is considered a PCV-10 and a PCV-13 serotype.
d Remaining PCV-13 serotypes except the PCV-10 serotypes.
e Two of these were mixed infections of serotypes 1 and 5.
f Total number of isolates positive for S. pneumoniae from 53 patients (two were mixed
infections). This value was used to calculate serotype coverage.
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which may have been related to the use of antibiotics before ad-
mission to the study centers. Routine clinical practices, such as the
administration of antibiotics prior to thoracentesis, can affect the
sensitivity of bacterial cultures. Therefore, nonculture techniques
may be necessary to detect the causative organism. Although bac-
terial culture is considered the standard method, pneumococcal
antigen detection in empyema fluid is also a useful diagnostic tool
(17, 26). This surveillance method made documentation of the
serotype distribution of pneumococci in culture-negative patients
possible. Twenty of the isolates could not be serotyped because the
Bio-Plex antigen detection assay detected only a limited number
of pneumococcal serotypes (14). Although the serotyping method
used has a limited ability to detect all pneumococcal serotypes, this
non-culture-based rapid assay would assist in the identification of
frequency and serotype distribution in the postvaccine era. Anti-
gen detection methods are becoming more important for the se-
rotyping of pneumococcal infections in countries with a high an-
tibiotic usage rate and delayed admission to the hospital, such as
Turkey. Information regarding S. pneumoniae serotypes in pa-
tients with pneumonia is limited because sampling in children is
difficult. Although the spectrum of etiologic bacteria differs from
those in empyema and pneumonia, our data provide information
about the pneumococcal serotypes that cause pneumonia in Tur-
key.

Although it is difficult to determine the actual proportion of S.
pneumoniae serotypes that cause parapneumonic empyema in
children in the absence of knowledge of the other empyema-caus-
ing pathogens, S. pneumoniae seems to be one of the leading
causes, and serotype 1 is the most common. This finding agrees
with the findings of studies by Fletcher et al. (17), Eastham et al.
(26), Eltringham et al. (28), and Byington et al. (1). The reason for
the high invasive potential of serotype 1 into the pleural space is
unknown (17).

Increases in the frequency of serotypes 3, 7F, and 19A in the
post-PCV-7 era (24, 27) have been reported. Serotype 3 seemed
more likely to be a cause of parapneumonic empyema in our
study. One of the non-PCV-7 serotypes, 19A, has been identified
in many studies as a cause of invasive pneumococcal disease fol-
lowing the licensure of PCV-7 (29–32), and serotype 7F has been
associated with children with severe or fatal pneumococcal infec-
tions (33). We detected serotypes 19A and 7F in one patient each.

Some studies have shown a �75% efficacy of the PCV-7 vac-
cine against invasive disease (34–38). Vaccination reduces radio-
logically confirmed pneumonia by 20.5 to 37%. In the United
States, the effectiveness of PCV-7 against invasive pneumococcal
disease (IPD) is controversial. The limited effectiveness of PCV-7
was reported in Utah as a result of the rapid emergence of IPD,
particularly empyema, due to non-PCV-7 serotypes (10, 19, 39,
40). These findings encouraged the development of new pneumo-
coccal conjugate vaccines with additional serotypes, namely,
PCV-10 and PCV-13 (41, 42). However, clinical trials showing the
efficacy of PCV-10 and PCV-13 against consolidated pneumonia
and IPD have been limited. The compositions of PCV-10 and
PCV-13 might have provided protection against empyema caused
by non-PCV-7 serotypes in this study. However, the efficacies of
pneumococcal vaccines may differ among different geographic
regions due to variations in the serotype spectrum. Surveillance of
local serotypes is critical for determining the PCV composition
that also provides coverage of IPD-causing serotypes.

Routine vaccination with PCV-7 for children �1 year of age
was agreed upon in Turkey at the end of 2008 and was included in
the National Immunization Schedule in 2009. PCV-7 was used for
2 years in Turkey before being replaced by PCV-13 in November
2011. In 2010 and 2011, 96% and 97% of the target population,
respectively, were vaccinated with PCV-7 (see http://www.sgk.gov
.tr). Despite this high coverage rate, the children in our study had
not been vaccinated with either PCV-7 or PCV-13 because the
majority of the children were older than the requisite age for rou-
tine vaccination, according to the Turkish Ministry of Health
schedule. Additionally, the baseline data on the prevalence and
serotype distribution of S. pneumoniae isolates causing empyema
in Turkey before the PCV era are limited. One of the aims of this
study was to understand the impact of immunization on invasive
pneumococcal infection in Turkey. We plan to monitor the inci-
dence and etiologic agents of pediatric parapneumonic empyema
in Turkey after the institution of the new vaccination practices.

After the PCV-7 era, vaccine authorities from various coun-
tries are in conflict regarding the selection of new 10- and 13-
valent vaccines. The most common pneumococcal serotypes in
our study were 1 and 5, which are covered by both the 10- and
13-valent vaccines. Serotype 3 was another important cause of
empyema in the present study; this serotype is covered only by

FIG 1 Serotype coverage of pneumococcal conjugated vaccines PCV-7, PCV-10, and PCV-13 in nonvaccinated children with pneumococcal empyema.
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PCV-13. The potential serotype coverages of PCV-7, PCV-10, and
PCV-13 in our study were 16.3%, 45.4%, and 60%, respectively.
According to our data, PCV-13 seems to be the most protective
against childhood pneumococcal empyema. Therefore, PCV-13
represents a promising vaccine against empyema.

Although limited, our data provide information regarding the
serotype distribution of pneumococcal empyema in children in
Turkey. We suggest that regional data are important for determin-
ing the most appropriate vaccine for the local S. pneumoniae epi-
demiological profile. As the incidence of this invasive disease is
increasing, vaccines with coverage appropriate for each country
are needed.
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