
Southeast Asian J Trop Med Public Health

442 Vol  45  No. 2  March  2014

Correspondence: Sorasak Lochindarat, Pediatric Intensive Care and Division of Respiratory Medicine, 
Queen Sirikit National Institute of Child Health, 420/8 Ratchawithi Road, Ratchathewi, Bangkok 
10400, Thailand. Tel/Fax: 66 (0) 23548439, E-mail: sorasakl@hotmail.com

BACTERIAL ETIOLOGY OF EMPYEMA THORACIS 
AND PARAPNEUMONIC PLEURAL EFFUSION IN THAI 

CHILDREN AGED LESS THAN 16 YEARS

Sorasak Lochindarat1, Jamaree Teeratakulpisarn2, Boonyarat Warachit3, 
Chulapong Chanta4, Kiran Thapa5, Gwendolyn L Gilbert5, Yongyuth Wangroongsarb6, 

Jean-Yves Pirçon7, Melissa K Van Dyke7, Yanfang Liu8 and William P Hausdorff7

1Queen Sirikit National Institute of Child Health, Bangkok, Thailand; 2Department 
of Pediatrics, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand; 

3Pediatric Department, Hat Yai Hospital, Songkhla, Thailand; 4Pediatric Unit, 
Chiang Rai Prachanukraw Hospital, Thailand; 5Centre for Infectious Diseases and 

Microbiology (CIDM), Westmead Hospital, Westmead, New South Wales, Australia; 
6Global Vaccine Development, GlaxoSmithKline Vaccines, Bangkok, Thailand;  7Global 

Vaccine Development, GlaxoSmithKline Vaccines, Wavre, Belgium; 8Global Vaccine 
Development, GlaxoSmithKline Vaccines, Gateway West, Singapore

Abstract. This study aimed to identify the bacterial etiology of empyema thoracis 
or parapneumonic pleural effusions in Thai children, with a focus on pneumococ-
cus. This hospital-based, descriptive study included children aged ≤16 years, diag-
nosed with empyema thoracis or parapneumonic pleural effusion, from whom a 
pleural fluid (PF) sample was taken between January 2008 and November 2009. PF 
and blood samples were cultured and PF samples were also tested by polymerase 
chain reaction (PCR) to assess whether evidence of an infection might be identified 
among culture-negative samples. Serotyping of Streptococcus pneumoniae-positive 
samples was performed by molecular techniques and Quellung reaction. In this 
study, 29 children with empyema thoracis and 42 children with parapneumonic 
pleural effusion were enrolled. Potentially pathogenic bacteria were cultured in 
13/71 samples at local or central laboratories; the most common bacteria were 
Staphylococcus aureus (8 children) and S. pneumoniae (2 children). Molecular tech-
niques detected one or more targeted respiratory pathogens in 18/71 PF samples. 
S. pneumoniae and Haemophilus influenzae were identified by PCR in 13 and 6 chil-
dren, respectively; PCR for S. aureus was not performed. The pneumococcal sero-
types identified were 1, 3, 5, 6A/B, 9A/V, 14, 15A, 19F and 23A. This study shows 
that among Thai children with empyema thoracis and parapneumonic pleural 
effusions, S. aureus and S. pneumoniae were the most common pathogens identi-
fied by culture and PCR, respectively. These findings confirmed that molecular 
techniques are more sensitive for identification of S. pneumoniae and H. influenzae 
and enhance detection of important bacterial causes of empyema.
Keywords: empyema thoracis, uncomplicated parapneumonic pleural effusion, 
etiology, Thai children
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INTRODUCTION

During the past decade, the inci-
dences of pediatric parapneumonic 
pleural effusions and empyema thoracis 
have increased in various parts of the 
world (Rees et al, 1997; Spencer et al, 2006; 
Spencer and Cliff, 2008; Li and Tancredi, 
2010). Empyema thoracis is associated 
with significant morbidity and mortal-
ity in children and the consequences of 
this condition may be severe, including 
prolonged hospitalization, the need for 
intensive supportive care and drainage 
of accumulated fluid, surgical interven-
tion and the use of complex antibiotic 
regimens (Byington et al, 2002; Hsieh et 
al, 2004; Byington et al, 2006).

To date, few studies have been con-
ducted regarding the incidence and etio- 
logy of parapneumonic pleural effusions 
and empyema thoracis in the Asia-Pacific 
region, and there are no data published for 
Thailand. A previous study conducted in 
Taiwan between 1997 and 2004 showed 
that the annual population-based inci-
dence of empyema thoracis reached 10.5 
episodes per 100,000 children under 5 
years of age and that Streptococcus pneu-
moniae was the most common pathogen 
identified in this age group (Wu et al, 
2010). A more recent study conducted in 
China, Korea, Taiwan, and Vietnam iden-
tified Staphylococcus aureus followed by S. 
pneumoniae as the most frequently isolated 
organisms in patients with empyema tho-
racis (Nyambat et al, 2008).

In Thailand, antibiotics can be pur-
chased without prescription and their 
widespread and incorrect use is at least 
in part responsible for the high level of 
antibiotic resistance observed among S. 
pneumoniae isolates here (Reechaipichitkul 
et al, 2006; Srifeungfung et al, 2010). Pre-
vious antibiotic use by a patient reduces 

the ability to detect causative pathogens 
by standard bacterial culture techniques. 
Molecular techniques may need to be used 
to identify pathogens and pneumococcal 
serotypes and they may have a higher 
sensitivity (Saglani et al, 2005; Lahti et al, 
2006; Le Monnier et al, 2006; Tarrago et al, 
2008; Blaschke et al, 2011).

The co-primary objectives of this 
study were to determine the occurrence 
and serotypes of S. pneumoniae causing 
empyema thoracis and parapneumonic 
pleural effusions in Thai children aged less 
than 16 years, using both molecular and 
standard microbiological techniques. The 
secondary objectives were the description 
of clinical management approaches and 
outcomes of childhood empyema thoracis 
and parapneumonic pleural effusion, the 
identification of other pathogens likely 
to be responsible for these conditions, 
and the determination of the antibiotic 
susceptibilities of S. pneumoniae isolates 
causing both conditions in Thai children.

MATERIALS AND METHODS

Study design
This was a hospital-based, descrip-

tive, etiological study conducted at 9 
centers scattered across Thailand between 
January 2008 and November 2009. The 
study period at each study center was 12 
months to take seasonal variations into 
account. The study included children 
younger than 16 years of age admitted to 
the study hospitals with empyema tho-
racis or parapneumonic pleural effusions 
whose clinical condition necessitated a 
diagnostic thoracocentesis or drainage 
of pleural fluid (PF), and from whom a 
PF sample was taken and was available 
for laboratory testing. The diagnosis of 
empyema thoracis was based on the mac-
roscopic presence of pus in the PF sample. 
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Children were not included in the study 
if they were concurrently participating in 
another clinical trial, had a known malig-
nancy, collagen vascular disease, or meli-
oidosis thought to be responsible for the 
pleural effusion, or had been previously 
enrolled in this study for a previous epi-
sode. Before enrolment, informed consent 
was obtained from the parents/guardians 
of each study participant. The study was 
conducted according to Good Clinical 
Practice, the Declaration of Helsinki, and 
the local rules and regulations of Thai-
land. The study protocol and the consent 
form were reviewed and approved by 
local ethics committees.
Study procedures

All the children diagnosed with em-
pyema thoracis or parapneumonic pleural 
effusion at the study hospitals were identi-
fied and their basic demographic charac-
teristics were anonymously recorded in a 
logbook. Reasons for non-enrolment for 
children who did not meet the inclusion 
criteria or declined to participate in the 
study were also collected in the logbook. 
For each enrolled child, demographic 
characteristics, medical history, including 
risk factors and pneumococcal vaccination 
status, general symptoms and treatment 
given for the current episode, were col-
lected and a clinical examination was 
performed at baseline. The potential risk 
factors recorded in this study included 
absence of breast feeding, presence of 
household siblings aged less than five 
years, prematurity, HIV infection, child 
care attendance, previous episode of 
invasive pneumococcal disease, having 
a congenital chromosomal abnormality, 
agammaglobulinemia, sickle cell disease, 
anatomic or functional dysplenia, ne-
phrotic syndrome, chronic renal failure, 
organ transplantation, diabetes mellitus, 
congestive cardiac failure, steroid use, 

cerebrospinal fluid leaks or chronic lung 
disease. The disease outcome at discharge 
was recorded for each enrolled child. The 
disease outcome was recorded as recov-
ered if clinical improvement was observed 
and if the child was nearly symptom free, 
had no dyspnea, no tachypnea, and a 
chest X-ray that was normal or showed 
only a small pleural effusion. The disease 
outcome was recorded as recovering if 
clinical improvement was observed but 
the child still had some symptoms related 
to pleural effusion, such as coughing and 
a chest X-ray that might still have a re-
sidual pleural effusion. The biochemical 
composition of PF sample [pH, lactate de-
hydrogenase and glucose concentrations, 
and white blood cells (WBC) counts] and 
blood samples (WBC counts) were also 
evaluated and recorded.

At the local hospital laboratories, 
PF and blood samples were cultured by 
standard techniques to identify pathogens 
responsible for empyema thoracis or 
parapneumonic pleural effusion (Fig 1). A 
fraction of the PF samples also underwent 
standard microbiological culture analy-
ses at the Centre for Infectious Diseases 
and Microbiology (CIDM, Australia). PF 
samples were also subjected to molecular 
analyses at the CIDM (Fig 1). PF samples 
were tested by real-time polymerase chain 
reaction (PCR) for the presence of genes 
encoding the pneumococcal autolysin 
(lytA) and species-specific PCR was 
performed for Haemophilus influenzae, 
Mycoplasma pneumoniae, and Chlamydia 
pneumoniae. Samples negative by both 
culture and species-specific PCR were 
tested by 16S rDNA PCR to identify other 
pathogens.

A child was considered S. pneumoniae 
culture-positive if at least one positive 
culture result for S. pneumoniae was ob-
tained at the local laboratory (blood or 
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PF sample) or at the CIDM. A child was 
considered S. pneumoniae-positive if S. 
pneumoniae was detected by any method 
(bacterial culture or PCR) in the blood 
or PF samples. S. pneumoniae culture 
isolates from PF and blood samples, and 
S. pneumoniae PCR-positive PF samples 
were further characterized at the CIDM 
to identify pneumococcal serotypes using 
multiplex PCR-reverse line blot (mPCR/
RLB) assays, in which both lytA and pneu-
mococcal pneumolysin (ply) were used as 
positive controls, as previously described 
(Strachan et al, 2011). Serotyping was also 
performed on all available S. pneumoniae 

culture isolates by conventional micro-
biological culture techniques using the 
Quellung reaction.

Antibiotic susceptibilities were tested 
in S. pneumoniae culture-positive samples, 
using the E-test (penicillin and ceftriax-
one) or Kirby-Bauer disc diffusion test 
(erythromycin and azithromycin). The 
breakpoints recommended by the Clinical 
and Laboratory Standard Institute (2009) 
were used to determine the antibiotic sus-
ceptibilities of the pneumococcal isolates. 

Statistical analysis
At least 100 children were expected 

Fig 1–Study procedures. ET, empyema thoracis diagnostic group; UPE, parapneumonic pleural 
effusion diagnostic group; n, number of children in the specified category; CIDM, Centre for 
Infectious Diseases and Microbiology; PCR, polymerase chain reaction; NA, not applicable; 
Sp, Streptococcus pneumoniae; mPCR/RLB, multiplex polymerase chain reaction-reverse line 
blot; PF, pleural fluid.
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Variable	 N=71	

Age (years), mean ± SD	 5.7 ± 4.75
Age category (years), n (%)		
	 <2 	 16 (23)	
	 2-5	 26 (37)	
	 6-16	 29 (41)	
Gender, n (%)		
	 Female	 26 (37)	
	 Male	 45 (63)	
At least one dose of 
pneumococcal vaccine, n (%)		
	 Yes	 0 (0)	
	 No	 68 (96)	
	 Unknown	 3 (4)	
Antibiotic pre-treatment, n (%)		
	 Yes	 65 (92)	
	 No	 6 (8)	

Table 1
Demographic characteristics and his-
tory of pneumococcal vaccination and 

antibiotic use among Thai children with 
empyema thoracis or parapneumonic 

pleural effusions (total cohort).

N, total number of children; n (%), number (per-
centage) of children in the specified category; 
SD, standard deviation.

to be enrolled in this study. The screened 
cohort included all children recorded in 
the logbook and the total cohort, all chil-
dren enrolled in the study.

Most study analyses were descrip-
tive. The proportions of S. pneumoniae-
positive children and of S. pneumoniae 
culture-positive children were calculated 
with their 95% confidence interval (CI). 
Comparability between children with 
empyema thoracis and parapneumonic 
pleural effusions for descriptive vari-
ables was assessed by the Student-t or 
the Wilcoxon-Mann-Whitney tests for 
continuous variables and by the Fisher 
exact or chi-square tests for categorical 
variables. All statistical analyses were 

performed using SAS®, version 9.2 (SAS 
Institute, Cary, NC).

RESULTS

Demographic and baseline characteristics 
of enrolled children

Of the 141 children screened, 29 
with empyema thoracis and 42 with 
parapneumonic pleural effusions were 
enrolled in the study. The main reasons 
the others were not enrolled included: 
non-availability of a PF sample [30/70 
insufficient or inadequate PF (n=22) and 
no thoracocentesis (n=8)], malignancy 
(12/70) and nosocomial infection (10/70) 
(Fig 1). Nearly all the remaining 18 children  
were excluded because their condition 
was thought to be due to a non-infectious 
cause or tuberculosis. More boys than 
girls were screened (86 boys, 55 girls) and 
enrolled (45 boys, 26 girls) in the study. 
The differences in gender distribution 
between the non-enrolled and enrolled 
children were not statistically significant 
(p=0.6). Enrolled children with empyema 
thoracis were significantly younger than 
enrolled children with parapneumonic 
pleural effusions (mean age of 4.5 and 
6.6 years, respectively; p = 0.04) (Table 1).

None of the enrolled children had 
been vaccinated with a pneumococcal 
conjugate vaccine. Seventy-three percent 
of the children (52/71) had no risk factor. 
The risk factors identified in the other 19 
children included presence of household 
siblings aged less than 5 years (n=15), 
absence of breast feeding among children 
younger than 2 years old (n=9), prematu-
rity (n=3) and child care attendance (n=3). 
Antibiotic use during the 1 month prior to 
their enrolment in the study was found in 
92% of children (65/71). Antibiotic treat-
ment of at least 5 days before enrolled was 
found in 74% (48/64).
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Characteristics	 Categories	 n (%)
	
Diagnostic thoracocentesis performed	 Yes	 66 	(93)
	 No	 5 	(7)	
Thoracostomy performed	 Yes	 38 	(54)	
	 No	 33 	(46)	
Chest drain inserted	 Yes	 36 	(51)	
	 No	 35 	(49)	
Decortication performed	 Yes	 6 	(16)	
	 No	 32 	(84)	
	 NA	 33 	(-)	
Thoracotomy performed	 Yes	 11 	(29)	
	 No	 27 	(71)	
	 NA	 33 	(-)	
Complications of thoracostomy	 Yes	 5 	(13)	
	 No	 33 	(87)	
	 NA	 33 	(-)	
Analgesia used	 Yes	 59 	(83)	
	 No	 11 	(15)	
	 Unknown	 1 	(1)	

Table 2
Treatment description of Thai children with empyema thoracis or parapneumonic 

pleural effusions (total cohort).

n (%), number (percentage) of children in the specified category; NA, not applicable.

Clinical management
Forty-nine percent of children (35/71) 

were referred from another hospital. The 
duration of hospitalization in the study 
hospital ranged from 4 to 72 days and 
the mean duration of hospitalization was 
23 days. At discharge, 61 children were 
“recovered or recovering”, 3 had “not re-
covered”, 1 had recovered with sequelae 
and 6 children died during the study pe-
riod (1 child with empyema thoracis and 
5 children with parapneumonic pleural 
effusion), giving an overall case fatality 
rate (CFR) of 8% (3% for children with 
empyema thoracis and 12% for children 
with parapneumonic pleural effusions). 
The causes of death were: respiratory 
failure (n=2, the first child had Down’s 
syndrome and morbid obesity as un-

derlying diseases and acute respiratory 
distress syndrome, acute hepatitis, and 
obstructive sleep apnea as co-morbidities, 
and the second child had mucopolysac-
charidosis as an underlying disease and 
acute respiratory distress syndrome, car-
diomyopathy, and autoimmune hemolytic 
anemia as co-morbidities); severe sepsis 
with disseminated intravascular coagu-
lopathy (n=1, the child had systemic lupus 
erythematosus as underlying disease and 
rapidly progressive glomerulonephritis, 
renal insufficiency and severe pneumonia 
as co-morbidities); lymphoma with lung 
metastases (n=1, the child had superior 
vena cava obstruction, acute respiratory 
failure, right pneumothorax, and bacte-
rial pneumonia as co-morbidities); right 
epidural abscess with subdural empyema 
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n (%), number (percentage) of children in the specified category; PF, pleural fluid; PCR, polymerase 
chain reaction; CIDM, Centre for Infectious Diseases and Microbiology; NA, not applicable.
aStreptococcus species isolated by the local laboratory and Streptococcus milleri isolated by CIDM 
were from the same patient.
bAcinetobacter baumannii is a recognized opportunistic pathogen and cause of nosocomial pneumonia.
cStaphylococcus epidermis was in one sample and Staphylococcus capitis and Bacillus species were in 
the other sample.
dTwo children infected with H. influenzae were co-infected with S. pneumoniae.

Table 3
Etiology of bacteria identified by culture and by PCR from blood and PF samples among 
Thai children with empyema thoracis or parapneumonic pleural effusions (total cohort).

Sample origin	 Characteristics	 Categories	 n (%)
	
Blood sample/Bacterial 	 Culture result	 Positive	 5 (8)	
culture/Local laboratory		  Negative	 61 (92)	
		  Missing/NA	 5 (-)	
	 Streptococcus pneumoniae	 Positive	 1 (2)	
	 Haemophilus influenzae	 Positive	 1 (2)	
	 Staphylococcus aureus	 Positive	 2 (3)	
	 Enterobacter spp	 Positive	 1 (2)	
PF sample/Bacterial 	 Culture result	 Positive	 13 (19)	
culture/Local laboratory		  Negative	 57 (81)	
		  Missing/NA	 1 (-)	
	 Streptococcus pneumoniae	 Positive	 2 (3)	
	 Haemophilus influenzae	 Positive	 1 (1)	
	 Pseudomonas aeruginosa	 Positive	 1 (1)	
	 Staphylococcus aureus	 Positive	 6 (9)	
	 Streptococcus speciesa	 Positive	 2 (3)	
	 Acinetobacter baumanniib	 Positive	 1 (1)	
PF sample/Bacterial 	 Culture result	 Positive	 15 (21)	
culture/CIDM		  Negative	 56 (79)	
	 Streptococcus pneumoniae	 Positive	 2 (3)	
	 Haemophilus influenzae	 Positive	 1 (1)	
	 Staphylococcus aureus	 Positive	 8 (11)	
	 Acinetobacter baumaniib	 Positive	 1 (1)	
	 Streptococcus milleria	 Positive 	 1 (1)	
	 Skin contaminantsc	 Positive 	 2 (3)	
PF sample/ PCR/CIDM	 Any bacteria	 Positive	 18 (25)	
		  Negative	 53 (75)	
	 Streptococcus pneumoniae	 Positive	 13 (18) - 2 mixedd

	 Haemophilus influenzae	 Positive	 6 (8) - 2 mixedd

	 Mycoplasma pneumoniae	 Positive	 1 (1)

(n=1); and H1N1 influenza (n=1, the child 
had Aicardi syndrome with epilepsy as 
underlying disease). Based on the ex-
clusion criteria, the children, who were 

diagnosed after their enrolment with 
disseminated intravascular coagulopathy  
and lymphoma with lung metastasis 
should have been excluded from the 
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Fig 2–Distribution of pneumococcal serotypes 
responsible for empyema thoracis and 
parapneumonic pleural effusions in Thai 
children assessed by culture at the local 
laboratory and by PCR at the Centre for 
Infectious Diseases and Microbiology (to-
tal cohort). PCR, polymerase chain reac-
tion; Unknown, below the detection limit.

study, but both children were included 
in the analysis and may have introduced 
a bias in the results.

When both current and past condi-
tions were taken into account, respira-
tory, thoracic and mediastinal underly-
ing conditions were the most common 
pre-existing conditions, reported in 14% 
(10/71) of children. On hospital admission, 
the most frequently reported signs were 
abnormal auscultatory findings, which 
were reported in 92% (65/71) of children, 
followed by tachypnea in 89% (63/71), 
cough in 83% (59/71), and need for oxy-
gen in 82% (58/71). The therapeutic pro-
cedures performed are shown in Table 2.  
Thoracotomy was performed more of-
ten in children with empyema thoracis 
than in children with a parapneumonic 
pleural effusions (27/29 versus 11/42; p 
<0.001); there were no significant differ-
ences between the groups in frequency of 

thoracotomy (9/27 versus 2/11; p= 0.45) or 
decortication (6/27 versus 0/11; p = 0.15).

Significantly more children with 
empyema thoracis than parapneumonic 
pleural effusion had PF samples with a 
lactate dehydrogenase level >1,000 IU/µl 
(17/20 versus 15/40; p <0.001), a glucose 
<60 mg/dl (15/20 versus 5/38; p <0.001), 
and a white blood cell count >1,000/µl 
(13/17 versus 18/39; p= 0.045). However, 
a similar proportion in each group had 
a PF pH<7.2 (4/14 versus 7/32; p = 0.71).
Identification of pathogens responsible 
for empyema thoracis and parapneumonic 
pleural effusion

At the local laboratories, potential 
pathogens were detected on standard 
bacterial culture in 3/26 and 2/40 blood 
samples and in 11/28 and 2/42 PF samples 
among children with empyema thoracis 
and parapneumonic pleural effusions, 
respectively (Table 3). The most frequently 
cultured pathogen was S. aureus, identi-
fied in the blood of 1 child with empyema 
thoracis and 1 child with a parapneumonic 
pleural effusion and in higher proportions 
of PF samples (5 versus 2 children; p = 
0.031). The other bacteria isolated from the 
PF samples were S. pneumoniae, H. influen-
zae, Pseudomonas aeruginosa, Streptococcus 
species, and Acinetobacter baumannii.

At the CIDM, pathogens were iso-
lated by standard bacterial culture of PF 
samples in 13/71 specimens; 10/29 from 
children with empyema thoracis and 
3/42 from children with parapneumonic 
pleural effusions. These pathogens were 
the same as those detected at the local 
laboratories, except for P. aeruginosa, 
which was not isolated at the CIDM. S. 
aureus was detected in a higher proportion 
of children with empyema thoracis than 
with parapneumonic pleural effusions, 
but this was not statistically significant 
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(6/29 versus 2/42 children; p = 0.056). In 
addition to the 13 pathogens identified 
by culture, bacteria considered as skin 
contaminants were cultured from the PF 
samples of 2 children.

At the CIDM, respiratory pathogens 
(excluding contaminants) were detected 
by PCR in 18/71 PF samples; 9/29 from 
children with empyema thoracis and 9/42 
from children with parapneumonic pleu-
ral effusions. The most frequently identi-
fied pathogen was S. pneumoniae (13/71), 
followed by H. influenzae and Mycoplasma 
pneumoniae. Two children infected with H. 
influenzae were co-infected with S. pneu-
moniae. DNA of the non-pathogenic envi-
ronmental bacteria was detected in 28/39 
PF samples tested by 16S rDNA PCR; and 
were considered to be contaminants. No 
additional pathogens were identified. This 
suggests no S. aureus-positive samples 
were missed by culture.
Occurrence and serotype distribution of 
S. pneumoniae

Overall, 13/71 children (18.3%) were 
S. pneumoniae-positive (5 children with 
empyema thoracis and 8 children with 
parapneumonic pleural effusions). Of 
these, 3 were also S. pneumoniae culture-
positive (2 PF samples and 1 blood sam-
ple). Serotypes 6B, 14 and 15A were identi-
fied by conventional serotyping methods 
in these children (Fig 2). The serotypes 
identified by PCR in the S. pneumoniae-
positive children were: 14 (n=2), 1, 3, 5, 6B, 
9A/V, 19F and 23A (n=1 for each serotype). 
The serotypes could not be identified by 
molecular methods in 4 S. pneumoniae-
positive children. Serotypes identified by 
bacterial culture were also identified by 
PCR, except in a child identified as posi-
tive for serotype 15A by bacterial culture 
(from a blood sample), whose PF sample 
was culture negative and PCR positive, 

but with an unknown serotype.
Antibiotic susceptibility

Of the 3 S. pneumoniae culture-pos-
itive samples, all were susceptible to 
penicillin, ceftriaxone, erythromycin and 
azithromycin (data not shown).

DISCUSSION

The results are the first published data 
regarding the etiology of empyema thora-
cis and parapneumonic pleural effusions 
in Thailand. A variety of different bacteria 
were identified by bacterial culture or mo-
lecular analyses in PF samples from Thai 
children diagnosed with both conditions.

For the majority of respiratory patho-
gens, a higher proportion of PF samples 
were positive when the PCR analysis was 
used with the bacterial culture. Using 
bacterial culture and PCR, 2 and 13 chil-
dren were S. pneumoniae-positive, 1 and 
6 were H. influenzae-positive and 0 and 1 
with M. pneumoniae-positive, respectively. 
S. aureus was identified by culture in 8 
children. Other opportunistic pathogens, 
such as P. aeruginosa, Streptococcus species 
and Acinetobacter baumannii were detected 
by culture in PF samples; these bacteria 
can be respiratory contaminants or a sig-
nificant cause of opportunistic pneumo-
nia, especially in immunocompromised 
children.

S. aureus was the most frequently 
identified bacteria by culture at both the 
local laboratories and the CIDM. This is 
similar to the results of a previous study, 
in which S. aureus was the most common 
bacteria identified by culture in Asian 
children with empyema (Nyambat et al, 
2008). This is also consistent with an un-
published study from Bangkok during 
1993-1997, which found the most common 
species isolated by culture from children 
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with parapneumonic effusions were S. 
aureus followed by S. pneumoniae and H. 
influenzae (Wiramitchai, 1998). However, 
these results contrast with those of a re-
cent study conducted in Taiwan, where 
S. pneumoniae was the most common 
pathogen identified from bacterial cul-
tures in children with empyema thoracis 
and parapneumonic pleural effusions (Lin  
et al, 2011).

Using molecular techniques, the 
most frequently identified pathogens in 
our study were S. pneumoniae, followed 
by H. influenzae. This is similar to a study 
among Taiwanese children, although S. 
pneumoniae was found less frequently in 
their study than in our study among chil-
dren with empyema thoracis (17% vs 75%) 
and among children with parapnuemonia 
pleural effusions (19% vs 45%) (Lin et al, 
2011). The differences between these stud-
ies might be due to problems in storage 
or transport of the samples, leading to 
degradation of the DNA.

The proportions of S. pneumoniae-
positive samples did not differ substan-
tially between children with empyema 
thoracis and parapneumonic pleural effu-
sions, when bacterial culture or molecular 
techniques were used for pathogen iden-
tification. Although all culture-positive 
samples were also PCR-positive, we 
observed a greater sensitiviy and speci-
ficity with molecular analysis. Three dif-
ferent serotypes were identified from 3  
S. pneumoniae-positive PF samples by 
bacterial culture and 8 different serotypes 
were identified from 13 S. pneumoniae-
positive PF samples by PCR. Four of the 
13 S. pneumoniae-positive children had an 
unknown serotype in the current study. 
This proportion is similar to other studies 
using mPCR/RLB for serotype identifica-
tion (Lin et al, 2011; Strachan et al, 2011). 
PCR identifed serotypes 1 and 5, which 

are included in the 10-valent  and 13-va-
lent pneumococcal conjugate vaccines 
recently approved for use in Thailand 
(Food and Drug Administration Thailand, 
2012a,b). This finding is consistent with 
studies from other countries (Hausdorff 
et al, 2005; Byington et al, 2006; Calbo et al, 
2006; Fletcher et al, 2006; Obando et al, 
2006). Eight of the 13 serotypes detected 
by PCR are covered by either the 10- or 
13-valent vaccines, similar to the pneumo-
coccal serotype distribution found in other 
studies from Thailand (Reechaipichitkul 
et al, 2006; Srifeungfung et al, 2010). No 
specific conclusions regarding serotype 
distribution can be made given the small 
number of isolates and DNA samples 
serotyped in this study.

Pneumococcal isolates in this study 
were susceptible to penicillin, ceftriaxone, 
erythromycin and azithromycin. How-
ever, antibiotic susceptibility analyses 
were performed in only 3 S. pneumoniae 
culture-positive isolates. Additional stud-
ies are needed to evaluate the rates of 
antibiotic resistance among S. pneumoniae 
in Thai children with empyema thoracis 
and parapneumonic pleural effusions.

An unexpectedly high number of 
enrolled children died during this study 
(6 children: 1 with empyema thoracis and 
5 with parapneumonic pleural effusions). 
Five of the 6 children had major underly-
ing comorbidities: Down’s syndrome/
morbid obesity, mucopolysaccharidosis, 
lymphoma, systemic lupus erythemato-
sus and Aicardi syndrome with epilepsy. 
The investigators found the causes of 
death were related to serious pre-existing 
conditions in 3 cases: 2 children had sig-
nificant viral respiratory infections and 1 
child had serious extrapulmonary sepsis. 
None of the deaths appeared to be due 
to empyema thoracis or parapneumonic 
pleural effusions. A higher mortality from 
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a parapneumonic pleural effusion than 
empyema thoracis in previously healthy 
child would be unlikely since empyema 
thoracis is a more serious complication of 
pneumonia than a parapneumonic pleural 
effusion.

An important limitation of this study 
was the low enrolment rate and the fact 
that 43% of the eligible participants 
could not be enrolled because of the non-
availability of PF samples, which could 
be explained by the high proportion of 
children referred from another hospital. 
Another limitation was the high number 
of samples that were culture-negative, 
which could be explained by the frequent 
use of antibiotics prior to enrollment. 
The large number of samples that were 
negative with molecular analyses, might 
be due to inadequate handling, long 
storage or poor transport conditions of 
the samples. These factors could have 
introduced bias in pathogen distribution 
since some bacteria, such as S. pneumoniae, 
are fragile and capable of autolysis from 
poor handling, while other bacteria, such 
as S. aureus, are more tolerant of handling, 
transport and long storage periods. The 
limited panel of pathogens targeted for by 
PCR in this study may also be a reason for 
the high proportion of negative samples. 
Other pathogens might have been present 
in some samples without being detected.

In conclusion, this study found in 
Thai children with empyema thoracis 
and parapneumonic pleural effusions, S. 
aureus was the most frequently detected 
bacteria with bacterial culture and S. pneu-
moniae was the most frequently detected 
bacteria with PCR. Molecular analysis of 
the PF samples improves the sensitivity 
of detecting bacteria in the PF. Although 
PCR is more sensitive and specific, there 
are limitations to this technique. Improve-
ments need to be made, such as the reduc-

tion of reducing negative samples and 
the number of unknown pneumococcal 
serotypes in children with parapneumonic 
pleural effusions.
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