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Introduction: Empyema is one of the important causes of pediatric hospital 
admissions.
Aim: In this study, we had investigated the frequency rates of S aureus, S pneumoniae, 
H influenzae, and P aeruginosa using PCR and bacterial culture among children suffer-
ing from empyema in Ahvaz city, Iran.
Methods: This was a descriptive study conducted on the patients hospitalized in 
ICUs of two teaching Hospitals of Ahvaz, Iran, between March and September 2018 
on 105 pleural fluid (PF) samples of the children less than 16 years of age with the 
diagnosis of empyema thoracis. These specimens were inoculated on the bacterial 
culture media and identified using biochemical characteristics. Then, the existence of 
the four pathogens mentioned above was evaluated using PCR method.
Result: In this study, these bacteria agents were identified in 81 (77.14%) and 30 
(28.57%) cases using the PCR assay and bacterial culture, respectively. Moreover, the 
PCR assay identified the infectious agents in 51 (68%) of PFs where the culture 
method failed. S pneumoniae (63 cases) was recognized as the most common patho-
gen, followed by P aeruginosa (19 cases), S aureus (15 cases), and H influenzae (9 cases) 
using the bacterial culture and PCR. Co‐infections were detected in 21 samples (20%) 
using PCR and one sample using the bacterial culture (P aeruginosa and S 
pneumoniae).
Conclusion: In this study, we found the higher frequencies of these microorganisms 
using PCR than culture. In addition, we showed that PCR was a sensitive and accurate 
method that unaffected by antibiotic therapy and could detect well co‐infections.
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1  | INTRODUC TION

Empyema thoracis is known as the most common complication of bac-
terial pneumonia. Moreover, it occurs in 5%‐10% of patients suffering 
from pneumonia. The incidence rates of empyema are increasing in 

both children and adults, and have occurred approximately 10 cases 
/10 000.1 On the other hand, it is an important cause of the hospital 
admission with a morbidity and mortality rate up to 10%.2 The dif-
ferent causative organisms are responsible for the pleural infections 
in various countries. Hence, the analysis of the local epidemiological 
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data is necessary. In general, aerobic bacteria are considered as the 
dominant microorganisms isolated from positive cultures, while an-
aerobic bacteria account exclusively for up to 15% of cases of pleural 
infections.3,4 Streptococcus pneumoniae is the most common cause 
of empyema. Other important bacterial agents, which are becoming 
increasingly frequent in the pleural infections, are Staphylococcus 
aureus, Streptococcus pyogenes, Haemophilus influenzae, Mycoplasma 
pneumoniae, Pseudomonas aeruginosa, and other Streptococcus spp1

A fast and correct diagnosis followed by a period of appropriate 
antibiotic treatment is imperative for the mortality reduction in chil-
dren.5 Currently, the bacterial culture is the gold standard method 
for the diagnosis of the presence of bacterial pathogens in clinical 
samples. However, the detection rates of bacteria from clinical sam-
ples using culture are as low as between 17% and 42%.6 The low 
rates can be explained to be due to some growth requirements or 
the administration of broad‐spectrum antibiotics before obtaining 
pleural fluid (PF) samples for culture.7 Unlike the bacterial culture, 
the molecular methods such as PCR have more sensitive for the 
detection of causative microorganisms. Moreover, PCR has many 
potential advantages, including positivity of the results in the early 
course of infection, and the lack of impacts of the prior administra-
tion of antibiotics on the results.8 To our knowledge, in our region, 
the prevalence of the causative bacterial agents of empyema among 
pediatrics is not determined yet. Hence, this study was aimed to 
investigate the frequency rates of the major bacterial pathogens 
among children suffering from empyema using the bacterial culture 
and PCR in Ahvaz city, Iran.

2  | MATERIAL S AND METHODS

2.1 | Design study

This was a descriptive study conducted on the patients hospitalized 
in ICUs (intensive care unit) of two Hospitals of Abouzar and Imam 
Khomeini (Ahvaz, Iran) between March and September 2018.

This study was performed on PF samples of the children less than 
16 years of age with the diagnosis of empyema thoracis, as the con-
sequence of a late pneumonia. Moreover, we collected these samples 
from patients with CAP (community‐accrued pneumonia) or HAP 
(hospital‐accrued pneumonia). The clinical condition of these patients 

had necessitated the drainage of PF. Empyema thoracis was diagnosed 
based on the macroscopic presence of the pus in PF samples and the 
clinical observation of chest X‐ray. Exclusion criteria of the partici-
pants were the esophageal rupture, severe coagulopathy that con-
traindicates thoracentesis, immunodeficiency, abdominal or thoracic 
surgery, collagen vascular disease, or melioidosis.8 Finally, we included 
all patients hospitalized in this period with the diagnosis of empyema 
who met the inclusion and exclusion criteria mentioned above.

Before enrollment to this study, the parents of patients had com-
pleted the informed consent forms. Study protocol and the consent 
form were reviewed and approved by ethics committees of Islamic 
Azad University, Branch of Yasouj, Iran.

2.2 | Microbiologic culture

In this study, PF samples were collected from patients with em-
pyema for the detection of infectious agents. All of these samples 
were transferred to the microbiology laboratory of University of 
Medical Sciences of Ahvaz, Iran, during one hour. PF specimens 
were streaked on blood agar and chocolate agar (Merck‐Germany) 
under the microaerophilic (8% CO2) and aerobic conditions at 37°C 
and monitored daily to five days. The bacteria isolates were identi-
fied using the standard laboratory methods. Briefly, first Gram stain, 
colony morphology, and growth characteristics on the culture media 
were examined and then some additional tests were performed on 
these colonies. For example, optochin test and bile solubility were 
established for identification of S pneumoniae; coagulase test was 
established for S aureus and a requirement to the x and v factors for 
the identification of H influenzae.9

2.3 | DNA extraction

PF samples were concentrated by centrifugation (13 000 g, 5 min-
utes), and the pellets were used for DNA extraction. Before DNA 
extraction, a brief modification was performed on the samples. 
Moreover, an additional incubation at 37°C for 15 minutes with 15 
μL of lysozyme (10 mg/mL) was carried out for proper lysis of the 
bacterial cell wall. Then, DNA was extracted using the High Pure 
PCR Template Preparation Kit (Roche Diagnostics, Mannheim, 
Germany) in accordance with the manufacturer's instructions.

TA B L E  1  Primer sequences and annealing temperatures used in this study

Gene Microorganism Primer 5' to 3' Annealing Tm Amplicon size Ref.

ecfX P aeruginosa F‐ATGGATGAGCGCTTCCGTG 
R‐TCATCCTTCGCCTCCCTG

52 528 bp 11

lytA S pneumoniae F‐CATGGCGCCTTCTTTAGCGTC 
R‐GAGTTCATGACGGACTACCG

54 546 bp 8

bexA H influenzae F‐TATCACACAAATAGCGGTTG 
R‐GGCCAAGAGATACTCATAGA

55 182 bp 10

femA S aureus F‐CAGTCACTAGCTGGGCCACTT 
R‐GTCAATTAGGTTATGTCGGAG

50 256 bp 8

mecA MRSA F‐TGGCTATCGTGTCAC AATCG 
R‐CTGGAACTTGTTGAGCAGAG

51 304 bp 8
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2.4 | PCR

The molecular identifications of the major bacterial pathogens were 
performed by the amplifications of species‐specific genes. The PCR 
targets were thelytA gene for S pneumoniae,8 the P1 gene for H influ-
enzae,10 the femA gene for S aureus,8 and the ecfX gene for P aerugi-
nosa.11 The primer sets used for the identification of P aeruginosa, S 
pneumoniae, H influenzae, and S aureus and their annealing tempera-
tures are listed in Table 1. The Uniplex PCRs for each target organ-
ism were prepared in a final volume of 20 μL. In all of these PCRs, the 
distilled water was used as the negative control. The amplification 
mixture consisted of 1U of Taq DNA polymerase, 1.5 mmol/L MgCl2, 
200 μmol/L dNTP, 0.4 μmol/L of each primer, 10x PCR buffer, 5 μL 
of template DNA, and distilled water up to a final volume of 20 μL. 
The amplification process was performed in a Mastercycler Nexus 
Thermal Cycler Gradient (Eppendorf, Hamburg, Germany) with one 
cycle of initial denaturation at 94°C for 5 minutes, followed by 35 
cycles of denaturation at 94°C for 30 seconds, annealing tempera-
tures following Table 1 and extension at 72°C for 60 seconds, with a 
final extension for 7 minutes at 72°C.8,10,11 The PCR products were 
visualized on 1% agarose gel stained with safe stain.

2.5 | Statistical method

The descriptive statistics and chi‐square test with a level of signifi-
cance of P < 0.05 were performed in SPSS version 16.00. In addition, 
the sensitivity and negative predictive value (NPV) were calculated 
for both PCR and bacterial culture techniques on PF samples, while 
the culture was considered as the gold standard.

3  | RESULT

In total, 105 PF samples were analyzed by both PCR and bacte-
rial culture. Their mean age was 9.87 ± 0.58 years (age range 0.3 to 
15 years old) and the boy‐to‐girl ratio was 1.7:1. Demographic data 
were available from these 105 patients; of these, 8 cases (7.61%)were 
fully vaccinated against H influenzae type b (median age 1.81 years, 
range 1‐2 years); 4 cases (3.8%) were partially vaccinated (median 
age 0.47 years, range 0.4‐0.5 years); and 93 cases (88.57%) were not 
vaccinated (median age 6.46 years, range 0.3‐15 years). In this study, 
the pneumonia in 76 patients was diagnosed as CAP and in the 29 
remaining patients was HAP.

The PCR assay detected the bacteria agents in 77.14% (81 cases) 
of PF samples while the bacterial culture identified the pathogens in 
30 cases (28.57%). Moreover, the PCR assay identified the infectious 
agents in 51 (68%) PF samples where the culture method failed.

Table 2 shows the frequencies of these microorganisms in PF 
samples using the bacterial culture and PCR. Also, the amounts of 
NPV and sensitivity of the PCR assay compared to the bacterial 
culture of PF samples are shown in Table 3. According to these re-
sults, the amounts of NPV and sensitivity were high for all of these 
pathogens.

The co‐infections were detected in 21 samples (20%) by PCR 
and one sample using the bacterial culture (P aeruginosa and S 
pneumoniae). The details of the co‐infection results are described 
in Table 4. According to the data, the co‐infection of P aeruginosa 
and S pneumoniae was the most common co‐infection in children 
with empyema.

In this work, seventy‐nine (75.23%) patients had received antibi-
otic before sampling from pleural fluid and their bacterial culture was 
negative in 68 (86.1%) of these 79 patients. However, the antibiotic 
treatment before sampling had no effect on PCR results (P > 0.05). 
Table 5 shows the effects of antibiotic treatment on the results of 
the bacterial culture and PCR.

4  | DISCUSSION

Bacterial pneumonia is the most common cause of thoracic em-
pyema, especially in the pediatric age‐group. Pleural effusion dur-
ing the course of nonspecific bacterial pneumonia can progress 
to empyema for several reasons, including malnutrition, immuno-
deficiency, irregular antibiotic treatment, the delay in diagnosis 
of pneumonia, and disappearance of the signs and symptoms of 
pneumonia.12

In our study, the most common bacterial agents of pleural ef-
fusion were identified by the bacterial culture and conventional 
PCR of PF samples. We indicated that the yield of the positive re-
sults was much low using the microbiologic culture compared to 
PCR (28.57% vs 77.14%). This low sensitivity can be explained to 
be due to the antibiotic treatment before sampling, the low bac-
terial load in sample, or the presence of bacterial agents with the 
stringent requirements.7 As expected, a higher proportion of PF 

TA B L E  2  Frequencies of bacterial pathogens using bacterial 
culture and PCR in pleural fluids

Organism Culture n (%) PCR n (%)

S aureus 5 (4.8) 15 (14.3)

H influenzae 3 (2.9) 9 (8.6)

S pneumoniae 13 (12.4) 63 (60)

P aeruginosa 9 (8.6) 19 (18.1)

MRSA Unknown 9 (8.5)

TA B L E  3  Determination of NPV and sensitivity of the PCR assay 
compared to the bacterial culture in pleural fluids

Organism Sensitivity (%) NPV (%)

S aureus 100 100

H influenzae 100 100

S pneumoniae 100 100

P aeruginosa 77.8 97.7

MRSA ‐ ‐
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samples were positive when the bacterial culture was used in com-
bination with PCR analysis. In our study, 75.23% of patients had 
initiated antibiotic treatment before sampling. As expected, the 
use of antibiotics before PF sampling did not affect the bacteria 
identification by PCR (P = 0.177). However, there was a clear dif-
ference between the treated and untreated groups when the cul-
ture method was performed for the identification of the bacteria 
(P < 0.001). Moreover, the chance of obtaining a positive result 
with antibiotic consumption had increased notably to 7‐fold (from 
10.47% to 75.23%), when the PCR assay was used instead of the 
bacterial culture. In our study, the PCR identified these infectious 
agents in 68% of cases (51 out of 75) with the negative PF culture 
results. In agreement with our research, Menezes‐Martins et al8 
and Lochindarat et al13 confirmed the advantage of PCR compared 
to the culture method for identification of these bacterial agents in 
the negative cultures.

In our study, the values of NPV and sensitivity of PCR compared 
to culture on PF samples for these four pathogens were calculated 
separately. As shown in Table 2, the PCR technique had the high 
NPV and sensitivity values for these pathogens, suggesting the char-
acteristics of a desirable screening test.

In our study, S pneumoniae was recognized as the most frequent 
bacterial agent identified by both the PCR and bacterial culture. This 
finding was similar to the study conducted on Canadian children,14 
where the frequency rate of S pneumoniae was as same as our study 
(60% vs 62%). Also, S pneumoniae was the most common pathogen 
in a Spanish population15 (25.6%), but it was found with the less 

frequency than our study. The differences in the frequency rates 
reported in these studies might be due to the diversity in the age 
ranges of enrolled patients. In our study using PCR, S pneumoniae 
was recognized in 79.4% of PFs with a negative culture. In consistent 
with our study, in research of Menezes et al,8 the identification of 
S pneumoniae with PCR was unaffected by antibiotic consumption, 
Although this effect was seen well on the bacterial cultures. Hence, 
the use of PCR for finding pneumococci as one of the main patho-
gens in empyema cases is recommended to all laboratories. Since in 
our study, S pneumoniae was the main cause of empyema among chil-
dren, the introduction of the pneumococcal vaccine into childhood 
immunization programs can reduce the incidence and morbidity of 
invasive pneumococcal disease in this age‐group. However, unfor-
tunately, pneumococcal conjugate vaccine had not been introduced 
in Iran yet.

In our study, P aeruginosa was recognized as the second cause 
of empyema (nine cases by the microbial culture and 19 cases by 
PCR). The frequency rates of P aeruginosa reported in other stud-
ies were lower than ours.3,7,9,16 The low frequency may be due to 
the exclusive use of microbiologic method for the detection of this 
organism or the low prevalence of risk factors associated with the 
pseudomonas infections in their studies. For example, the low rate 
of detection of P aeruginosa in the research of Strachan et al4 was 
due to the lack of availability to the PCR strategy for the identifi-
cation of this organism. Pseudomonas aeruginosa is an opportunistic 
pathogen that often colonized in immunocompromised patients.17 
In our study, most patients with the positive results for P aeruginosa 
had at least one of the risk factors predisposing to the pseudomonas 
infections (data not shown).

P aeruginosa is the second cause of HAP, especially in the patients 
hospitalized in ICU.18 In our study, empyema among 17 out of 19 
cases with the positive results for the pseudomonas infections was 
recognized as the outcome of HAP. On the other hand, according to 
the data obtained from the hospital laboratories, the pseudomonas 
infections reported from these 17 patients had occurred during >72 
hours or more after hospital admission. P aeruginosa is also reported 
as one of the main causes of ventilator‐acquired pneumonia (VAP).19 
VAP is considered as the second most common of nosocomial infec-
tions among mechanically ventilated patients in the ICUs.20 In our 
study, 8 out of 17 patients had VAP.

Also, we showed that the most common co‐infection of P aeru-
ginosa with other pathogens was associated with the colonization 
of P aeruginosa and S pneumoniae (13 cases), followed by P aerugi-
nosa, S aureus and S pneumoniae (1case) and P aeruginosa and S aureus 
(1case). Our data showed that these 14 cases with the co‐infections 
of S pneumoniae and P aeruginosa had been initially infected with S 
pneumoniae in community, for example, they had acquired CAP and 
later acquired HAP due to P aeruginosa. Moreover, ventilator had 
been used for all of these 14 cases that among them only 8 cases 
had been infected with P aeruginosa due to the contamination water 
used in some ventilators and then acquired VAP. Also, HAP due to 
P aeruginosa in the remaining cases was due to other risk factors 
predisposing to the pseudomonas infections such as underlying 

TA B L E  4  Co‐infection results of pathogens using bacterial 
culture and PCR

Microorganisms PCR (n)
Bacterial 
culture (n)

S aureus and S pneumoniae 4 0

S aureus and S pneumoniae & P 
aeruginosa

1 0

S aureus and P aeruginosa 1 0

S aureus and H influenzae 2 0

P aeruginosa and S pneumoniae 13 1

TA B L E  5   Effects of antibiotic treatment on the bacterial culture 
and PCR

Antibiotic before PF sampling

Yes (n = 79) No (n = 26) P value

Positive PCR 
result

23 (88.5%) 58 (73.41%) 0.177

Negative PCR 
result

3 (11.53%) 21 (26.58%)

Positive culture 
result

19 (73.07%) 11 (13.92%) >0.001

Negative 
culture result

7 (26.92%) 68 (86.07%)
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diseases, immunocompromise condition, or malignancy(data not 
shown).

In the present study, S aureus was introduced as the third cause 
of empyema (five cases by microbial culture and 15 cases by PCR). 
However, some researchers were reported this bacterium as the 
main cause of empyema.8,13,21,22 S aureus is associated with high 
rates of morbidity and mortality in hospitals worldwide and is re-
sponsible for more than 20% of all nosocomial pneumonia cases.23 
In our study, empyema among eight cases with the positive result 
for S aureus was due to HAP. Among them, ventilator was only 
used for the two cases with COPD symptoms. The methicillin‐
resistant S aureus strains now have accounted for 20 to 50% of 
cases of HAP and VAP.24 In our study, the mecA gene was found 
in nine S aureus strains (60%). In similar to our study, the high in-
cidence of the mecA gene in PF samples was reported by other 
researchers.4,13,25

In this present study, H influenzae was recognized as the fourth 
cause of empyema (3 cases by microbial culture and nine cases by 
PCR, in total 8.75%). The frequency rates of this organism in other 
regions using the bacterial culture or PCR were lower than our study, 
ranged from 0.4% to 3.2%.4,7,21,26 Since H influenzae is an organism 
with complex requirements, the use of the molecular methods or 
other techniques independent of the microbiologic growth is sug-
gested to all laboratories. In our study, for the identification of H 
influenzae, we amplified the P6 gene of this organism. This gene is en-
coded by both typable strains and non‐typable strains of H influen-
zae,27 and hence, we could not differentiate between these strains. 
H influenzae type b is the most aggressive type of this organism. In 
Iran, the immunization against H influenzae type b has been initiated 
since November 2014. In our study, only 7.6% of patients were fully 
vaccinated against this organism. This low rate can be explained due 
to a long delay in the introduction of this vaccine into the national 
immunization program.

The main limitation of our study was the lack of availability to 
the real‐time PCR strategy for the diagnosis of accurate counts of 
each pathogen. In addition, we could not determinate the serotype 
types of S pneumoniae and H influenzae using serology or molecular 
techniques.

5  | CONCLUSION

In this study, we found the higher frequency of these microorgan-
isms by PCR than culture. In addition, we showed that PCR was a 
sensitive and accurate method that unaffected by antibiotic therapy 
and could detect well co‐infections.

ACKNOWLEDG MENTS

This study is a part of M. Sc. thesis of Samaneh Youfpour, which 
has been approved as a research and was financially supported by 
Department of Microbiology of Islamic Azad University of Yasouj, 
Iran, and thanks all of them.

AUTHOR CONTRIBUTIONS

Samaneh Youfpour and Tahereh Navidifar carried out the laboratory 
tests. Mansour Amin participated in designing the study. Tahereh 
Navidifar participated in drafting the article. Also all authors ap-
proved the final article.

ORCID

Tahereh Navidifar   https://orcid.org/0000-0003-4584-2327 

R E FE R E N C E S

	 1.	 Fletcher MA, Schmitt HJ, Syrochkina M, et al. Pneumococcal em-
pyema and complicated pneumonias: global trends in incidence, 
prevalence, and serotype epidemiology. Eur J Clin Microbiol Infect 
Dis. 2014;33:879‐910.

	 2.	 Buckingham SC, King MD, Miller ML. Incidence and etiologies of 
complicated parapneumonic effusions in children, 1996 to 2001. 
Pediatr Infect Dis J. 2003;22:499‐504.

	 3.	 Kikuchi N, Nomura A, Endo T, et al. Anaerobic bacterial empyema 
accompanying intrathoracic gas formation in anorexia nervosa. Int J 
Eat Disord. 2006;39:621‐623.

	 4.	 Strachan RE, Cornelius A, Gilbert GL, et al. Australian Research 
Network in Empyema. Bacterial causes of empyema in children, 
Australia, 2007–2009. Emerg Infect Dis. 2011;17 :1839–1845.

	 5.	 Wu YD, Li W, Wei Y, et al. Rapid and Sensitive Identification of 
Bacterial Infection and Bacteria Gram Types in Pleural Fluid of 
Children. Glob Pediatr. Health. 2015;30(2):2333794X15569302.

	 6.	 Jiménez D, Díaz G, García‐Rull S, et al. Routine use of pleural fluid 
cultures. Are they indicated Limited yield, minimal impact on treat-
ment decisions. Respir Med. 2006;100:2048–2052.

	 7.	 Insa R, Marín M, Martín A, et al. Systematic use of universal 16S 
rRNA gene polymerase chain reaction (PCR) and sequencing for 
processing pleural effusions improves conventional culture tech-
niques. Medicine (Baltimore). 2012;91:103–110.

	 8.	 Menezes‐Martins LF, Menezes‐Martins JJ, Michaelsen VS, et al. 
Diagnosis of parapneumonic pleural effusion by polymerase chain 
reaction in children. J Pediatr Surg. 2005;40:1106–1110.

	 9.	 Abdollahi A, Shoar S, Saffar H, et al. Microbial and Antibiotic 
Susceptibility Profiles among Pleural Effusion Exudative Samples. 
Iran J Pathol. 2014;1(9):38–44.

	10.	 Tzanakaki G, Tsopanomichalou M, Kesanopoulos K, et al. 
Simultaneous single‐tube PCR assay for the detection of Neisseria 
meningitidis, Haemophilus influenzae type b and Streptococcus 
pneumoniae. Clin Microbiol Infect. 2005;11:386–390.

	11.	 Choi HJ, Kim MH, Cho MS, et al. Improved PCR for identifi-
cation of Pseudomonas aeruginosa. Appl Microbiol Biotechnol. 
2013;97:3643–3651.

	12.	 Krenke K, Sadowy E, Podsiadły E, et al. Etiology of parapneumonic 
effusion and pleural empyema in children. The role of conventional 
and molecular microbiological tests. Respir Med. 2016;116:28– 
33.

	13.	 Lochindarat S, Teeratakulpisarn J, Warachit B, et al. Bacterial eti-
ology of empyema thoracis and parapneumonic pleural effusion in 
Thai children aged less than 16 years. Southeast Asian J Trop Med 
Public Health. 2014;45:442–454.

	14.	 Pernica JM, Moldovan I, Chan F, et al. Real‐time polymerase chain 
reaction for microbiological diagnosis of parapneumonic effu-
sions in Canadian children. Can J Infect Dis Med Microbiol. 2014;25: 
151–154.

	15.	 Obando I, Muñoz‐Almagro C, Arroyo LA, et al. Pediatric parapneu-
monic empyema. Spain. Emerg Infect Dis. 2008;14:1390–1397.

https://orcid.org/0000-0003-4584-2327
https://orcid.org/0000-0003-4584-2327


6 of 6  |     AMIN et al.

	16.	 Maskell NA, Batt S, Hedley EL, et al. The bacteriology of pleural 
infection by genetic and standard methods and its mortality signif-
icance. Am J Respir Crit Care Med. 2006;1(174):817–823.

	17.	 de Bentzmann S, Plésiat P. The Pseudomonas aeruginosa op-
portunistic pathogen and human infections. Environ Microbiol. 
2011;13:1655–1665.

	18.	 Hirsch EB, Tam VH. Impact of multidrug‐resistant Pseudomonas 
aeruginosa infection on patient outcomes. Expert Rev Pharmacoecon 
Outcomes Res. 2010;10:441–451.

	19.	 Kalanuria AA, Ziai W, Mirski M. Ventilator‐associated pneumonia in 
the ICU. Crit Care. 2014;18:208.

	20.	 Hunter JD. Ventilator associated pneumonia. BMJ. 2012;344:e3325.
	21.	 Utine GE, Ozçelik U, Kiper N, et al. Pediatric pleural effusions: eti-

ological evaluation in 492 patients over 29 years. Turk J Pediatr. 
2009;51:214–219.

	22.	 Nyambat B, Kilgore PE, Yong DE, et al. Survey of childhood 
empyema in Asia: implications for detecting the unmeasured 
burden of culture‐negative bacterial disease. BMC Infect Dis. 
2008;8:90.

	23.	 Tacconelli E, De Angelis G. Pneumonia due to methicillin‐resistant 
Staphylococcus aureus: clinical features, diagnosis and manage-
ment. Curr Opin Pulm Med. 2009;15:218–222.

	24.	 Rotstein C, Evans G, Born A, et al. Clinical practice guidelines for 
hospital‐acquired pneumonia and ventilator‐associated pneumonia 
in adults. Can J Infect Dis Med Microbiol. 2008;19:19–53.

	25.	 Chen KC, Lin JW, Tseng YT, et al. Thoracic empyema in patients 
with liver cirrhosis: clinical characteristics and outcome anal-
ysis of thoracoscopic management. J Thorac Cardiovasc Surg. 
2012;143:1144–1151.

	26.	 Harris KA, Hartley JC. Development of broad‐range 16S rDNA PCR 
for use in the routine diagnostic clinical microbiology service. J Med 
Microbiol. 2003;52:685–691.

	27.	 Hotomi M, Togawa A, Kono M, et al. An application of outer mem-
brane protein p6‐specific enzyme‐linked immunosorbent assay for 
detection of haemophilus influenzae in middle ear fluids and naso-
pharyngeal secretions. PLoS ONE. 2013;28(8):e71774.

How to cite this article: Amin M, Yousef pour S, Navidifar T. 
Detection of the major bacterial pathogens among children 
suffering from empyema in Ahvaz city, Iran. J Clin Lab Anal. 
2019;33:e22855. https://doi.org/10.1002/jcla.22855

https://doi.org/10.1002/jcla.22855

