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ABSTRAK

Kegunaan kultur sekresi saluran pernapasan bawah dalam mengarahkan diagnosis mikrobiologis pneumonia masih kontroversial.
Karena kontaminasi bakteri orofaringeal tak terelakkan terjadi dalam koleksi semua sampel sekresi pernapasan, teknik kultur
kuantitatif selalu diperlukan untuk membedakan kontaminan orofaringeal berkonsentrasi rendah dengan konsentrasi tinggi yang
menginfeksi organisme. Diteliti 783 pasien pneumonia dari RSUD Dr Soetomo Surabaya pada tahun 2012. Sebelum pemberian
terapi antibiotik, sekresi saluran pernapasan bawah dikumpulkan dan diproses sesuai dengan protokol standar. Penghitungan dahak
dari pasien dengan pneumonia mengungkapkan bahwa patogen kemungkinan terdapat dalam populasi ≥ 107 organisme/ml. Ambang
batas kultur positif untuk mendefinisikan pneumonia adalah 104 cfu/ml untuk bronchoalveolar lavage (BAL) dan 105 cfu/ml untuk
endotracheal aspirate (EA). Terdapat 384 cocci gram-positif, dan 307 basil gram negatif. Penghitungan mikroorganisme pada
sekresi saluran pernapasan bawah menghasilkan organisme penyebab pada 691 (88%) dari 783 sampel. Kesimpulannya, sekresi
saluran pernapasan bawah dengan kultur kuantitatif dapat membantu diagnosis pneumonia bakterial.(FMI 2013;49:109-111)
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ABSTRACT

The usefulness of lower respiratory tract secretions culture in guiding microbiological diagnosis of pneumonia is controversial. Due
to the inevitable oropharyngeal bacterial contamination that occurs in the collection of all respiratory secretion samples,
quantitative culture techniques are always needed to differentiate oropharyngeal contaminants present at low concentration from
higher-concentration infecting organisms. A number of 783 patients from Dr. Soetomo hospital Surabaya on 2012 with  pneumonia
were studied. Before administering antibiotic therapy, lower respiratory tract secretion was collected and processed according to
standard protocols. Quantitation of sputum from patients with pneumonia revealed that probable pathogens were present in
population of ≥ 107 organisms/ml. The threshold for positive culture defining pneumonia was 104 cfu/ml for bronchoalveolar lavage
(BAL) and 105 cfu/ml  for endotracheal aspirate (EA). There were 384 gram-positive cocci, and 307 gram-negative bacilli.
Quantitation of microorganisms in lower respiratory tract secretion yielded a causative organism in 691 (88%) of the 783 samples.
In conclusion, lower respiratory tract secretions with quantitative culture can be helpful for the diagnosis of bacterial pneumonia.
(FMI 2013;49:109-111)
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INTRODUCTION

Pneumonia is an infection of the alveolar space, with
accumulation of inflammatory cells and secretions in
the alveoli, resulting in impaired gas exchange. Routine
qualitative microbial cultures of sputum are widely
utilized in medicine to determine the etiology of lower-
respiratory-tract infections. Examination of a badly
collected sputum specimen can give misleading results
because of contamination with the normal bacterial flora
present in the mouth and throat (American Thoracic
Society 1996, Monroe et al 1969). Invasive diagnostic
methods, including bronchoalveolar lavage (BAL),
could improve identification of patients with true
bacterial pneumonia and facilitate decisions whether or

not to treat. BAL permit collecting distal pulmonary
secretions with minimal or no upper-airway
contamination. Although providing a broader image of
lung content, BAL is subject to the same risk of
contamination (Canadian Critical Care Trials Group
2006).

Due to the inevitable oropharyngeal bacterial
contamination that occurs in the collection of all
respiratory secretion samples, quantitative culture
techniques are always needed to differentiate
oropharyngeal contaminants present at low
concentration from higher-concentration infecting
organisms (Porzecanski & Bowton 2006). In such cases,
quantitative microbial analyses of lower respiratory tract



Quantitation of Microorganisms in Lower Respiratory Tract Secretions (Manik R. Wahyunitisari, Kuntaman, Ni Made Mertaniasih)

110

secretions (sputum, endotracheal aspirate/EA and BAL)
would be helpful if they could provide better pathogen
recognition. Determinations of the numbers of
organisms present may be of considerable value in
deciding which of these is causing disease and which is
present as incidental colonization or recent contam-
ination during specimen collection (Monroe et al 1969)

The role of the bacteriologist is to distinguish between
the commensals and the pathogens. Pathogens are
present in lower-respiratory-tract inflammatory
secretions at concentrations of at least 105 to 106

CFU/ml, whereas contaminants are generally present at
less than 104 CFU/ml (Chastre et al 2005). The
diagnostic thresholds proposed for BAL is based on this
concept. Since BAL collects 1 ml of secretions in 10–
100 ml of effluent, the presence of greater than 104

bacteria in the originally diluted sample (1 mL) actually
represents 105 to 106 CFU/ml of pulmonary secretions
(Chastre et al 2005). Quantitation of organisms in
sputum presents more problems than in urine
specimens, because the former normally contains many
bacteria which, of necessity, will be enumerated and
because the sputum and other lower respiratory tract
secretions contains several substances, such as mucus,
which must be liquefied before thorough mixing can be
achieved (Monroe et al 1969).

MATERIALS AND METHODS

Liquefaction, dilution and cultivation of sputum

A 2% solution of N-acetyl-L-cysteine (NALC) was
prepared by dissolving 1 g of  NALC in 43.5 ml of
sterile, phosphate-buffered 0.85% NaCl and adding to
this solution 6.5 ml of 1 N NaOH (final pH 7.2). The
buffered NALC solution was stable for 3 to 4 days at
4oC. Purulent sputum is defined as secretions from the
lungs, bronchi, or trachea that contain  25 neutrophils
and 10 squamous epithelial cells/LPF. Sputum
specimens were either processed immediately or
refrigerated at 4oC for no longer than 1 hr. Equal
volumes of the 2% NALC solution & sputum were
transferred to sterile screw-cap tubes containing four to
six, 5 mm, washed glass beads & vortex for 1 to 3 min.
Sterile, phosphate-buffered 0.85% NaCl was used as a
diluent for preparing dilution of 10-1, 10-3, 10-5, and 10-7

for the liquefied sputum (Monroe et al 1969).

The surface of the plates was inoculated by using a
calibrated platinum loop with an inside diameter of 4 
0.3 mm, to deliver 0.01 ml. The 0.85% NaCl dilutions
were plated on the following media: EMB agar,
chocolate agar, and sheep blood-agar. The bacteria
which were recovered were identified by standard

methods. The number of viable microorganisms per
mililiter of sputum was estimated by multiplying the
number of colonies grown from a given tube in a
dilution series by the dilution factor of that tube and by
the additional dilution resulting from the use of the 0.01
ml calibrated loop. Whenever possible, the calculations
were performed on a dilution that yielded from 30 to
100 colonies per plate. Quantitation of sputum from
patients with pneumonia prior to antimicrobial therapy
revealed that probable pathogens were present in
population of 107organisms/ml or greater (Monroe et al
1969).

Microbiologic processing of EA and BAL

EA and BAL samples were mechanically liquefied and
homogenized by vortexing for 1 min with glass beads,
followed by centrifuging at 3,000 rpm for 10 min. All
two types of specimens were serially diluted in 0.9%
sterile saline solution. The specimens were then plated
into the following agar media: 5% sheep blood,
chocolate, and McConkey agar. All cultures were
incubated at 37°C under aerobic conditions. Plates were
evaluated for growth at 24 and 48 hours and discarded
after five days. The number of bacteria in the original
sample was expressed in colony-forming units (cfu) per
milliliter. All micro-organisms were identified using
standard laboratory methods. The threshold for positive
culture defining pneumonia was 104 cfu/ml for BAL.
The cutoff points analyzed to establish a positive result
for EA were 105 cfu/ml (Wu et al 2002).

RESULTS

In the study, 783 patients (71% males : 29% females)
had pneumonia. The mean age was 54 years (range 18
to 80 years).

Table 1. Results of quantitative bacterial cultures of
lower respiratory tract secretions

Morphology Pathogen Σ
Gram positive Staphylococcus aureus 111

Staphylococcus coagulase negative 261
Streptococcus spp. 12

Gram negative Acinetobacter baumannii 49
Burkholderia cepacia 132
Enterobacter aerogenes 12
Escherichia coli 12
Klebsiella oxytoca 18
Klebsiella pneumoniae 55
Pseudomonas aeruginosa 19
Serratia spp. 10

Under
threshold for
positive culture

92

Total 783

Table 2. Pathogen classification
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No Classification Σ
1 Definite pathogen 166 (24%)
2 Probable pathogen 470 (68%)
3 Possible pathogen 55 (8%)

Total 691 (100%)

DISCUSSION

Pneumonia case is defined by the radiological and
clinical findings based on the CDC definition. Patients
are enrolled based on the clinical symptoms/signs and
radiologic findings as in eligibility criteria.  All enrolled
patients are evaluated with regard to microbiologic,
clinical and radiologic findings. According to the results
of microbiological evaluation performed before
initiation of antibiotics, the pathogens were classified as
follows: A. Definite pathogen: bacterial isolates from
blood culture matching the result from culture of the
lower respiratory tract specimens, B.  Probable
pathogen: bacterial isolates from the culture of blind
bronchial/tracheal aspirates with  105 CFU/ml in a
quantitative culture or bacterial isolates from the culture
of bronchoscopic BAL with  104 CFU/ml in a
quantitative culture or bacterial isolates from the culture
of PSB specimens with  103 CFU/ml in a quantitative
culture  or bacterial isolates from blood cultures that do
not match with culture results of respiratory tract
specimens, but if no other primary sources of
bacteremia were identified, C. Possible pathogen:
bacterial isolates from the culture of lower respiratory
tract specimens meeting the criteria for adequate sputum
specimen (WBC  25/LPF and epithelial cell < 10/LPF)
(Chastre et al 2005).

CONCLUSION

In conclusion, in the absence of gold standard criteria
for the diagnosis of pneumoniae, the diagnostic test of
choice is quantitative culture of lower respiratory tract
secretions. This approach provides the most accurate
diagnosis of pneumonia and identification of the
causative microorganism(s).
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