
Table 1:  Gram stain, Culture, & PNA FISH Results from 15 BAL Samples 

Five smear-positive BAL containing P. aeruginosa were tested; all five 

were identified.   All smear-positive BAL with S. pneumoniae, C. albicans, 

E. coli, and Acinetobacter sp. were correctly identified.  S. aureus and 

S. marcescens also produced signal with recognizable morphologies 

using a universal bacteria probe

Table 2:  Summary of Clinical Data

a Universal Bacteria probe was used on a BAL with low-level GPC in clusters and pairs and chains, difficult to distinguish between the 

two on the PNA FISH slide, all fluoresced same color 
b <100 CFU/ml, below the detection limit of GS and PNA FISH 

Species Identified by PNA FISH

S. aureus 1-2a/2

S. pneumoniae 3/3

P. aeruginosa 5/5

E. coli 1/1

C. albicans 1/1

C. glabrata 0b/1

S. marcescens 1/1

Acinetobacter sp. 1/1

Sample ID Gram Stain Result PNA FISH Test PNA FISH Result Culture Result

AZ1
GPC CL

Universal Bacteria
S. aureus

GPC PR CH cocci pr ch S. pneumoniae

AZ2
GPC CL

Universal Bacteria
cocci cl & S. aureus

GPC PR CH cocci pr ch S. pneumoniae

AZ3
GNR E.coli/P. aeruginosa P. aeruginosa P. aeruginosa

GPC CH Enterococcus sp.

IN34

GNR E. coli/P.aeruginosa
E. coli & E. coli

P. aeruginosa P. aeruginosa

GPC CH α-hemolytic Streptococcus

GNCB H. influenzae

AZ4 GNR E. coli/P.aeruginosa P. aeruginosa P. aeruginosa

IN35
GPC CL

Universal Bacteria
cocci cl & Coagulase-Negative Staph

GPC CH cocci ch α-hemolytic Streptococcus

IN36 Negative N/A N/A
Coagulase-Negative Staph

γ-hemolytic Streptococcus

AZ5 Negative N/A N/A
P. aeruginosa

Respiratory Flora

IN41

Yeast
C. albicans/

C. glabrata

C. albicans C. albicans

C. glabrata

GPC CL
Coagulase-Negative Staph

Enterococcus sp.

IN43 GNR Universal Bacteria rods S. marcescens

IN44
GNR

Acinetobacter sp./

P. aeruginosa

Acinetobacter sp. & Acinetobacter sp.

P. aeruginosa P. aeruginosa

Coagulase-Negative Staph

IN45 Negative N/A N/A C. albicans

IN46 GPC PR CH S. pneumoniae S. pneumoniae S. pneumoniae

IN47 Negative N/A N/A S. aureus

IN48 GNR E. coli/P.aeruginosa P. aeruginosa P. aeruginosa

(figure 2 top).  If bacteria or yeast were

seen on the Gram stain, a smear-positive

BAL, then the PNA FISH kit appropriate 

for that Gram stain was chosen.  Some 

samples were assayed with a universal 

bacterial probe in lieu of a species specific

kit.   PNA FISH assay was done on the 

second slide using a modified, faster 

version of the standard PNA FISH protocol

(figure 1).  PNA probes were labeled with

carboxyfluorescein and/or 

tetramethylrhodamine.  The slides were examined on a fluorescent 

microscope using a FITC/Texas Red dual-band filter (figure 2 bottom). 

Figure 1: PNA FISH Procedure

Results

Figure 2: Gram stain 1000X oil (top), PNA FISH 600X oil (bottom)

Abstract

Conclusion

Introduction

Bibliography

Background:  Gram stain and culture of bronchoalveolar lavage (BAL) are used to diagnose 

infectious pneumonia.  BAL is an invasive procedure and is typically reserved for cases that are 

severe or refractory to empiric therapy.  Knowing the species identification as soon as possible 

is imperative for effective treatment.  If Gram stain positive BAL could be probed using peptide 

nucleic acid fluorescent in situ hybridization (PNA FISH), the identification would be available 

during the shift in which the sample was collected rather than waiting 24 to 48 hours or longer.

Methods:  Left-over clinical samples that had been submitted for microbiological evaluation 

were used for this study.  The samples were refrigerated within a few hours of collection and 

remained refrigerated prior to evaluation.  No preservatives or transport media was used.  

Upon receipt of samples, two slides were prepared using one drop of sample per slide and heat 

fixation.  Gram stain was performed on the first slide.  After the Gram stain was evaluated and 

deemed positive, the appropriate PNA FISH kit was chosen and assayed on the second slide 

according to a modified protocol.  Results were compared to in-house and clinical cultures.

Results:  Fifteen samples were evaluated.  On culture, 13 were positive for a total of 21 

potentially pathogenic organisms comprising 11 species; 2 grew normal respiratory flora only.  

Sixteen of the 21 potential pathogens were detected by Gram stain.  Fourteen of the 16 

pathogens detected by Gram stain were evaluated with specific PNA FISH assays, of which 13 

were detected and identified.

Conclusions:  This study indicates that PNA FISH can be used in conjunction with positive 

BAL Gram stains to speciate potential pathogens within hours of sample collection.  This 

identification could then be used by clinicians to more efficiently and effectively manage 

patients with suspected infectious pneumonia.

It is generally agreed that there is a need for improved testing beyond 

traditional Gram stain and culture of respiratory specimen(1).  Patients 

that receive appropriate antibiotic therapy sooner have better treatment 

outcomes and potentially shorter treatment durations (2).  Currently, PNA 

FISH is being used successfully in conjunction with Gram stain to 

speciate bacteria and yeast within two hours of a blood culture becoming 

positive.  If PNA FISH could be used to speciate bacteria and yeast in 

smear-positive BAL as well, it could potentially provide the physicians with 

reliable identifications before or shortly after therapy has been initiated. 1. Mandell AL, Wunderink RG, Anzueto A, et al.  Infectious Diseases Society of 

America/American Thoracic Society Consensus Guidelines on the Management of 

Community-Acquired Pneumonia in Adults.  Clin Infect Dis 2007; 44 (Suppl 2): S27-72.

2. American Thoracic Society/Infectious Diseases Society of America.  Guidelines for the 

Management of Adults with Hospital-Acquired, Ventilator-Associated, and Healthcare-

Associated Pneumonia.  Am J Respir Crit Care Med 2005; 171: 388-416.

The purpose of this study was to determine whether PNA FISH could be 

used on smear-positive BAL to speciate bacteria and yeast.  The results 

indicate this initial study has been a success.  This test can be completed 

in 35 minutes with 5 minutes of hands on time.  It is accurate and capable 

of giving the physician valuable information early in the decision making 

process  of treating pneumonia.  When a patient has had a BAL to 

diagnose infectious pneumonia, it is often because they are critically ill or 

have the potential to become critically ill(1,2).  PNA FISH on smear-

positive BAL could help direct the physician toward a more effective and 

targeted therapy.
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Add one drop of BAL 

to the slide and heat 

fix for 5 min. at 55°C

Add PNA probe and a 

coverslip

Hybridize for 30 min. 

at 55°C

Examine results

Materials and Methods

Left-over clinical BAL samples that had been submitted for microbiological 

evaluation at Wishard Memorial Hospital and University Medical Center 

were used for this study. BAL samples were 2-8 (avg. 4.8) days old when 

received for PNA FISH testing.  Samples were well mixed prior to testing.  

Two slides were prepared.  Gram stain was performed on the first slide
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