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MOLECULAR DETECTION OF RESPIRATORY PATHOGENS

Figure 1. The FilmArray Instrument Figure 2. FilmArray in use at PCMC microbiology laboratory, Salt Lake City, UT

Figure 5.  FilmArray RP Software Display at the end of a Run

Results screen from a FilmArray RP run.  Controls passed and positive results are shown.  For most users real-time PCR curves are not displayed. Advanced operators can 
view detailed information such the amplification and melting curves (Figure 5).

Figure 6. FilmArray RP analysis of an NPA sample Detected BOCAvirus and Influenza A
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The resulting real time amplification curves are shown (left panel) along with the corresponding amplicon melting curves (right panel). All assays are spotted in triplicate in the 
array. DFA was positive for Influenza A; BOCAvirus is not part of the DFA panel. Influenza A is identified by the matrix gene, and is subtyped as H3N2 by the hemagglutinin 
and neuraminidase assays.  Assays for avian H5 and N1 show no amplification.

  Table 1.  Running a FilmArray pouch
  Steps Time

Mix sample with lysis buffer1. 

Inject mix and water into pouch2. 

Read pouch and sample barcodes3. 

Load pouch, press start4. 

5 min.

  Instrument run-time 55 min.

  Total time 60 min.

ABSTRACT 

Introduction: We have previously described the FilmArray platform (previous posters at FilmArray.com) for performing nested multiplex PCR (nmPCR) in a fully automated, 
closed system and its application to the detection of respiratory pathogens.  In the past year we have focused on preparing the system for analytical and clinical studies; the latter 
to start in November 2009.  This has included surveys and consultations to determine the ideal panel of target organisms for the Respiratory Pathogen pouch. Given the effort 
that goes into clinical studies of a diagnostic platform and the hurdles to future changes, it is important to choose this panel carefully.

Methods: In order to design a respiratory panel that meets the needs and expectations of the clinical laboratory market we conducted a web survey of clinical lab directors and 
physicians regarding which respiratory pathogens they would like to see included in the panel.  In addition we conducted in depth interviews with several survey respondents and 
consulted with clinical laboratory experts and infectious disease physicians.   

Results: Although there was consensus on a core set of organisms there were marked differences on the relevance of some newly recognized viruses and on the importance of 
several bacteria.  There was limited interest in BOCA virus and the four non-SARS coronaviruses; we chose to include them in our panel as they are considered emerging viruses 
whose clinical relevance is likely important but not yet fully understood.  There was significant interest in several bacteria, including H. influenza and S. pneumoniae which are 
common causes of bacterial pneumonia; we did not include them as they are known to colonize the nasopharynx of healthy individuals.  We did not include B. parapertussis, 
M. tuberculosis, and Legionella species due to regulatory or assay development considerations.  The final FilmArray Respiratory Pathogen Panel has assays for: Adenovirus, 
Bocavirus, Coronavirus (229E, HKU1, OC43, NL63), Influenza A (pan MA, pan NS, H1, H3), Influenza B, Metapneumovirus, Parainfluenza (1, 2, 3, 4), RSV, Rhinovirus, B. 
pertussis, C. pneumoniae, L. pneumophila, M. pneumoniae.  
 The survey also asked how practitioners currently diagnose respiratory infection.  Based on our data some two thirds of respiratory infections in the US are diagnosed based 
on observation. Physicians cited the following top three reasons for the lack of addition testing: 1) “It takes too long to get results”,  2) “Current tests do not detect all relevant 
respiratory pathogens”,  3) “Most respiratory infections are viral and can’t be treated anyway”.

Conclusions: With a one hour time to result and a full panel of respiratory pathogen tests, the FilmArray addresses two of the main concerns of clinicians.  Use of the FilmArray 
and similar comprehensive platforms will begin to define the complete spectrum of pathogens present in respiratory illness and their clinical significance.  In the long run this data 
will drive the development of the vaccines and antiviral medications that improve patient outcomes.

ITI has developed a lab-in-a-pouch system, the “FilmArray” (Figures 1 and 4), a medium-scale fluid manipulation system performed in a self-contained, disposable, thin-film 
plastic pouch. The FilmArray system processes a single sample, from nasopharyngeal aspirate (NPA) to result, in a fully automated fashion. These characteristics make it ideal 
for multiplex testing of pathogens, including complex influenza diagnostics, using standard sample types and low complexity laboratory facilities. 

FilmArray uses nested multiplex PCR (nmPCR) (Figure 3) a 2-stage PCR procedure.  As implemented in the closed FilmArray pouch, nmPCR is low-risk, simple to perform and 
robust.  In the current design, up to 120 second-stage PCRs can be performed. 

A FilmArray test is simple to setup and results are available in one hour (Table 1). The instrument weighs 15 pounds and the size is 9” W x 15” L by 6” H. The FilmArray pouch 
has a fitment (Figure 4, see label A) containing all needed freeze-dried reagents. The FilmArray instrument depresses plungers (B) in the fitment to move reagents through 
channels and into blisters in the pouch (C – H). The film portion of the pouch has stations for: Cell lysis (Blister C), Magnetic-bead based nucleic acid purification (D & E), 
Reverse transcription (RT) to detect RNA viruses (F & G), First-stage multiplex PCR (F & G), Array of 120, second-stage nested PCRs (I).

PCR primers are dried into the wells of the array and each primer set amplifies a unique product of the first-stage multiplex PCR. A fluorescent-double-stranded DNA binding 
dye, LCGreen Plus, developed by ITI, is used to detect amplification. A CCD camera collects and software processes fluorescent images to generate real time PCR amplification 
curves for each individual PCR reaction (Figure 6 left and Figure 7 left). Post-PCR product identity is confirmed by high-resolution melt profiling (Figures 6 right and 7 right).

In collaboration with the University of Utah Department of Pediatrics, Division of Pediatric Infectious Diseases and Primary Children’s Medical Center (PCMC), Salt Lake City, 
UT we have tested several hundred pediatric NPA samples on the FilmArray platform.  Samples were tested both at ITI and by an on site instrument in PCMC’s microbiology 
laboratory (winter 2008) (Figure 2).

Figure 7. FilmArray amplification of 500 RNA transcripts

Four different RNA transcripts (500 molecules of each) corresponding to the assay target regions of the influenza A genes: MA, NS and H5 (two targets) were mixed with lysis buf-
fer and a pediatric NPA sample and injected into a FilmArray RP pouch.  The resulting real time amplification curves are shown (left panel) along with the corresponding amplicon 
melting curves (right panel).  The amplification curves for the controls included in the pouch are shown; for clarity their corresponding melt curves are not displayed.
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CONCLUSION
The “long tail” of candidates for an upper respiratory pathogen panel includes a) newly discovered organisms 
of unknown significance; b) less frequently observed organisms which are difficult to test in clinical trials 
and c) colonizers which may not be clinically significant.   Until there has been extensive experience with 
comprehensive platforms there will be debate as to the best set of organisms for this kind of panel.  The 
respiratory pathogen panel described here represents a compromise between completeness, clinical utility and 
the practicalities of clinical trials. 

This work was funded in part by grants from the NIH/NIAID to Idaho Technology (U01 AI061611, PI Poritz and U01 AI074419, PI Dobrowolski)

Figure 3. Schematic of Nested Multiplex PCR
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A large volume multiplex PCR (shown here as 4-plex on the left side of figure) is run 
for a limited number of cycles (20).  The reaction is diluted and distributed to individual 
small real time PCR reactions that contain primers (green) nested inside the primers 
(blue) of the first PCR reaction.  A template amplified in the first reaction (by the #3 
primers) is further amplified in only one of the second reactions.

Figure 4. The FilmArray Pouch
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Two surveys performed using Surveymonkey.com:

Lab directors, pathologists and PASCV attendees:  
4,240 surveys sent out, 105 responses received. 

Pediatricians and infectious disease physicians:  
6,000 surveys sent out, 112 responses received

*Note on Final panel
In the final panel we replaced Legionella pneumophila  with Streptococcus pneumoniae. L. pneumophila was removed because it is considered a lower respiratory pathogen 
best detected in a BAL sample.  For S. pneumoniae there was enough interest on the part of some clinicians that we decided to keep it in the panel at least for the course of the 
clinical trials.

Primary Survey Question:

In our new diagnostic system for respiratory pathogens, 
testing will be performed simultaneously on both bacterial 
and viral targets present in either nasopharyngeal aspirate or 
swab samples. 

There are several respiratory pathogens that we are 
considering including in our panel. We understand that 
there are several reasons that may impact the inclusion or 
exclusion of any particular pathogen. Some of these reasons 
may include public health reporting issues, clinical relevance, 
information overload, and reimbursement issues. 

Please indicate whether you agree or disagree with the 
inclusion of the following respiratory pathogens in the panel...

Final panel of Respiratory Pathogens 
Adenovirus 
Bocavirus 
Coronavirus 229E 
Coronavirus HKU1 
Coronavirus OC43 
Coronavirus NL63 
Influenza A pan, H1, H3
Influenza B
Metapneumovirus 
Parainfluenza 1 
Parainfluenza 2 
Parainfluenza 3 
Parainfluenza 4 
Respiratory Syncytial Virus  
Rhinovirus
Bordetella pertussis 
Chlamydophila pneumoniae 
Mycoplasma pneumoniae 
Streptococcus pneumoniae*
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SURVEY RESULTS


