
ABSTRACT 

The ideal diagnostic system for influenza would provide high-complexity testing, including typing of the hemagglutinin and detection of neuraminidase point mutations, with 
minimal need for specialized facilities. We describe an integrated PCR platform developed by ITI (Idaho Technology Inc.) called “FilmArray” that takes a nasal sample through 
nucleic acid purification, reverse transcription and high-order nested multiplex PCR in a fully automated manner in 55 minutes. All steps are performed in a single disposable 
pouch, converting nested PCR from an open to a closed procedure.

Nested PCR assays for a panel of 22 respiratory pathogens (including Influenza A [pan-MA, H1, H3, H5]) were optimized for the FilmArray. The multiplex reverse transcription and 
first PCR use 77 primers. The second-stage PCR occurs in an array of 120 one-microliter wells, containing specific primers for each virus.  A fluorescent double-stranded DNA-
binding dye allows the real-time detection of multiple gene targets for these pathogens.

387 pediatric nasopharyngeal aspirate samples have been used to validate the FilmArray system. Except for avian H5 we have identified all target organisms in patient samples, 
with excellent correlation to direct fluorescent antibody (DFA) testing for 8 viruses. A decrease in the number of pathogen-negative samples was seen with our panel compared to 
DFA. When synthetic RNAs molecules corresponding to the MA gene and to avian H5 are injected into the FilmArray pouch, they are detected by PCR and correct DNA melt with 
a limit of detection below 500 molecules. No false positive detections of H5 were seen with clinical samples.

The FilmArray is a sensitive and specific platform with the ability for high-level multiplex testing critical to influenza surveillance in the era of pandemic flu. With funding from the 
NIH/NIAID we are developing a pouch to further subtype influenza strains H2, H7, H9, N3 N7 and N9 as well as to detect mutations leading to antiviral resistance.
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MOLECULAR DETECTION OF RESPIRATORY PATHOGENS

ITI has developed a lab-in-a-pouch system, the “FilmArray” (Figures 
1 and 3), 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.

Principle of Nested Multiplex PCR (nmPCR)
FilmArray uses nested multiplex PCR (nmPCR) (Figure 2) 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. 

The FilmArray Test System 
A FilmArray test is simple to setup and results are available in one 
hour (Table 1).

The FilmArray pouch has a fitment (Figure 3, 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)1. 
Magnetic-bead based nucleic acid purification (D & E)2. 
Reverse transcription (RT) to detect RNA viruses (F & G)3. 
First-stage multiplex PCR (F & G)4. 
Array of 120, second-stage nested PCRs (I).5. 

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 5A). Post-PCR product identity is confirmed by high-
resolution melt profiling (Figures 5B and 8B).

Table 2:  FilmArray Respiratory Panel Target Pathogens

Organism Target
First-
Stage 

Primers

Second-
Stage 
Wells

Complex, Multiprimer Targets

Adenovirus Hexon 5 4x2
hRV 5'UTR 5 4x2
FluA H1 HA 4 4x2
FluA N1 NA 2 3
FluA N2 NA 2 3
FluA pan Matrix 2 3

Less Diverse Targets

Bocavirus NP101 2 2

NS102 2 2

B. pertussis Toxin 2 2

CoV 229E Pol 2 2

N 2 2

CoV HKU1 N 2 3

CoV NL63 N 2 2

Pol 2 2

CoV OC43 N 2 2

Pol 2 2

C. pneumoniae gyrB 2 3

FluA H3 HA 2 3

FluB HA 2 3

M. pneumoniae gyrB 2 3

Legionella sp. 16S 2 2

hMPV N 3 3

Pol 3 3

PIV1 HN 2 3

PIV2 FG 2 3

PIV3 FG 2 3

PIV4 FG 2 3

FG 2 3

RSV* Matrix 2 3

Process Controls

First-stage PCR Synthetic 1 2 2

First-stage PCR Synthetic 2 0 2

Dilution Synthetic 2 0 2

DNA extraction S. pombe gDNA 2 2

RNA extraction S. pombe mRNA 2 2

Total Primer number 60 79

RESULTS
Testing Clinical Samples on the FilmArray Instrument
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 6 compares the distribution of pathogens detected by direct fluorescent antibody (DFA) testing 
at PCMC (Adenovirus, hMPV, PIV 1, 2, 3, Flu A, Flu B, and RSV) to those detected by the FilmArray 
RP in 387 pediatric samples.  Significant results include:

More organisms were detected by the FilmArray RP than by DFA1. 

The FilmArray RP has significantly fewer negative test results (18%) than DFA (53%).2. 

The distribution of pathogens includes a few major contributors (Influenza A, hRV, RSV and 3. 
Adenovirus) as well as a long tail of lower prevalence pathogens (PIV1, PIV2, CoV OC43, CoV 
229E, etc) 

In addition, the larger number of viruses and bacteria that can be tested for in the FilmArray RP pouch 
has also resulted in the observation of more multiply infected samples (Figure 7), with 32% of samples 
having two or more pathogens identified.  Of the 28 samples positive for Influenza A, 54% had at least 
one addition pathogen identified.  For Influenza B the numbers were 16 and 50% respectively.

FilmArray results are 72% concordant with the DFA results (if all organisms detected by DFA must 
match to show concordance). The concordance rises to 80% if at least one DFA result matches a 
FilmArray result for a given sample.

Influenza in the FilmArray
Seasonal Influenza
The current FilmArray Respiratory Pathogen (RP) Panel contains assays that detect and distinguish 
20 different viral and bacterial pathogens, including Influenza A and Influenza B (Table 2).  In addition, 
the RP panel provides subtyping information for the common seasonal Influenza A strains.
 
Pandemic Influenza
The FilmArray platform is being further developed through NIH-funding to include an influenza-specific 
pouch with assays to detect both seasonal and pandemic influenza strains. To design primers for 
pandemic influenza strains, sequences for HA, NA, MA and NS genes identified in human infections 
were aligned. Avian sequences were used for a given gene if the human sequence was unavailable. 
Targets currently under development for the influenza-specific pouch are shown in Table 3.

Detection of Pandemic Influenza Targets Using Synthetic RNA Transcripts
As an initial estimate of the sensitivity of the FilmArray system for viral RNA targets we generated 
synthetic RNA molecules corresponding to the targets in the influenza MA, NS and H5 genes (all 
sequences derived from an H5N1 influenza strain). 500 molecules of each of these targets were 
pooled along with lysis buffer and a pediatric NPA sample (to provide carrier nucleic acid) and this was 
analyzed in a FilmArray pouch (Figure 8).  Although these targets amplify near the end of the second 
stage PCR they are all detected, suggesting that the FilmArray system has high sensitivity despite the 
depth of the multiplex.

Figure 1: The FilmArray Instrument

The FilmArray pouch is being inserted into the instrument.  
Weight: 15 pounds, Size: 9” W x 15” L by 6” H.

Figure 2: 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 ampli-
fied in only one of the second reactions.

Table 1.  Steps in Running a FilmArray pouch

Steps Time

Mix sample with lysis buffer1. 

Inject mix and water into pouch2. 

Read pouch and sample bar-3. 
codes

Load pouch, press start4. 

5 min.

Instrument run-time 55 min.

Total time 60 min.

Figure 3: The FilmArray Pouch
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Figure 4.  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 5. 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.  As-
says for avian H5 and N1 show no amplification.

CONCLUSION
The FilmArray is a sensitive and specific platform with the ability for high-level multiplex testing critical to influenza surveillance in the era of pandemic flu. • 
The high-level multiplex capabilities of the FilmArray allow for an expanded testing panel leading to fewer negative results• 
With funding from the NIH/NIAID we are developing a pouch to further subtype influenza and include potential pandemic strains such as H2, H7, H9, N3 N7 and N9 • 
The high-resolution melting capabilities of the FilmArray platform may allow us to detect point-mutations leading to antiviral resistance • 

FilmArray + Network Software = Real Time Respiratory “Weather Maps”
There is recent and growing medical literature on the idea of “syndromic surveillance”. Tracking outbreaks of disease symptoms via the internet will speed up the detection of novel 
pathogens, natural or man-made. It is hypothesized that syndromic surveillance will precede diagnosis by a few critical days and will allow for an earlier signal of pandemics.
FilmArray RP has the potential to truly be a point-of-care diagnostic – usable in schools, walk-in clinics and nursing homes. ITI has been developing software that will make the FilmAr-
ray “network aware”. The goal is to have the locally generated (de-identified) FilmArray RP results reported back to a central database in real time. As the number of instrument place-
ments grows, epidemiologists will be able to observe respiratory pathogen flow through a community, a state or the nation, in real time. Syndromic surveillance will turn into “diagnostic 
surveillance”. 

New Pandemics as an “Outbreak of FilmArray Negatives”
The lower “negative” rate and the long tail of low frequency infections detected by the FilmArray RP system (Figures 6 and 7) has important implications for the early detection of pan-
demics using a deep multiplex platform.

An emerging pathogen may signal its appearance by a sudden spike in FilmArray RP negative results from symptomatic patients. With an overall negative rate below 20% it should 
be possible to observe an unusual increase that is temporally or spatially concentrated. This concept applies even within a single virus type such as Flu A. An outbreak of Flu A detec-
tion events that are positive for the pan Flu A target (using a nested assay for the highly conserved Matrix gene) but negative for H1 or H3 subtypes suggest the emergence of either a 
novel H1 or H3 sequence variant or a switch to a different HA subtype.

A highly pathogenic variant of one of the low prevalence viruses will be evident by a new correlation between FilmArray RP detection of that virus and severe illness. Finally, for some 
viruses (Adenovirus, Flu A and hRV) the FilmArray RP pouch has multiple outer and inner primer sets that collectively capture the phylogenetic diversity of these organisms (Table 2). 
In this case the combination of Cps and melting profiles for each assay in the array becomes a fingerprint for the particular virus.

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 7.  Number of Pathogens Detected per sample:  
 DFA vs FilmArray RP
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NPA samples (Figure 2) were tested by DFA (blue) and by FilmArray (maroon).  The percent-
age of samples in which 0 (negative), 1 or more, 2 or more, 3 or more, or 4 or more pathogens 
is indicated.

Figure 8: 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 buffer 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.

Figure 6.  Distribution of Viruses and Bacteria Detected among 387 Pediatric NPAs
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Pediatric NPA samples were tested by DFA (blue) and by FilmArray (maroon). Results are expressed as the percent of the 387 
samples testing positive for a given pathogen.  (PIV4 and WU assays were added later so the true number of PIV4 and WU is  
under-represented)

Table 3: Influenza assays for a Flu specific pouch

Organism Gene Subtype Targets

FluB
Fusion Pan 1

Matrix Pan 1

FluA

Hemagglutinin

H1 1

H2 1

H3 1

H5 2

H7 2

H9 1

Neuraminidase

N1 1 (H5 specific)

N2 1

N3 1

N7 1

N9 1

NS Pan 1

Matrix Pan 1

Red FluA MA
Blue    FluA NS
Green H5 Target 1
Orange H5 Target 2

Purple  DNA
Green PCR1
Orange PCR2
Red Alu
Blue Dilution
Light Blue RNA

Red  FluA MA
Blue    FluA NS
Green H5 Target 1
Orange H5 Target 2


