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Abstract

The FilmArray respiratory virus panel detects 15
viral agents in respiratory specimens using polymerase
chain reaction. We performed FilmArray respiratory
viral testing in a core laboratory at a regional
children’s hospital that provides service 24 hours a day,
7 days a week. The average and median turnaround
time were 1.6 and 1.4 hours, respectively, in contrast
to 7 and 6.5 hours documented I year previously at an
on-site reference laboratory using a direct fluorescence
assay (DFA) that detected 8 viral agents. During the
study period, rhinovirus was detected in 20% and
coronavirus in 6% of samples using FilmArray, these
viruses would not have been detected with DFA. We
followed 97 patients with influenza A or influenza B
who received care at the emergency department (ED).
Overall, 79 patients (81%) were given oseltamivir in
a timely manner defined as receiving the drug in the
ED, a prescription in the ED, or a prescription within
3 hours of ED discharge. Our results demonstrate that
molecular technology can be successfully deployed in
a nonspecialty, high-volume, multidisciplinary core
laboratory.
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Acute respiratory infection is a leading cause of outpa-
tient visits and hospitalization in young children, especially
in winter and spring.! Most of the acute respiratory infec-
tions are caused by viral agents, with primary or second-
ary bacterial infections occurring less frequently. Without
definitive diagnosis, patients with viral infection are more
likely to receive unnecessary antibacterial agents.> There-
fore, laboratory tests providing accurate, timely determina-
tion of the infectious agents associated with viral respiratory
disease are important. A broad array of tests is available
to detect viral respiratory agents. Rapid antigen tests are
available for individual respiratory viruses such as influ-
enza A, influenza B, and respiratory syncytial virus (RSV).
However, these tests have low sensitivity and specificity.3-¢
Several molecular tests have been developed to detect viral
RNA or DNA using the polymerase chain reaction (PCR)
method.”? These tests show high sensitivity and specificity,
but most of these molecular tests are technically challenging
and time consuming and require experienced, specialized
medical technologists. They are usually performed in large
medical centers in highly specialized molecular or virology
laboratories with limited hours of operation.

FilmArray (Idaho Technologies, Salt Lake City, UT) is
a small desktop closed single-piece flow real-time PCR sys-
tem. This end-to-end molecular system includes automation
of nucleic acid extraction, an initial reverse transcription
and multiplex PCR, followed by singleplex second-stage
PCR reactions for detection of specific viral agents in a
single-use cartridge. The respiratory virus panel performed
on FilmArray is able to detect 15 viral agents from respi-
ratory specimens.!? The test requires 5 minutes hands-on
time and 65 minutes of instrumentation time. Comparison
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studies between FilmArray and other molecular tests for
respiratory viral agents showed comparable results.!!-!3
As part of our preimplementation planning, we surveyed
10 other clinical laboratories in the United States. Only 1
laboratory performed the test in the general laboratory, with
the rest performing the test in the microbiology, virology, or
molecular laboratories. We reasoned that a general medical
technologist with proper training would be able to perform
the test.

To provide 24 hours per day, 7 days per week (24/7)
service to our emergency department (ED) and urgent care
center, we decided to perform the test in the core labora-
tory. Our core laboratory is a rapid response facility staffed
by approximately 35 full-time equivalent (FTE) employees
providing analysis encompassing automated chemistry,
hematology, coagulation, urinalysis, blood gas analysis, and
selected therapeutic drug monitoring. In addition, individual
manual tests such as pregnancy tests, cardiac markers, drug
abuse screening, sickle cell screening, occult blood, and het-
erophil antibodies are also performed in the core laboratory.
We do not currently have a 24/7 microbiology laboratory,
and during the night shift the core technologists perform
culture setup and Gram staining. Our core specimen process-
ing and testing are designed based on lean, single-piece flow
principles without batching.!® Because the core laboratory
was already involved in such work flow, the institution of
FilmArray should be relatively simple.

In this study we describe the implementation of FilmAr-
ray in the core laboratory to provide rapid 24/7 service for
respiratory virus diagnosis.

Materials and Methods

Patients and Samples

Pediatric patients up to 21 years of age who were cared
for in our hospital or urgent care clinics and who underwent
respiratory viral PCR testing between December 14, 2011,
and April 19, 2012, were included in the study. For FilmAr-
ray assay, the midturbinate nasal swab was collected using a
nylon flocked swab (Copan Diagnostics, Murrieta, CA) that
was immediately placed in universal transport media (UTM)
(Copan Diagnostics). Nursing staff collected all samples and
were trained in the technique before the December initiation
of the FilmArray assay. Specimens in UTM were tested as
soon as they were received in the laboratory. Before the
institution of the FilmArray panel, direct fluorescence assay
(DFA) testing was used for respiratory specimens, with the
nasal wash the preferred specimen type. More than 95% of
the specimens submitted for DFA by the ED the previous
year were nasal washes.
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Virus Detection by FilmArray Technology

Viruses present in respiratory samples were tested using
the FilmArray respiratory panel, which detects 15 viral agents
including adenovirus, coronavirus HKU1, coronavirus NL63,
human metapneumovirus, rhinovirus/enterovirus, influenza
A, influenza A H1, influenza A H1 2009, influenza A H3,
influenza B, parainfluenza 1, 2, 3, 4, and RSV. Samples were
loaded into the testing cartridge under a ventilation hood.
After hydrating the pouch with 1.0 mL of hydration solution,
300 uL of respiratory sample was diluted in 0.5 mL of sample
buffer, of which 300 UL was injected into the sample pouch,
which was then loaded onto the instrument. After entering the
sample identification, the instrument was started and the result
was available in approximately 1 hour. The testing pouch
contains all the reagents for nucleic acid extraction, reverse
transcription, first-step multiplex PCR amplification, and
second-step real-time PCR amplification with single specific
primer pair. For each viral agent, the second-step PCR was
performed in triplicate. The software automatically analyzes
the melting curve of the second-step PCR to report the results
as positive or negative.

Laboratory Staff Training

This was the first molecular test implemented in the
core laboratory, so microbiology staff assisted in the initial
test validation and personnel training. Multiple continuing
education sessions were given to core laboratory staff on
all shifts regarding technical procedures as well as the prin-
ciples underlying the technology. All core staff competency
evaluations were fully completed before the test was made
available clinically.

Direct Fluorescence Assay

DFA was performed on nasal wash samples as described.!”
The procedure detected 8 viral agents including adenovirus,
RSV, human metapneumovirus, influenza A, influenza B,
and parainfluenza 1, 2, 3. However, it could not differentiate
among parainfluenza 1, 2, and 3.

Collection of Turnaround Time and Viral Epidemiology
Data

Turnaround time (TAT) data for FilmArray and DFA
were collected using the PathNet laboratory clinical informa-
tion system (Cerner, Kansas City, KS). The TAT was the
interval from when the sample was logged into the laboratory
information system (inside the laboratory) to when the result
was verified. The information on administration of antivi-
ral therapy was obtained from chart review in the clinical
information system. The positive results of viral agents were
tabulated daily.

The study was approved by the institutional review board
of Seattle Children’s Hospital, Seattle, WA.
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Results

Respiratory virus testing with FilmArray was initiated on
December 14, 2011. During the 4-month period ending April
19, 2012, a total of 2,537 specimens were tested. Seventy-one
percent of the samples were from the ED or urgent care. The
daily testing volume varied from 3 to 44 EFigure 1. The aver-
age daily volume for the first 2 months and second 2 months
were 15 and 25, respectively. Because the FilmArray instru-
ment is designed for single-specimen throughput and requires
65 minutes of instrument time, we purchased 3 instruments
that could run simultaneously 24 hours a day. The average
and median TAT was 1.6 and 1.4 hours, respectively, with
82% completed in less than 2 hours and 95% in less than 3
hours ITable 11. Before this molecular test was available, we
sent respiratory viral testing to an on-site reference laboratory
for DFA. DFA testing involved multiple handoff steps in our

laboratory and specimen transport to the reference labora-
tory. DFA specimens were run in batches 3 or 4 times per
day depending on the volume during respiratory virus season.
The testing time was approximately 3 hours. During the same
period 1 year previously, 1,399 DFAs for respiratory viruses
were performed. The average and median TAT for DFA was
7 and 6.5 hours, respectively, with 2% completed in less than
3 hours (Table 1). The test volume of respiratory virus during
the study period was almost doubled compared with the same
period last year. During the study period, the instrument failed
4 times. The rate of failed testing, which included quality
control failures, insufficient vacuum in the pouch, and pouch
leaking, was 1.3%. The TAT was significantly longer when
instruments or reagent pouches failed.

During the study period, 63% of all samples tested posi-
tive for viral agents. Rhinovirus/enterovirus and RSV were
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IFigure 10 Daily volume of FilmArray respiratory viral testing was tallied during the period from December 14, 2011, to

April 19, 2012.

(Table 10

Comparison of TAT for Respiratory Viral Testing Between FilmArray and DFA

TAT, h % of Samples Completed in
Method Collection Time Total Volume Mean Median <2h <3h
FilmArray 12/14/2011 - 4/19/2012 2,537 1.6 1.4 82 95
DFA 12/14/2010 - 4/19/2011 1,399 7 6.5 0 2

DFA, direct fluorescence assay; TAT, turnaround time.
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detected in 20% and 18% of total samples, respectively. The
other viral agents detected were influenza B (10%), human
metapneumovirus (7%), influenza A (6%-2% H12009, 4%
H3), coronavirus (HKU1 and NL63) (6%), adenovirus (2%),
and parainfluenza virus type 1-4 (2%). DFA does not detect
rhinovirus and coronavirus. Thus, in an additional 660 (26%)
of 2,537 specimens, FilmArray detected viruses that would
not have been detected with DFA.

Current guidelines for treating patients with influenza
A or B infection with oseltamivir indicate that the medication
should be given within 48 hours of symptom onset to
be most effective. In general, children with respiratory
symptoms may not seek or be brought to medical attention
immediately. A delay in laboratory testing may further pro-
long the interval between symptom onset and the administra-
tion of medication. For treatment benefits, we specifically
followed patients (n = 97) who tested positive for influenza
A or influenza B admitted to the ED during March 2012.
The mean and median length of stay in the ED during the
study period was 3.1 and 2.8 hours, respectively. In these
97 patients, respiratory viral results provided by FilmArray
were available for 44 patients (45%) before they were dis-
charged from the ED. In 50 patients (52%), positive results
were called within 3 hours after discharge. The remaining
3 patients (3%) were notified of the results in more than 3
hours. Of the 97 patients, 22 patients (23%) were treated
with oseltamivir in the ED, and 30 patients (31%) were
given the prescription while they were in the ED. The pre-
scription was called in to another 27 patients (28%) within 3
hours after discharge from the ED. The remaining 18 (19%)
patients received no prescription for oseltamivir. Overall, 79
patients (81%) with influenza virus were given oseltamivir
in a timely manner—defined as receiving the drug in the ED,
a prescription in the ED, or a prescription within 3 hours of
ED discharge. Among the 18 patients who did not receive
prescriptions, 6 reported having symptoms for more than 48
hours before the ED visit, 4 patients showed improvement of
symptoms according to parents, 4 had a follow-up appoint-
ment, 2 received physicians’ decisions not to treat, and no
information was available for 2 patients.

The daily tally of all positive results during the respira-
tory virus season clearly demonstrated the epidemiology of
the multiple respiratory viral agents present in symptomatic
children receiving care at our institution EFigure 20 and con-
tributed to both hospital-wide as well as community-wide
public health information. Unusually, influenza A and B did
not emerge until later in the season at the end of February and
peaked in April. Before the emergence of influenza viruses,
RSV was the major infectious agent, with a peak noted in
mid-February. We also found that 1 patient who received live
attenuated influenza vaccine less than 7 days before testing
was positive for both influenza A and B; in retrospect, we
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would not recommend viral testing in patients recently immu-
nized with live vaccine.

Discussion

Molecular testing for respiratory viruses has become
widely available and rapidly deployed in diagnostic laborato-
ries during the past few years. Therefore, the critical operation-
al decision involves which system to choose to meet patient
care needs while integrating smoothly into a laboratory’s infra-
structure. In general, molecular tests for respiratory viruses
have to be conducted in batches in specialized molecular,
microbiology, or virology laboratories that rarely offer testing
during evening and night shifts. The TAT for most molecular
tests is also relatively long, ranging from 6 to 8 hours.

FilmArray is a recent US Food and Drug Administra-
tion (FDA)-approved PCR method for detecting 15 respira-
tory viral agents. Recently, Idaho Technology received FDA
approval for 5 additional respiratory viral and bacterial agents
including coronavirus 229E, coronavirus OC43, Bordetel-
la pertussis, Chlamydophila pneumoniae, and Mycoplasma
pneumoniae. It is simple and fully automated (sample in,
result out), with a 65-minute TAT and a single-piece through-
put platform. We implemented FilmArray in our core labora-
tory and ran the test 24/7 during this respiratory viral season.
We started with 2 FilmArray instruments. As the volume of
tests increased, a third instrument was added and then a fourth
one was made available to us as a backup. The redundancy
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IFigure 20 \Weekly respiratory samples detected as positive
for influenza A H1 2009, influenza H3, influenza B, respiratory
syncytial virus (RSV), or rhinovirus/enterovirus.
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of our instrumentation allowed the laboratory to continue to
perform testing if 1 or more instruments were not in operation.

Implementing FilmArray in the core laboratory signifi-
cantly reduced the TAT of respiratory virus test reporting. In
addition, the FilmArray respiratory viral panel includes more
viral agents that were not included in previous testing using
DFA. Although current treatment for respiratory viral infec-
tion is limited to influenza A and B, detection of other viral
agents is valuable because clinical suspicion of viral respira-
tory tract infections can be confirmed, additional workup
and therapy can be avoided, and clinicians and parents can
be reassured.

In addition to early treatment of patients with influenza
virus, early detection of the infectious agent is important to
place the patients into appropriate isolation cohorts. Because
of'its rapid TAT, FilmArray testing for respiratory viruses was
also used to place patients into cohorts effectively. In fact,
20% of the respiratory viral tests we performed were primar-
ily for the purpose of patient isolation and forming cohorts.
In 2 cases in which patients were admitted for urgent surgery,
the rapid respiratory viral testing quickly ruled out influenza
infection so that the surgery did not have to be performed
under strict isolation procedures using masks and negative
pressure in the operating room.

The purchase price of a FilmArray respiratory viral
PCR panel was $109 per reagent pouch after discount (list
price, $129). Adding 1% to 2% of pouch failure rate and
additional quality control testing, the cost was approxi-
mately $115 per test. The test took approximately 5 minutes
to perform, which was about the same amount of time
required for packaging a sample to be sent to a reference
laboratory. We did not add any FTE in the core laboratory
with the addition of the test. The cost of sending a sample
to the reference laboratory for respiratory viral testing by
DFA was $98.26. The actual price of FilmArray was only
slightly higher than that previous spent on respiratory viral
testing. For the DFA testing performed in previous years,
nasal wash was the preferred specimen type. The collection
of a nasal wash sample resulted in the generation of aerosols,
and therefore procedure rooms had to be closed for 30 min-
utes before the rooms could be used again. Replacing the
nasal wash with a midturbinate swab increased efficiency
by eliminating the 30-minute room closures. Because 71%
of the respiratory viral testing samples were collected from
the ED, we potentially saved 900 hours of ED room for the
2,537 respiratory viral tests performed. The cost savings
could not be accurately calculated. However, in 1 report
it was found that a 1-hour reduction in ED boarding time
would result in $9,693 to $13,298 of additional daily rev-
enue.'® In this report the calculation included patients who
left without being seen, which represented 7% of all ED
visits. The rate of patients who left without being seen at
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our institution is 0.6%, so opportunity cost savings in our
institution are probably lower.

The major drawbacks of FilmArray are single-sample
throughput, the relatively low sensitivity of detecting adenovi-
rus,'! and the inability to separate thinovirus and enterovirus.
Furthermore, we were unable to quantify viral load, which
may also be important in some patients. In addition, the high
detection rate of rhinovirus cannot be necessarily interpreted
as high rates of acute rhinovirus infection because prolonged
rates of rhinovirus shedding have been reported. Finally,
because there is no interface with our computerized data entry
system currently, we required 2 technologists to verify the
reported results for clerical error reduction. With this peer
review verification reporting process we had only 1 data entry
error, which was corrected without affecting patient care. The
error rate related to data entry was less than 0.04%.

In summary, the implementation of the FilmArray respi-
ratory panel in our core laboratory significantly decreased the
time required to detect and report respiratory viruses. Patients
with influenza A and B were treated rapidly and appropriate-
ly, which had not been possible using DFA. Detection of other
viral agents assisted physicians in the differential diagnosis of
respiratory syndromes and isolation of patients admitted to the
hospital. Overall, we implemented a molecular-based efficient
diagnostic test in our core laboratory for the first time, mark-
ing a new era in pediatric clinical laboratory medicine.
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