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The appropriate treatment and control of infectious gastroenteritis depend on the ability to rapidly detect the wide range of etio-
logic agents associated with the disease. Clinical laboratories currently utilize an array of different methodologies to test for bac-
terial, parasitic, and viral causes of gastroenteritis, a strategy that suffers from poor sensitivity, potentially long turnaround
times, and complicated ordering practices and workflows. Additionally, there are limited or no testing methods routinely avail-
able for most diarrheagenic Escherichia coli strains, astroviruses, and sapoviruses. This study assessed the performance of the
FilmArray Gastrointestinal (GI) Panel for the simultaneous detection of 22 different enteric pathogens directly from stool speci-
mens: Campylobacter spp., Clostridium difficile (toxin A/B), Plesiomonas shigelloides, Salmonella spp., Vibrio spp., Vibrio chol-
erae, Yersinia enterocolitica, enteroaggregative E. coli, enteropathogenic E. coli, enterotoxigenic E. coli, Shiga-like toxin-produc-
ing E. coli (stx1 and stx2) (including specific detection of E. coli O157), Shigella spp./enteroinvasive E. coli, Cryptosporidium spp.,
Cyclospora cayetanensis, Entamoeba histolytica, Giardia lamblia, adenovirus F 40/41, astrovirus, norovirus GI/GII, rotavirus A,
and sapovirus. Prospectively collected stool specimens (n � 1,556) were evaluated using the BioFire FilmArray GI Panel and
tested with conventional stool culture and molecular methods for comparison. The FilmArray GI Panel sensitivity was 100% for
12/22 targets and >94.5% for an additional 7/22 targets. For the remaining three targets, sensitivity could not be calculated due
to the low prevalences in this study. The FilmArray GI Panel specificity was >97.1% for all panel targets. The FilmArray GI Panel
provides a comprehensive, rapid, and streamlined alternative to conventional methods for the etiologic diagnosis of infectious
gastroenteritis in the laboratory setting. The potential advantages include improved performance parameters, a more extensive
menu of pathogens, and a turnaround time of as short as 1 h.

Infectious gastroenteritis (IGE) is a leading cause of global
morbidity and mortality. It is estimated that IGE contributes

to the death of 2,195 children each day (1). IGE also contributes
to serious morbidities, such as malnutrition, stunting, and im-
paired cognitive function (2, 3). Diarrheal disease disproportionately
affects developing nations, but IGE remains a significant problem in
industrialized countries as well. For example, it is estimated that each
year, approximately 178.8 million cases of gastrointestinal illness oc-
cur in the United States, resulting in 474,000 hospitalizations and
5,000 deaths (4). Although the etiologic agents responsible for about
80% of these illnesses are unidentified or otherwise unspecified (4),
norovirus and Salmonella spp. are currently the most commonly
identified pathogens associated with food-borne disease in the
United States and account for 5.5 and 1.0 million cases each year, re-
spectively (http://www.cdc.gov/foodborneburden/2011-foodborne
-estimates.html). Health care- and antibiotic-associated diarrhea are
also problematic, with the major causative pathogen being toxin-
producing Clostridium difficile. In the United States, �300,000
cases of C. difficile are diagnosed annually, with associated costs of
at least $1 billion (5, 6). In addition, recent studies have shown
that hospitalized patients often harbor other diarrheal pathogens
(e.g., norovirus, rotavirus, and adenovirus), which are not rou-
tinely tested for in these patient populations (7, 8).

In the United States and across the globe, IGE is associated with
a diverse array of etiologic agents, including bacteria, viruses, and
parasites. Clinical presentation does little to aid with specific di-
agnosis, because diarrhea is the predominant symptom of IGE,

regardless of etiology (9, 10). Nonetheless, a common tactic used
for patient management in developing nations is syndromic diag-
nosis, consisting of differentiation between acute watery, persis-
tent, and bloody diarrhea (11). In contrast, industrialized coun-
tries typically employ a battery of tests for detecting the causative
agent of IGE. Common diagnostic practice in the United States
requires providers to choose among bacterial, viral, and parasitic
pathogen groups, with associated test methodologies, including
rapid antigen testing, culture, specialized microscopy, and single-
plex PCR assays, for detecting the responsible organism or toxin.
Often, the clinician is unsure of what is included with each test
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requested and, more importantly, may miss testing for specific
pathogens of interest (e.g., Cyclospora or norovirus) (12, 13). In
the clinical laboratory, these various test requests translate into
laborious and often costly practices, especially if test requests must
be forwarded to a reference laboratory. In addition, the turn-
around times range from under an hour, to 2 to 4 days, or even
weeks in some instances. The lengthy turnaround times associated
with stool specimen testing diminish the value of an etiologic di-
agnosis with respect to patient management (12). Furthermore,
even when specimens are collected and tested, the causative agent
of IGE is often left unidentified for many reasons, including lim-
ited laboratory test menus, physician ordering practices, insensi-
tive methodologies, the complexity of the stool matrix, and anti-
biotic usage (13–16).

The specific etiologic diagnosis of IGE provides important in-
formation for case management, infection control, and public
health interventions. Therefore, effective diagnostic methodolo-
gies are critical for optimal treatment and prevention plans. Clin-
ical laboratories are increasingly utilizing multiplexed molecular
assays in order to detect a variety of pathogens from different
sample matrices. In this study, the performance of one such mul-
tiplexed molecular assay, the BioFire FilmArray Gastrointestinal
(GI) Panel, was examined at four geographically distinct clinical
sites across the United States. The accuracy of the panel was com-
pared to that of conventional stool culture for common bacterial
pathogens (Campylobacter spp., Escherichia coli O157, Plesiomo-
nas shigelloides, Salmonella spp., Vibrio spp., V. cholerae, and Y.
enterocolitica) and to that of PCR with sequencing for detecting
toxigenic C. difficile, diarrheagenic E. coli and Shigella spp., vi-
ruses, and parasites.

MATERIALS AND METHODS
Clinical specimens. The specimens meeting the following inclusion cri-
teria were selected for the study at four geographically distinct study sites:
the specimen was received by the laboratory in Cary-Blair enteric trans-
port medium, was submitted with orders by the provider for stool culture,
was of sufficient volume for testing, and could be tested via the FilmArray
GI Panel and bacterial culture within 4 days of specimen collection (stored
at 4°C). At the study sites, culture was set up as part of routine clinical
testing (i.e., immediately upon receipt of the specimen), and to meet the
inclusion criteria, culture was always set up within 4 days of specimen
collection. The submitting physicians may have ordered testing in addi-
tion to stool culture; however, the results of such testing were not collected
or utilized in this study for comparator analysis. The specimens were
collected under institutional review board (IRB)-approved protocols at
each site, which included a waiver of informed consent for the use of
remnant deidentified specimens. A total of 1,556 specimens met these
criteria during an enrollment period between May and September of
2013. The specimens were deidentified and assigned a study code number
(SCN) linked to patient demographic information, including age, sex,
hospitalization status (hospitalized, outpatient, or emergency depart-
ment), and date of specimen collection. All study-specific testing was con-
ducted on specimen aliquots labeled with only the SCN and no identifi-
able information.

Stool culture comparator testing. The specimens were tested for bac-
terial gastrointestinal pathogens using stool culture, which was performed
at each study site using the standard procedure of each laboratory. All
study specimens at all sites were plated to the following media or their
equivalent: blood agar, blood agar with 10 �g/ml ampicillin, MacConkey
agar, MacConkey-sorbitol agar, Campylobacter CVA agar (CVA), cefsu-
lodin-irgasan-novobiocin agar (CIN), and thiosulfate-citrate-bile salts
agar. Additionally, Gram-negative (GN) broth was inoculated, incubated
overnight at 35 to 37°C, and used to inoculate Hektoen enteric or eosin

methylene blue agar. The media were obtained from BD (Franklin Lakes,
NJ) or Remel (Lenexa, KS), depending on the preference of each study
site. All media were incubated at 35 to 37°C in ambient air, except for CIN,
which was held at room temperature, and CVA, which was held at 42°C
under microaerobic growth conditions. The plates were held for 2 days
before being reported as negative, and the isolates were initially identified
using standard procedures validated and utilized by each study site labo-
ratory (e.g., biochemical and phenotypic analysis). Pathogenic isolates
identified by the study sites were frozen in nutrient broth containing 20%
glycerol and shipped to BioFire Diagnostics in case additional molecular
analysis was required (e.g., incomplete laboratory identification or dis-
crepant analysis), as described below and detailed in Table 1.

FilmArray GI Panel testing. An aliquot of each specimen was stored at
4°C until FilmArray GI Panel testing could be completed at the study sites.
Two hundred microliters of specimen in Cary-Blair transport medium
was subject to FilmArray GI Panel testing, according to the manufactur-
er’s instructions. The FilmArray GI Panel test consists of automated nu-
cleic acid extraction, reverse transcription, amplification, and analysis,
with results available in 1 h per run per specimen.

This study was conducted with an investigational use only (IUO) ver-
sion of the FilmArray GI Panel that detected seven bacteria (Aeromonas
spp., Campylobacter spp. [C. jejuni, C. coli, and C. upsaliensis], C. difficile
toxin A/B, P. shigelloides, Salmonella spp., Vibrio spp. [V. parahaemolyti-
cus, V. vulnificus, and V. cholerae with specific detection of V. cholerae],
and Y. enterocolitica), six diarrheagenic Shigella spp./E. coli (enteroaggre-
gative E. coli [EAEC], enteropathogenic E. coli [EPEC], enterotoxigenic E.
coli [ETEC], enteroinvasive E. coli [EIEC]/Shigella spp., Shiga-like toxin-
producing E. coli [STEC] [with specific detection of E. coli O157]), four
parasites (Cryptosporidium, Cyclospora cayetanensis, E. histolytica, and G.
lamblia), and five viruses (adenovirus F 40/41, astrovirus, norovirus GI/
GII, rotavirus A, and sapovirus). The final FDA-cleared FilmArray GI
Panel is identical to the IUO panel used in this study, with the exception
that results from the Aeromonas target are not analyzed or reported. The
performance characteristics of the IUO Aeromonas target were assessed in
this study.

Each FilmArray GI Panel pouch contains an internal nucleic acid ex-
traction control and a PCR control. The FilmArray GI Panel runs were
considered valid if the run completed normally and internal controls
passed. The FilmArray GI Panel software performs automated result anal-
ysis with each target in a valid run reported as detected or not detected. If
either internal control fails, the software automatically provides a result of
invalid for all panel analytes. All specimens having invalid results were
retested, and the study inclusion criteria required that all testing be com-
pleted within 4 days of specimen collection. A result of not applicable is
reported for EPEC when STEC is detected, because the EPEC target (eae
gene) is present in some STEC strains. Not applicable is also reported for
E. coli O157 when STEC is not detected, because otherwise the assay may
identify E. coli O157 strains that lack stx1 and stx2 genes.

Real-time PCR and sequencing for comparator analysis. The speci-
men aliquots for PCR testing were frozen immediately (at �70°C) after
enrollment and shipped to BioFire on a weekly basis. Nucleic acid was
extracted from proteinase K-treated and bead-beaten specimens using a
MagNA Pure LC 2.0 automated system with the total nucleic acid isola-
tion– high-performance kit (Roche Diagnostics, Indianapolis, IN). Real-
time PCR and sequence analysis were performed by BioFire personnel in
a blinded manner for comparator testing (Table 1). Table 1 details the
gene targets used in this study for real-time PCR-based comparison. Ad-
ditionally, if a laboratory was unable to identify a particular bacterial
isolate to the species level, a nucleic acid extract from the isolate was
subjected to PCR and bidirectional sequencing (e.g., 16S rRNA gene or
other appropriate target).

In most instances, when real-time PCR was used as a comparator
method (Table 1), two independent well-validated assays targeting each
analyte were utilized in conjunction with bidirectional sequencing. The
exceptions included the utilization of previously published assays without
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sequencing for the detection of norovirus GI/GII (CDC CaliciNet assay
[17]), G. lamblia (one of two assays used [18]), and sapovirus (one of two
assays used [19]). These published assays produced amplicons of insuffi-
cient length for meaningful sequence analysis. When possible, the com-
parator real-time PCR targets differed from the FilmArray GI Panel tar-
gets, and in all cases, the primers utilized for comparator testing were
different from the FilmArray GI Panel primers. Aside from the noted
previously published assays, all real-time PCR comparator assays were
designed and validated by BioFire. The PCR results were considered valid
when the positive, negative, and specimen inhibition controls performed
as expected. Macrogen (Rockville, MD) performed amplicon cleanup and
sequencing, and the sequences were compared against the GenBank nu-
cleotide database using the Nucleotide Basic Local Alignment Search Tool
(BLASTn), with default settings. Sequencing-based comparator assays
were considered positive only when a bidirectional sequencing result of
adequate quality was found to match a sequence for the expected analyte
with an E value of �1.0E�30. If the results from the two comparator
assays were discordant from one another, nucleic acid was reextracted,
and both comparator assays were repeated to ensure the discordant result
was not due to contamination or specimen mix-up. The consensus result
from two out of the three tests was considered the final result for each
assay.

Results and discrepant analysis. A FilmArray GI Panel result was
considered true positive (TP) or true negative (TN) only when it agreed
with the result from the comparator method. When the results were dis-
cordant, discrepant analysis ensued. When sufficient specimen volume
was available, all discordant specimens were first analyzed using PCR and
sequencing assays that targeted different genes or gene regions than those
of either the FilmArray GI Panel or the comparator method (if molecu-
lar), as shown in Table 1. If no alternative PCR assays were identified in the
literature or developed internally, the FilmArray GI Panel false-positive
(FP) or false-negative (FN) specimens were initially tested using the orig-
inal molecular comparator assays (Table 1) with enhanced methods, in-

cluding up to 10 additional PCR cycles and up to 10 additional replicate
samples (enhanced comparator protocol). Amplicon sequencing and
BLASTn analysis (as described above) were ultimately used following
PCR. Any specimens that were not resolved by the initial round of dis-
crepant analysis were tested with a benchtop version of the FilmArray GI
Panel assay (i.e., FilmArray primers in a conventional real-time PCR) and
amplicon sequencing.

Calculations and statistical analysis. Sensitivity and positive percent
agreement (PPA) were calculated as 100 � (no. of TP/[no. of TP � no. of
FN]), and specificity and negative percent agreement (NPA) were calcu-
lated as 100 � (no. of TN/[no. of TN � no. of FP]). As described, PPA and
NPA are calculated in the same manner as sensitivity and specificity, re-
spectively. The terms PPA and NPA are used instead of sensitivity and
specificity to indicate that a non-gold-standard assay (e.g., PCR) was used
for the original comparator analysis. The exact binomial two-sided 95%
confidence interval (95% CI) was calculated according to the method of
Clopper and Pearson (20).

RESULTS
Demographics. The demographic characteristics associated with
the 1,556 specimens prospectively analyzed in this study are pre-
sented in Table 2. The majority of the specimens (86.8%) were
collected from outpatients, with hospitalized and emergency
room patients represented by 10.5% and 2.7% of the total study
population, respectively. General adult (584 specimens from
those �21 years old [38%]) and pediatric (972 specimens from
those �21 years old [62%]) populations were represented with
slightly more specimens collected from female patients (838 spec-
imens [54%]) than from male patients (718 specimens [46%]).

Summary of FilmArray GI Panel findings. The FilmArray GI
Panel detected at least one potential pathogen in 832 of the 1,556

TABLE 1 Methods of comparator testing and discrepancy analysis for all potential pathogens targeted by the FilmArray GI Panel

Analyte Comparator methoda Discrepant analysisb

Campylobacter spp. Culture cadF and gyrA PCR, BTFA
C. difficile tcdA and tcdB PCR ECP, BTFA
P. shigelloides Culture hugA PCR, BTFA
Salmonella spp. Culture stn PCR
Vibrio spp. Culture gyrB PCR, BTFA
V. cholerae Culture gyrB PCR, BTFA
Y. enterocolitica Culture NA
EAEC aggR and aatA PCR ECP, BTFA
EPECc 2 � eae PCR ECP, BTFA
ETEC eltA, est1a, and est1b PCR ECP, BTFA
STEC stx1 and stx2 PCR ECP, BTFA
E. coli O157d Culture (STEC positive only) rfbE PCR
Shigella spp./EIEC 2 � ipaH PCR ECP, BTFA
Shigella spp. Culture ECP, BTFA
Cryptosporidium spp. DHFR and TRAPC1 PCR ECP, 18S rRNA gene PCR, BTFA
C. cayetanensis ITS2 and 18S rRNA gene PCR NA
E. histolytica 18S rRNA gene and actin-like gene PCR NA
G. lamblia 2 � 18S rRNA gene PCR (one published [18]) ECP, BTFA
Adenovirus F 40/41 hexon and pol PCR ECP, BTFA
Astrovirus ORF1a and ORF1b PCR ECP, BTFA
Norovirus GI/GII RdRp-capsid junction PCR (17) PCR with multiple primer sets, BTFA
Rotavirus VP4 and VP7 PCR ECP, BTFA
Sapovirus 2 � RpRd-capsid junction PCR (one published [19]) ECP, BTFA
a All PCR tests were followed by amplicon sequencing, except for the published assays for Giardia spp., norovirus GI/GII, and sapovirus. ORF, open reading frame.
b Benchtop FilmArray test; ECP, enhanced comparator protocol.
c If stx1 or stx2 was detected by the comparator STEC assay, the comparator EPEC results for the specimen were considered not applicable (NA). The same algorithm is utilized by
the FilmArray GI Panel software.
d E. coli O157 comparator results were considered only if STEC was detected. The same algorithm is utilized by the FilmArray GI Panel software.
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specimens that were tested, yielding a positivity rate of 53.5%
(Table 3). The prevalence of each potential pathogen detected by
the FilmArray GI Panel during the testing period is presented in
Table 4. The most prevalent organisms detected during this study
were EPEC, toxigenic C. difficile, and EAEC, which were found in
22.4%, 13.1%, and 7.0% of the tested specimens, respectively. All
other assay targets were detected in �5% of specimens, and E.
histolytica was the only target not detected during this study.

Multiple pathogens were detected in 31.5% of the positive
specimens (262/832), and the greatest number of potential patho-
gens detected in a single specimen was six (Campylobacter, EAEC,
EPEC, ETEC, G. lamblia, and norovirus GI/GII). All pathogens
detected by the FilmArray GI Panel in this study were observed, to
some degree, as part of coinfections. The single cases of Y. entero-
colitica and V. cholerae that were detected were identified as part of
coinfections with norovirus GI/GII plus rotavirus A and EPEC
plus sapovirus, respectively. A majority of the P. shigelloides
(88.9%), ETEC (83.9%), adenovirus F 40/41 (61.8%), EAEC
(61.5%), norovirus GI/GII (61.4%), sapovirus (55.9%), rotavirus
A (55.6%), C. difficile (53.4% total, 49% from patients �1 year
old), G. lamblia (51.9%), Campylobacter spp. (51.7%), astrovirus
(50%), and Vibrio spp. (50%) detections in this study were asso-
ciated with coinfections (Table 4). C. cayetanensis (10.5%) was
least associated with coinfection, followed by E. coli O157 (25%),
STEC (34.2%), Shigella spp./EIEC (34.7%), Salmonella spp.
(40.5%), EPEC (45.7%), and Cryptosporidium spp. (45.8%). No
statistically significant associations were found with any particular
combination of pathogens.

FilmArray GI Panel performance. For 1,544/1,557 specimens
(99.4%), FilmArray GI Panel testing was completed with one at-
tempt; the user aborted one initial run (0.06%), three runs had
software errors (0.19%), and one of the internal controls failed in
nine instances (0.58%). Of the 13 specimens that did not yield

initial results, 12 specimens produced valid results after a single
retest. One of the specimens could not be retested within 4 days of
collection and was therefore excluded from the study (resulting in
1,556 valid specimens analyzed of the 1,557 specimens tested).
During testing, 22/1,591 (1.4%) pouches were discarded due to
pouch manufacturing defects resulting in specimen loading fail-
ures prior to testing. In all cases in which the pouches experienced
a failure of internal controls, the specimens were retested success-
fully without specimen dilution, indicating that no failures were
due to PCR inhibition.

The performance characteristics for individual FilmArray GI
Panel targets are presented in Table 5. Sensitivity/PPA and speci-
ficity/NPA were calculated with respect to the comparator meth-
ods defined in Table 1 without the use of data from discrepant
analysis; these unresolved data were also utilized for the final sub-
mission to the FDA and appear in the test’s package insert. The
FilmArray GI Panel demonstrated a sensitivity/PPA of 100% for
12/22 targets: P. shigelloides, Salmonella spp., Y. enterocolitica,
ETEC, STEC, E. coli O157, Cryptosporidium spp., C. cayetanensis,
G. lamblia, astrovirus, rotavirus A, and sapovirus. For all other
detected and FDA-cleared targets, the FilmArray sensitivity/PPA
was �94.5% (Campylobacter spp., C. difficile, EAEC, EPEC, Shi-
gella spp./EIEC, adenovirus F 40/41, and norovirus GI/GII).
When the 95% confidence interval (95% CI) could be calculated
(i.e., for 18/22 targets), the lower boundary typically met or ex-
ceeded 80.0% (i.e., for 14/18 targets), but low prevalence (�10
detections) did negatively affect the 95% CI for four analytes de-
tected during this study (P. shigelloides, E. coli O157, astrovirus,
and rotavirus A), as shown in Table 5. It was not possible to assess
the sensitivity/PPA of the FilmArray GI Panel for detecting Vibrio
spp., V. cholerae, or E. histolytica, as these organisms were not
detected by comparator methods, or at all in the case of E. histo-
lytica. The specificity/NPA of the FilmArray GI Panel was �97.1%
for all analytes. The lower boundaries of the 95% CI for specificity
were �96.0% for all targets, with the exception of STEC O157,
which had a lower 95% CI boundary of 85.1% due to its low
prevalence (n � 3) in this study.

Discrepant analysis. The comparator methods identified 957
potential pathogens in the 1,556 specimens that were tested. The
FilmArray GI Panel detected 943 of these pathogens; 14 (0.9% of
all specimens) FilmArray GI Panel false-negative (FN) detections
occurred. The discrepant specimens were analyzed with adjunct
molecular methods, and the results are presented in Table 6. Dur-
ing the discrepant analysis, nucleic acid from the particular patho-
gen in question was identified in the single FN Campylobacter sp.,
one FN C. difficile (note that one FN C. difficile specimen could not

TABLE 2 Demographic characteristics of study specimens

Patient subset

Data by patient sex and age (yr)a:

Total no. (%) of
specimens

�1 1–5 6–12 13–21 22–64 �65

M F M F M F M F M F M F

Outpatient 70 48 216 187 102 83 97 133 115 186 41 72 1,350 (86.8)
Hospitalized 1 1 4 6 1 0 1 5 30 64 24 27 164 (10.5)
ERb 1 0 4 1 1 6 1 3 5 11 4 5 42 (2.7)

Total 72 49 224 194 104 89 99 141 150 261 69 104 1,556
a M, male; F, female.
b ER, emergency room.

TABLE 3 Total number of FilmArray GI Panel-positive specimens by
number of detections

No. of potential pathogens in
FilmArray GI Panel result

No. of specimens
(n � 1,556)

% of total (%
positives)

Detected (at least one) 832 53.47 (100)
One 570 36.63 (68.51)
Two 199 12.79 (23.92)
Three 50 3.21 (6.01)
Four 9 0.58 (1.08)
Five 3 0.19 (0.36)
Six 1 0.06 (0.12)
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be retested due to insufficient volume), one FN adenovirus F 40/
41, and one FN norovirus GI/GII specimen, indicating that the
FilmArray GI Panel assay failed to detect the analyte in these sam-
ples. The remaining nine FN specimens (one adenovirus F 40/41,
one EAEC, three EPEC, two norovirus GI/GII, and two Shigella
spp./EIEC specimens) were presumed positive for the conven-
tionally detected pathogen and retested using the FilmArray GI
Panel. Of these nine, one norovirus GI/GII sample was positive
upon retest, suggesting the remaining specimens contained ana-
lyte levels below the detectable range of the FilmArray GI Panel
assays.

In total, the FilmArray GI Panel identified 1,180 potential
pathogens in the 1,556 specimens tested in this study. The com-
parator methods also detected 943 of these pathogens, yielding
237 FilmArray GI Panel false-positive (FP) detections (20.1% of
all FilmArray GI Panel detections). All 237 FP specimens were
analyzed by at least one additional molecular method as a means
of discrepant analysis (Table 1), with the results shown in Table 6.
After discrepant analysis, 33 FilmArray GI Panel detections re-
mained unresolved (2.8% of all FilmArray GI Panel detections)
and could not be linked to cross-reactivity between the FilmArray
GI Panel primers and nontarget organisms. Cross-reactivity was
detected in five specimens (0.42% of all FilmArray GI Panel de-
tections); three FP ETEC detections (9.7% of all ETEC detections)
were linked to cross-reactivity between the FilmArray GI Panel
ETEC assays and commensal organisms (Hafnia alvei and Citro-
bacter koseri) that contain variants of the fliP gene (a gene within
the flagellar biosynthesis operon). This low-frequency potential
for false-positive ETEC results due to cross-reactivity is noted in
the FilmArray GI Panel package insert. Additionally, for two FP G.
lamblia detections (7.4% of all Giardia sp. detections), the se-

quencing data obtained from the conventional PCR using the
FilmArray GI Panel Giardia primers indicated FilmArray GI Panel
cross-reactivity with commensal bacteria (Bifidobacterium longum
and Ruminococcus callidus). This limitation is also outlined in the
test’s package insert. In the remaining 199 of the initial 237 dis-
crepant FP specimens (84% of all FilmArray GI Panel FP results),
nucleic acid from the targeted pathogen was identified using the
adjunct methods, thus confirming the original FilmArray GI
Panel-positive result. Overall, the FilmArray GI Panel correctly
detected more positive specimens than did the comparator testing
methods for all detected pathogens, except Y. enterocolitica, EIEC/
Shigella spp., and C. cayetanensis, for which the FilmArray GI
Panel detected the same number of positives as that of the com-
parator methods.

Aeromonas. The IUO panel utilized here targeted Aeromonas
spp. in addition to the 22 pathogens discussed above. In this study,
25 specimens were culture positive for Aeromonas species. The
FilmArray GI Panel detected Aeromonas DNA in 20 of these 25
specimens, yielding 5 FN specimens and 80% sensitivity for the
target (95% CI, 59.3 to 93.2%). In addition, the FilmArray GI
Panel detected Aeromonas DNA in 26 culture-negative specimens,
and the specificity for the target was 98.3% (95% CI, 97.5 to
98.9%) compared to culture. Adjunct analysis of the discrepant
specimens showed that 5/5 of the FN samples and 26/26 of the FP
samples contained Aeromonas DNA, confirming the FilmArray GI
Panel sensitivity of 80% and yielding a resolved specificity of
100%.

DISCUSSION

These data demonstrate that the FilmArray GI Panel is capable of
accurately detecting bacterial, viral, and parasitic pathogens di-

TABLE 4 Total number of FilmArray GI Panel detections by type of pathogen and age group

Potential pathogen Total no.

No. (% of total)
associated with
coinfection

No. of detections in age group (yr):

�1
(n � 121)

1–5
(n � 418)

6–12
(n � 193)

13–21
(n � 240)

22–64
(n � 411)

�65
(n � 173)

Campylobacter spp. 58 30 (51.7) 1 11 12 6 19 9
C. difficile 204 109 (53.4) 49 66 18 33 29 9
P. shigelloides 18 16 (88.9) 0 7 4 4 3 0
Salmonella spp. 37 15 (40.5) 5 7 5 5 11 4
Vibrio spp. 2 1 (50) 0 0 0 0 2 0
V. cholerae 1 1 (100) 0 0 0 0 1 0
Y. enterocolitica 1 1 (100) 1 0 0 0 0 0
EAEC 109 67 (61.5) 9 34 20 17 25 4
EPEC 348 159 (45.7) 30 155 45 46 55 17
ETEC 31 26 (83.9) 1 5 7 5 9 4
STEC 38 13 (34.2) 1 24 2 4 5 2
E. coli O157 4 1 (25) 0 3 1 0 0 0
Shigella spp./EIEC 49 17 (34.7) 0 31 7 5 6 0
Cryptosporidium spp. 24 11 (45.8) 0 9 3 6 5 1
C. cayetanensis 19 2 (10.5) 0 0 0 0 13 6
E. histolytica 0 0 (0) 0 0 0 0 0 0
G. lamblia 27 14 (51.9) 1 6 5 2 13 0
Adenovirus F 40/41 55 34 (61.8) 12 36 5 0 2 0
Astrovirus 8 4 (50) 1 4 0 1 2 0
Norovirus GI/GII 70 43 (61.4) 15 31 5 7 9 3
Rotavirus A 18 10 (55.6) 11 2 1 1 2 1
Sapovirus 59 33 (55.9) 12 31 7 1 5 3

Total 1,180 607 149 462 147 143 216 63
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rectly from a stool specimen in Cary-Blair enteric transport me-
dium in about 1 h per specimen/instrument. There are several
limitations of this study that are important to point out. For ex-
ample, there were low numbers of positive specimens obtained for
some FilmArray GI Panel targets, most notably E. histolytica,
Vibrio spp., V. cholerae, and Y. enterocolitica. The sensitivities for
these four pathogens could not be determined at all (or with con-
fidence for Y. enterocolitica) due to their low prevalences during
the study, but the specificity of the FilmArray GI Panel for these
targets was �99.9%. Another limitation of the study includes the
fact that specimens were obtained during the spring and summer
months only, and the prevalences of some seasonal pathogens may
be misrepresented. In addition, samples were collected from clin-
ical centers in the United States only, and it is not known how the
FilmArray GI Panel performs in developing countries where coin-
fections are known to be common. The abundance of gastrointes-
tinal coinfections in the U.S. population is not well studied, as this
is the largest study of its kind in the U.S. population, to our knowl-
edge. However, this study showed an appreciable amount of coin-
fections in U.S. patients (31.5% of all positive specimens), espe-
cially in pediatric populations. A final limitation of this study
includes the fact that all study specimens were originally submit-
ted to the clinical centers based on a health care provider’s request
for stool culture, not necessarily for viral or parasitic pathogen
testing. Thus, prevalence might be biased to favor organisms de-
tected by traditional stool culture. This seems unlikely, as the most
common pathogens detected in this study (EPEC, C. difficile toxin

A/B, EAEC, norovirus GI/GII, and sapovirus) would not be de-
tected by routine culture.

Culture is known to be less sensitive than molecular methods
for the detection of enteric bacterial pathogens (21, 22), and our
results suggest that conventional culture methods have difficulties
with the recovery of P. shigelloides, Salmonella spp., Vibrio spp., V.
cholerae, C. upsaliensis, and Aeromonas species. During this study,
there were no FilmArray GI Panel FN P. shigelloides, Salmonella
spp., Vibrio spp., or V. cholerae detections, and when the Film-
Array GI Panel detected these organisms in culture-negative spec-
imens (a total of 23 samples), nucleic acid from the appropriate
organism was always detected upon discrepant analysis. An im-
portant caveat is that the FilmArray GI Panel cannot differentiate
between live and dead organisms. Overall, the FilmArray GI Panel
also identified more positive Aeromonas specimens than did cul-
ture. However, the FilmArray GI Panel did miss Aeromonas spp. in
5 culture-positive specimens, yielding 80% sensitivity for the tar-
get. In contrast, a retrospective study (23) recently found that the
FilmArray GI Panel had an Aeromonas sensitivity of only 23.8%
compared to that of culture. The discrepancy between those find-
ings and ours likely relates to the fact that the Aeromonas-positive
specimens utilized by Khare et al. (23) had been frozen for �1
month and were freeze-thawed prior to testing, whereas the spec-
imens in this study were tested within 4 days of collection and
never frozen. Regardless, due to the low sensitivity compared to
that of the gold standard of culture, Aeromonas is not included as
a reportable analyte in the FDA-cleared test.

TABLE 5 Performance summary and characteristics of the FilmArray GI Panel versus those of comparator assays (stool culture or PCR and
sequencing)

Analyte

No. of detectionsa Sensitivity/PPAb Specificity/NPAb

C FA TP/(TP�FN) % 95% CI (%) TN/(TN�FP) % 95% CI (%)

Campylobacter spp. 35 58 34/35 97.1 85.1–99.9 1,497/1,521 98.4 97.7–99.0
C. difficile 165 204 163/165 98.8 95.7–99.9 1,350/1,391 97.1 96.0–97.9
P. shigelloides 3 18 3/3 100 29.2–100 1,538/1,553 99.0 98.4–99.5
Salmonella spp. 31 37 31/31 100 88.8–100 1,519/1,525 99.6 99.1–99.9
Vibrio spp. 0 2 0/0 1,554/1,556 99.9 99.5–100

V. cholerae 0 1 0/0 1,555/1,556 99.9 99.6–100
Y. enterocolitica 1 1 1/1 100 NAc 1,555/1,555 100 99.8–100
EAEC 83 109 82/83 98.8 93.5–100 1,446/1,473 98.2 97.3–98.8
EPEC 317 348 314/317 99.1 97.3–99.8 1,167/1,201 97.2 96.1–98.0
ETEC 22 31 22/22 100 84.6–100 1,525/1,534 99.4 98.9–99.7
STEC 33 38 33/33 100 89.4–100 1,518/1,523 99.7 99.2–99.9
E. coli O157 3 4 3/3 100 29.2–100 34/35 97.1 85.1–99.9
Shigella spp./EIEC (culture)d 49 (31) 49 47/49 95.9 86.0–99.5 1,505/1,507 99.9 99.5–100
Cryptosporidium spp. 18 24 18/18 100 81.5–100 1,532/1,538 99.6 99.2–99.9
C. cayetanensis 19 19 19/19 100 82.4–100 1,537/1,537 100 99.8–100
E. histolytica 0 0 0/0 1,556/1,556 100 99.8–100
G. lamblia 20 27 20/20 100 83.2–100 1,529/1,536 99.5 99.1–99.8
Adenovirus F 40/41 44 55 42/44 95.5 84.5–99.4 1,499/1,512 99.1 98.5–99.5
Astrovirus 7 8 7/7 100 59.0–100 1,548/1,549 99.9 99.6–100
Norovirus GI/GII 55 70 52/55 94.5 84.9–98.9 1,483/1,501 98.8 98.1–99.3
Rotavirus A 6 18 6/6 100 54.1–100 1,538/1,550 99.2 98.7–99.6
Sapovirus 46 59 46/46 100 92.3–100 1,497/1,510 99.1 98.5–99.5
a C, comparator method as defined in Table 1; FA, FilmArray GI Panel.
b Targets that utilized clinical reference standard comparator methods (i.e., stool culture) are reported in terms of sensitivity and specificity. However, the terms positive and
negative percent agreement (PPA and NPA, respectively) are typically used to describe performances for analytes that used PCR as a reference. As detailed in Materials and
Methods, sensitivity is calculated in the same manner as is PPA, and specificity is calculated in the same manner as is NPA. CI, confidence interval.
c NA, not applicable.
d Molecular methods targeting both Shigella spp. and EIEC were utilized for comparator testing and calculation of FilmArray GI Panel performance characteristics. However,
culture was used by the clinical study sites to identify Shigella spp. for informational purposes, and the culture results are noted in parentheses.
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The FilmArray GI Panel failed to detect Campylobacter DNA in
one culture-positive specimen, and only 19 of 24 Campylobacter
FP specimens were proven to contain Campylobacter DNA during
discrepant analysis. In general, the observed Campylobacter dis-
crepancies could be attributed to difficulties with the detection or
recovery of specific species and subspecies. The FilmArray GI
Panel FN Campylobacter sp. specimen was shown via discrepant
analysis to contain C. jejuni subsp. doylei DNA. C. jejuni subsp.
doylei is known to have higher limits of detection in the FilmArray
GI Panel, and this limitation is outlined in the test’s package insert.
One FilmArray GI Panel FP specimen was also shown, upon dis-
crepant analysis, to contain C. jejuni subsp. doylei DNA, indicating

that the FilmArray GI Panel can detect this subspecies from clin-
ical specimens even when culture does not. All three of the Cam-
pylobacter species recognized by the FilmArray GI Panel were de-
tected by stool culture: C. jejuni (n � 31), C. coli (n � 2), and C.
upsaliensis (n � 1). Interestingly, C. upsaliensis was overrepre-
sented in the FP specimens that were resolved during discrepant
analysis (10 C. upsaliensis and 9 C. jejuni) compared to in the TP
samples (31 C. jejuni and 1 C. upsaliensis). Campylobacter spp. are
fastidious organisms, and culture methods are biased toward the
detection of C. jejuni and C. coli (24, 25). The relatively high num-
ber of FilmArray GI Panel-positive culture-negative C. upsaliensis
specimens identified in this study may reflect the fact that C. up-
saliensis strains, which are known human pathogens (26, 27), are
susceptible to the antibiotics used in selective Campylobacter me-
dia and are often not recoverable in culture (27–29).

The conventional methods used to detect protozoan parasites
from stool specimens also suffer from a lack of sensitivity com-
pared to that of molecular tests (30). The traditional microscopic
ova and parasite exam of stool is insensitive and labor-intensive,
and laboratories may have difficulties maintaining technologist
proficiency, further reducing the efficacy of the test (16). Antigen
detection tests are more sensitive and less laborious than micros-
copy (31) but have reduced sensitivity compared to that of molec-
ular methods (32). Consequently, molecular tests were utilized in
this study as the comparator method for detecting protozoa, with
no FN detections but six FP Cryptosporidium and seven FP G.
lamblia detections. Four of the seven FilmArray GI Panel FP G.
lamblia specimens were shown to contain G. lamblia DNA during
discrepant analysis, one sample was left unresolved, and cross-
reactivity between the FilmArray G. lamblia assay and commensal
organisms was detected in two specimens (i.e., 7.4% of all Film-
Array G. lamblia detections). All six FP Cryptosporidium speci-
mens tested negative for Cryptosporidium spp. during discrepant
analysis using the enhanced comparator protocols that targeted
the DHFR and TRAPC1 genes. A limitation of the DHFR and
TRAPC1 assays is that information in the NCBI database is only
available for a subset of Cryptosporidium species, so it is not known
if these assays are inclusive for all Cryptosporidium species. There-
fore, additional testing was conducted using real-time PCR target-
ing the 18S gene or conventional PCR using the FilmArray GI
Panel primers, followed by sequencing. Cryptosporidium DNA
was identified in all six specimens using the additional molecular
testing. Species discrimination was possible in five of the six cases,
and two Cryptosporidium ubiquitum, two Cryptosporidium felis,
and one Cryptosporidium parvum organism were identified. C.
ubiquitum and C. felis are rare/emerging Cryptosporidium spp.
that were recently characterized as human pathogens (33–35).
The organisms may be detected in stool by conventional modified
acid-fast stain, but the extent to which these species are recognized
by commercially available Cryptosporidium antigen detection tests
is not well understood (36). Regardless, the FilmArray GI Panel
was able to detect these emerging pathogens.

The commonly used methods to detect viruses from stool in-
clude commercial antigen detection (norovirus GI/GII, rotavirus
A, and adenovirus F) and molecular methods. Antigen detection
tests are consistently less sensitive than are molecular methods for
the detection of norovirus GI/GII (37–39), rotavirus A (40), and
adenovirus F (41). Therefore, this study utilized molecular tests as
the comparator method for all viral FilmArray GI Panel targets.
The FilmArray GI Panel correctly detected more viruses than did

TABLE 6 Results of discrepant analysis

Analyte by FilmArray
GI Panel result

Total
no.

No. with investigation outcomea:

Inconclusive FA correct FA incorrect

False negatives
Campylobacter spp. 1 1b

C. difficile toxin A/B 2 1 1
EAEC 1 1
EPEC 3 3
Shigella spp./EIEC 2 2
Adenovirus F 40/41 2 1 1
Norovirus GI/GII 3 1 2c

Total 14 9 0 5

False positives
Campylobacter spp. 24 5 19d

C. difficile toxin A/B 41 41
P. shigelloides 15 15
Salmonella spp. 6 6
Vibrio spp. 2 2e

V. cholerae 1 1f

EAEC 27 27
EPEC 34 11 23
ETEC 9 6 3g

STEC 5 5
STEC E. coli O157 1 1
Shigella spp./EIEC 2 2
Cryptosporidium spp. 6 6h

G. lamblia 7 1 4 2i

Adenovirus F 40/41 13 2 11
Astrovirus 1 1
Norovirus GI/GII 18 10 8
Rotavirus A 12 1 11
Sapovirus 13 1 12
Total 237 33 199 5

a Inconclusive, discrepant analysis did not help identify the underlying cause of
discrepancy. FA correct, the result of discrepant analysis agreed with original the
FilmArray (FA) result. FA incorrect, the discrepant analysis disagreed with the original
FilmArray result.
b One FA false negative was due to missed detection of C. jejuni subsp. doylei.
c Two FA false negatives were due to missed detection of norovirus GI.
d Culture failed to identify 10 C. upsaliensis, eight C. jejuni, and one C. jejuni subsp.
doylei organism.
e One specimen was determined to contain V. parahaemolyticus, and one contained V.
cholerae.
f Specimen was determined to contain V. cholerae.
g Three FA false positives were identified as cross-reactivity with C. koseri (2) and H.
alvei (1).
h FilmArray detected two C. felis, two C. ubiquitum, one C. parvum, and one
Cryptosporidium spp. organisms for which species was not determined.
i Two FA false positives were identified as cross-reactivity with B. longum and R. callidus
(one each).
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the comparator methods, with a total of five FN viral detections
and 57 FP detections, with 43/57 confirmed by sequencing to con-
tain virus-specific nucleic acid. While laboratories do not com-
monly test for astrovirus and sapovirus, the prevalences of these
pathogens can be relatively high in certain populations (41–44). In
the present study, astrovirus was detected in 0.5% of the speci-
mens tested, whereas sapovirus was the fifth most common patho-
gen detected by the FilmArray GI Panel (after EPEC, C. difficile
toxin A/B, EAEC, and norovirus GI/GII) and was found in 3.8% of
all study specimens. Sapovirus was particularly prevalent in young
children and was detected in 10% of all specimens from children
�1 year old and 7.4% of all specimens from children between 1
and 5 years of age. In fact, all the targeted viruses were found to be
more prevalent in young children than in adults (Table 4). Like
norovirus GI/GII (45, 46), both astrovirus (47, 48) and sapovirus
(49) are thought to be more prevalent during winter months. In-
terestingly, both viruses were detected during this study during
the spring and summer months. As laboratories implement the
FilmArray GI Panel, it will be epidemiologically valuable to con-
firm the true prevalences of these underdiagnosed pathogens.

Similarly, most laboratories do not currently test for all of the
diarrheagenic E. coli types targeted by the FilmArray GI Panel (i.e.,
EAEC, EPEC, ETEC, and EIEC). The diarrheagenic E. coli strains
are considered agents of endemic childhood diarrhea in develop-
ing nations, as well as infantile and traveler’s diarrhea in the de-
veloped world (50). The FilmArray GI Panel detected EPEC,
EAEC, and ETEC in 22.4%, 7%, and 2% of all study specimens,
respectively, indicating that these organisms are commonly asso-
ciated with patients that seek medical care due to IGE in the
United States. Note that the FilmArray GI Panel EPEC assay does
not differentiate between typical and atypical strains. The Film-
Array also detected Shigella spp./EIEC in 49 (3.1%) specimens;
31/49 specimens were culture positive for Shigella spp., and 18/49
were culture negative. It is likely that some of the culture-negative,
FilmArray-positive specimens contained Shigella spp., because the
organism can be difficult to recover in culture (51–53). However,
it is also possible that some of the culture-negative, FilmArray-
positive specimens contained EIEC and would likely have been
missed by standard stool culture protocols.

The high rate of EPEC found in this study was not anticipated,
as EPEC has historically been associated with developing coun-
tries (54), and the true prevalences of these organisms in the
United States are unknown. Recent literature does suggest that
EPEC may be more prevalent in industrialized nations than was
originally thought (55, 56). EPEC strains are a known cause of
both acute and persistent diarrhea in young children (57) and
were identified in this study in 24.8% of all samples collected from
children �1 year of age and 37.1% of all the samples collected
from children between the ages of 1 and 5 years. EPEC strains were
also identified in the specimens collected from older patients in
this study, but prevalence declined with age after the age of five
years (Table 3). While EPEC strains are known to cause childhood
diarrhea, they can also be found in healthy children and adults (55,
57), with unidentified host and organism specific factors likely
involved in the outcome of infection. Consequently, a careful con-
sideration of a patient’s clinical presentation will be necessary to
fully understand the significance of identifying EPEC in stool.
Fecal leukocyte testing may assist providers in determining this
significance, because fecal leukocytes have been associated with
symptomatic EPEC infections (58).

The interpretation of C. difficile toxin A/B detection is also
complicated, especially in children �1 year old, in whom the rate
of asymptomatic colonization with toxigenic C. difficile is high
and clinical illness is rarely reported (59). The American Academy
of Pediatrics does not recommend routine testing for C. difficile in
children �1 year of age and suggests that positive C. difficile results
be interpreted with suspicion in children �3 years old (60). In this
study, toxigenic C. difficile was identified in 40.5% (49 of 121) of
the stool specimens from infants under the age of one. Laborato-
ries that implement the FilmArray GI Panel should consider in
advance how positive C. difficile toxin A/B results in infants and
children will be handled, and laboratories may choose to blind
such results or utilize disclaimers in their reporting. In fact, labo-
ratories may choose not to utilize the FilmArray GI Panel at all for
routine C. difficile testing due to the well-defined clinical situa-
tions that warrant C. difficile testing, in conjunction with the in-
creased cost of multiplex molecular assays and a lack of consensus
related to the most appropriate C. difficile testing methodology
with respect to the outcome of infection (i.e., molecular detection
of the toxin genes versus detection of the toxin) (61–63).

Current stool testing algorithms typically require physicians to
consider which specific pathogens might be associated with indi-
vidual cases of IGE and then choose a testing scheme that ensures
that all the appropriate pathogens are targeted. Given the diverse
array of pathogens associated with IGE and the diversity of specific
testing methodologies, it is not surprising that such a piecemeal
approach often fails to yield positive results. A national outbreak
of cyclosporiasis originated in Iowa and Nebraska during the
course of this study (http://www.cdc.gov/parasites/cyclosporiasis
/outbreaks/investigation-2013.html) and highlighted the benefit
of a panel-based approach to diagnostic testing. C. cayetanensis
was detected by the FilmArray GI Panel in a study specimen from
Nebraska about a week before Cyclospora was detected in the state
using conventional methods (13). Modified acid-fast staining was
not ordered by the providers on the first six (eight in total) Cy-
clospora-positive study specimens, as the outbreak had not yet
been identified. The potential impact of the FilmArray GI Panel
was particularly evident during the Cyclospora sp. outbreak be-
cause the organism is difficult to test for using conventional meth-
ods (i.e., modified acid-fast staining) and is not endemic in the
United States.

In contrast to C. cayetanensis, Shigella spp. are culturable and
relatively prevalent pathogens in the United States. Nevertheless,
the FilmArray GI Panel was shown to be useful during an outbreak
of Shigella that occurred during this study (64). During the out-
break, the FilmArray GI Panel correctly identified more positives
than did culture on the subset of specimens tested by both meth-
ods. Thus, the FilmArray GI Panel does have the potential to pos-
itively impact the detection of pathogens associated with out-
breaks. However, bacterial isolates currently remain essential for
public health surveillance, outbreak investigations, and antimi-
crobial susceptibility testing. Laboratories that implement cul-
ture-independent diagnostic technologies must consider their
state regulations and should ensure that their protocols suffi-
ciently address the potential need for further workup of certain
pathogens.

Given that the Aeromonas target is not reported on the FDA-
cleared version of the FilmArray GI Panel, laboratories that
implement the panel must also consider whether they will offer
Aeromonas culture. Aeromonas spp. are known gastrointestinal
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pathogens in children and adults (65, 66), and in this study, Aero-
monas spp. were present in 3.3% of all specimens (51/1,556).
When implementing the FilmArray GI Panel, laboratories that
have traditionally reported Aeromonas spp. from stool culture
should consider local prevalence in order to determine whether or
not to continue to offer Aeromonas culture from stool. The need to
additionally culture for Aeromonas spp. in some settings may cre-
ate a challenge for laboratories, but BioFire may revisit the issue of
inclusion of Aeromonas spp. in the FilmArray GI Panel in the
future.

In general, the number of targeted pathogens in the FilmArray
GI Panel is a unique strength of the assay; however, this represents
an added challenge when considering the utilization of the test.
There are a multitude of possible pathogen combinations that can
be detected by the FilmArray GI Panel, and in this study, 32.9% of
the FilmArray GI Panel-positive specimens were found to contain
more than one potential pathogen. Khare et al. (23) similarly iden-
tified mixed infections in 27% of the FilmArray GI Panel-positive
specimens. The FilmArray GI Panel is a closed system, and the
high specificities demonstrated in this study illustrate that the
FilmArray GI Panel is not prone to contamination. Regardless,
the significance of detected coinfections may be difficult to under-
stand, as the clinical implications of specific pathogen combina-
tions are not well documented or understood. Furthermore, many
GI pathogens can be shed asymptomatically or for prolonged pe-
riods of time after symptoms subside, further complicating the
interpretation of positive results. For example, norovirus (67) and
Salmonella spp. (68) can both be shed for weeks to months after
symptoms subside, and asymptomatic infection with Cryptospo-
ridium spp. or G. lamblia is not uncommon, especially in children
(69–71). The identification of any combination of these organ-
isms might then confound interpretation of positive FilmArray GI
Panel results. Nevertheless, rapidly determining which potential
pathogens a patient harbors is an important step in formulating an
effective treatment plan and applying appropriate infection con-
trol measures.

In summary, our results indicate that the FilmArray GI Panel is
a sensitive and specific multiplex assay designed for the simulta-
neous detection of 22 different pathogens directly from stool spec-
imens. These data were submitted to the FDA as a part of the
application for 510(k) clearance of the FilmArray GI Panel. Mul-
tiplex molecular assays have the potential to greatly simplify the
current algorithms utilized for the etiologic diagnosis of IGE, in
terms of both ordering practices and laboratory workflow. Due to
the extensive panel of targeted pathogens and the rapid turn-
around time, the FilmArray GI Panel has the potential to direct
appropriate therapy and infection control precautions. Moreover,
the rapid etiologic diagnosis of IGE provided by the FilmArray GI
Panel and other multiplex molecular assays has the potential to
more quickly identify and reduce further transmission in an out-
break of enteric pathogens.

ACKNOWLEDGMENTS

We thank the dedicated laboratory professionals across all of the study
sites, without whom this work would have not been possible. We also
thank Lindsay LeBlanc, Vittal Ponraj, Roxanne Alter, Kathy Everhart,
Tori Enomoto, and Lani Kai Clinton.

This study was designed by BioFire Diagnostics, and funding was pro-
vided by NIH/NIAID grants R01 AI 104593 and R01 AI 089489 to BioFire
Diagnostics, with additional funds from BioFire Diagnostics.

FilmArray GI Panel and stool culture testing was performed at the
clinical study sites, while PCR for comparator and discrepant analysis was
performed at BioFire Diagnostics.

S.N.B., A.L., K.C., P.D.F., and M.J.B. wrote and edited the manuscript.
BioFire employees (M.K.J., M.R., K.J.K., and K.M.B.) wrote and edited
portions of Materials and Methods only. A.L., K.C., P.D.F., and M.J.B.
received grant funding from BioFire Diagnostics and/or participated on
BioFire’s advisory board and speakers bureau.

REFERENCES
1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, Rudan I,

Campbell H, Cibulskis R, Li M, Mathers C, Black RE, Child Health
Epidemiology Reference Group of WHO and UNICEF. 2012. Global,
regional, and national causes of child mortality: an updated systematic
analysis for 2010 with time trends since 2000. Lancet 379:2151–2161. http:
//dx.doi.org/10.1016/S0140-6736(12)60560-1.

2. Marcus R. 2008. New information about pediatric foodborne infections:
the view from FoodNet. Curr Opin Pediatr 20:79 – 84. http://dx.doi.org
/10.1097/MOP.0b013e3282f43067.

3. Guerrant RL, Kosek M, Lima AAM, Lorntz B, Guyatt HL. 2002.
Updating the DALYs for diarrhoeal disease. Trends Parasitol 18:191–193.
http://dx.doi.org/10.1016/S1471-4922(02)02253-5.

4. Scallan E, Griffin PM, Angulo FJ, Tauxe RV, Hoekstra RM. 2011.
Foodborne illness acquired in the United States– unspecified agents.
Emerg Infect Dis 17:16 –22. http://dx.doi.org/10.3201/eid1701.P21101.

5. Dubberke ER, Reske KA, Olsen MA, McDonald LC, Fraser VJ. 2008.
Short- and long-term attributable costs of Clostridium difficile-associated
disease in nonsurgical inpatients. Clin Infect Dis 46:497–504. http://dx
.doi.org/10.1086/526530.

6. Centers for Disease Control and Prevention (CDC). 2012. Vital signs:
preventing Clostridium difficile infections. MMWR Morb Mortal Wkly
Rep 61:157–162.

7. Rovida F, Campanini G, Piralla A, Adzasehoun KMG, Sarasini A,
Baldanti F. 2013. Molecular detection of gastrointestinal viral infections
in hospitalized patients. Diagn Microbiol Infect Dis 77:231–235. http://dx
.doi.org/10.1016/j.diagmicrobio.2013.07.020.

8. Borrows CL, Turner PC. 2014. Seasonal screening for viral gastroenteritis
in young children and elderly hospitalized patients: is it worthwhile? J
Hosp Infect 87:98 –102. http://dx.doi.org/10.1016/j.jhin.2014.02.011.

9. Thielman NM, Guerrant RL. 2004. Acute infectious diarrhea. N Engl J
Med 350:38 – 47. http://dx.doi.org/10.1056/NEJMcp031534.

10. Jones TF. 2012. How useful are stool studies for acute gastroenteritis? J
Infect Dis 205:1334 –1335. http://dx.doi.org/10.1093/infdis/jis215.

11. Keusch GT, Fontaine O, Bhargava A, Boschi-Pinto C, Bhutta ZA,
Gotuzzo E, Rivera J, Chow J, Shahid-Salles S, Laxminarayan R. 2006.
Diarrhealdiseases, p. 372. In Jamison DT, Breman JG, Measham AR, Al-
leyne G, Claeson M, Evans DB, Jha P, Mills A, Musgrove P (ed), Disease
control priorities in developing countries, 2nd ed. World Bank, Washing-
ton, DC.

12. Pawlowski SW, Warren CA, Guerrant R. 2009. Diagnosis and treatment
of acute or persistent diarrhea. Gastroenterology 136:1874 –1886. http:
//dx.doi.org/10.1053/j.gastro.2009.02.072.

13. Buss SN, Alter R, Iwen PC, Fey PD. 2013. Implications of culture-
independent panel-based detection of Cyclospora cayetanensis. J Clin Mi-
crobiol 51:3909. http://dx.doi.org/10.1128/JCM.02238-13.

14. Operario DJ, Houpt E. 2011. Defining the causes of diarrhea: novel
approaches. Curr Opin Infect Dis 24:464 – 471. http://dx.doi.org/10.1097
/QCO.0b013e32834aa13a.

15. Chitkara YK. 2005. Limited value of routine stool cultures in patients
receiving antibiotic therapy. Am J Clin Pathol 123:92–95. http://dx.doi
.org/10.1309/EQP21KEMBB6EHG9B.

16. McHardy IH, Wu M, Shimizu-Cohen R, Couturier MR, Humphries
RM. 2014. Detection of intestinal protozoa in the clinical laboratory. J
Clin Microbiol 52:712–720. http://dx.doi.org/10.1128/JCM.02877-13.

17. Trujillo AA, McCaustland KA, Zheng D-P, Hadley LA, Vaughn G,
Adams SM, Ando T, Glass RI, Monroe SS. 2006. Use of TaqMan real-
time reverse transcription-PCR for rapid detection, quantification, and
typing of norovirus. J Clin Microbiol 44:1405–1412. http://dx.doi.org/10
.1128/JCM.44.4.1405-1412.2006.

18. Verweij JJ, Blangé RA, Templeton K, Schinkel J, Brienen EAT, van
Rooyen MAA, van Lieshout L, Polderman AM. 2004. Simultaneous
detection of Entamoeba histolytica, Giardia lamblia, and Cryptosporidium

Prospective Evaluation of the FilmArray GI Panel

March 2015 Volume 53 Number 3 jcm.asm.org 923Journal of Clinical Microbiology

http://dx.doi.org/10.1016/S0140-6736(12)60560-1
http://dx.doi.org/10.1016/S0140-6736(12)60560-1
http://dx.doi.org/10.1097/MOP.0b013e3282f43067
http://dx.doi.org/10.1097/MOP.0b013e3282f43067
http://dx.doi.org/10.1016/S1471-4922(02)02253-5
http://dx.doi.org/10.3201/eid1701.P21101
http://dx.doi.org/10.1086/526530
http://dx.doi.org/10.1086/526530
http://dx.doi.org/10.1016/j.diagmicrobio.2013.07.020
http://dx.doi.org/10.1016/j.diagmicrobio.2013.07.020
http://dx.doi.org/10.1016/j.jhin.2014.02.011
http://dx.doi.org/10.1056/NEJMcp031534
http://dx.doi.org/10.1093/infdis/jis215
http://dx.doi.org/10.1053/j.gastro.2009.02.072
http://dx.doi.org/10.1053/j.gastro.2009.02.072
http://dx.doi.org/10.1128/JCM.02238-13
http://dx.doi.org/10.1097/QCO.0b013e32834aa13a
http://dx.doi.org/10.1097/QCO.0b013e32834aa13a
http://dx.doi.org/10.1309/EQP21KEMBB6EHG9B
http://dx.doi.org/10.1309/EQP21KEMBB6EHG9B
http://dx.doi.org/10.1128/JCM.02877-13
http://dx.doi.org/10.1128/JCM.44.4.1405-1412.2006
http://dx.doi.org/10.1128/JCM.44.4.1405-1412.2006
http://jcm.asm.org


parvum in fecal samples by using multiplex real-time PCR. J Clin Micro-
biol 42:1220 –1223. http://dx.doi.org/10.1128/JCM.42.3.1220-1223.2004.

19. Oka T, Katayama K, Hansman GS, Kageyama T, Ogawa S, Wu F-T,
White PA, Takeda N. 2006. Detection of human sapovirus by real-time
reverse transcription-polymerase chain reaction. J Med Virol 78:1347–
1353. http://dx.doi.org/10.1002/jmv.20699.

20. Clopper CJ, Pearson ES. 1934. The use of confidence or fiducial limits
illustrated in the case of the binomial. Biometrika 26:404. http://dx.doi
.org/10.1093/biomet/26.4.404.

21. Vanniasinkam T, Lanser JA, Barton MD. 1999. PCR for the detection of
Campylobacter spp. in clinical specimens. Lett Appl Microbiol 28:52–56.
http://dx.doi.org/10.1046/j.1365-2672.1999.00474.x.

22. de Boer RF, Ott A, Kesztyus B, Kooistra-Smid AMD. 2010. Improved
detection of five major gastrointestinal pathogens by use of a molecular
screening approach. J Clin Microbiol 48:4140 – 4146. http://dx.doi.org/10
.1128/JCM.01124-10.

23. Khare R, Espy MJ, Cebelinski E, Boxrud D, Sloan LM, Cunningham SA,
Pritt BS, Patel R, Binnicker MJ. 2014. Comparative evaluation of two
commercial multiplex panels for detection of gastrointestinal pathogens
by use of clinical stool specimens. J Clin Microbiol 52:3667–3673. http:
//dx.doi.org/10.1128/JCM.01637-14.

24. Megraud F, Bonnet F. 1986. Unusual campylobacters in human faeces. J
Infect 12:275–276. http://dx.doi.org/10.1016/S0163-4453(86)94398-7.

25. Bolton FJ, Hutchinson DN, Parker G. 1987. Isolation of Campylobacter:
what are we missing? J Clin Pathol 40:702–703. http://dx.doi.org/10.1136
/jcp.40.6.702-b.

26. Bourke B, Chan VL, Sherman P. 1998. Campylobacter upsaliensis: waiting
in the wings. Clin Microbiol Rev 11:440 – 449.

27. Jenkin GA, Tee W. 1998. Campylobacter upsaliensis-associated diarrhea
in human immunodeficiency virus-infected patients. Clin Infect Dis 27:
816 – 821. http://dx.doi.org/10.1086/514957.

28. Moore JE, Corcoran D, Dooley JSG, Fanning S, Lucey B, Matsuda M,
McDowell DA, Mégraud F, Millar BC, O’Mahony R, O’Riordan L,
O’Rourke M, Rao JR, Rooney PJ, Sails A, Whyte P. 2005. Campylobac-
ter. Vet Res 36:351–382. http://dx.doi.org/10.1051/vetres:2005012.

29. Byrne C, Doherty D, Mooney A, Byrne M, Woodward D, Johnson W,
Rodgers F, Bourke B. 2001. Basis of the superiority of cefoperazone
amphotericin teicoplanin for isolating Campylobacter upsaliensis from
stools. J Clin Microbiol 39:2713–2716. http://dx.doi.org/10.1128/JCM.39
.7.2713-2716.2001.

30. Svraka-Latifovic S, Bouter S, Naus H, Bakker LJ, Timmerman CP,
Dorigo-Zetsma JW. 2014. Impact of transition from microscopy to mo-
lecular screening for detection of intestinal protozoa in Dutch patients.
Clin Microbiol Infect 20:O969 –O971. http://dx.doi.org/10.1111/1469
-0691.12623.

31. Sharp SE, Suarez CA, Duran Y, Poppiti RJ. 2001. Evaluation of the triage
micro parasite panel for detection of Giardia lamblia, Entamoeba histo-
lytica/Entamoeba dispar, and Cryptosporidium parvum in patient stool
specimens. J Clin Microbiol 39:332–334. http://dx.doi.org/10.1128/JCM
.39.1.332-334.2001.

32. Van Lint P, Rossen JW, Vermeiren S, Ver Elst K, Weekx S, Van
Schaeren J, Jeurissen A. 2013. Detection of Giardia lamblia, Cryptospo-
ridium spp. and Entamoeba histolytica in clinical stool samples by using
multiplex real-time PCR after automated DNA isolation. Acta Clin Belg
68:188 –192. http://dx.doi.org/10.2143/ACB.3170.

33. Li N, Xiao L, Alderisio K, Elwin K, Cebelinski E, Chalmers R, Santin M,
Fayer R, Kvac M, Ryan U, Sak B, Stanko M, Guo Y, Wang L, Zhang L,
Cai J, Roellig D, Feng Y. 2014. Subtyping Cryptosporidium ubiquitum, a
zoonotic pathogen emerging in humans. Emerg Infect Dis 20:217–224.
http://dx.doi.org/10.3201/eid2002.121797.

34. Cieloszyk J, Goñi P, García A, Remacha MA, Sánchez E, Clavel A. 2012.
Two cases of zoonotic cryptosporidiosis in Spain by the unusual species
Cryptosporidium ubiquitum and Cryptosporidium felis. Enferm Infecc Mi-
crobiol Clin 30:549 –551. http://dx.doi.org/10.1016/j.eimc.2012.04.011.

35. Fayer R, Santín M, Macarisin D. 2010. Cryptosporidium ubiquitum n. sp.
in animals and humans. Vet Parasitol 172:23–32. http://dx.doi.org/10
.1016/j.vetpar.2010.04.028.

36. Chalmers RM, Campbell BM, Crouch N, Charlett A, Davies AP. 2011.
Comparison of diagnostic sensitivity and specificity of seven Cryptospo-
ridium assays used in the UK. J Med Microbiol 60:1598 –1604. http://dx
.doi.org/10.1099/jmm.0.034181-0.

37. Kele B, Lengyel G, Deak J. 2011. Comparison of an ELISA and two
reverse transcription polymerase chain reaction methods for norovirus

detection. Diagn Microbiol Infect Dis 70:475– 478. http://dx.doi.org/10
.1016/j.diagmicrobio.2011.04.002.

38. Castriciano S, Luinstra K, Petrich A, Smieja M, Lee C, Jang D, Portillo
E, Chernesky M. 2007. Comparison of the RIDASCREEN norovirus en-
zyme immunoassay to IDEIA NLV GI/GII by testing stools also assayed by
RT-PCR and electron microscopy. J Virol Methods 141:216 –219. http:
//dx.doi.org/10.1016/j.jviromet.2006.12.001.

39. Siqueira JAM, Linhares dada C, Oliveira Dde S, Soares Lda S, Lucena
MS, Wanzeller ALM, Mascarenhas JDP, Gabbay YB. 2011. Evaluation of
third-generation RIDASCREEN enzyme immunoassay for the detection
of norovirus antigens in stool samples of hospitalized children in Belém,
Pará, Brazil. Diagn Microbiol Infect Dis 71:391–395. http://dx.doi.org/10
.1016/j.diagmicrobio.2011.08.023.

40. Gautam R, Lyde F, Esona MD, Quaye O, Bowen MD. 2013. Comparison
of Premier Rotaclone, ProSpecT, and RIDASCREEN rotavirus enzyme
immunoassay kits for detection of rotavirus antigen in stool specimens. J
Clin Virol 58:292–294. http://dx.doi.org/10.1016/j.jcv.2013.06.022.

41. Wolffs PFG, Bruggeman CA, van Well GTJ, van Loo IHM. 2011.
Replacing traditional diagnostics of fecal viral pathogens by a comprehen-
sive panel of real-time PCRs. J Clin Microbiol 49:1926 –1931. http://dx.doi
.org/10.1128/JCM.01925-10.

42. Ham H, Oh S, Jang J, Jo S, Choi S, Pak S. 2014. Prevalence of human
astrovirus in patients with acute gastroenteritis. Ann Lab Med 34:145–147.
http://dx.doi.org/10.3343/alm.2014.34.2.145.

43. Rosenfeldt V, Vesikari T, Pang X-L, Zeng S-Q, Tvede M, Paerregaard A.
2005. Viral etiology and incidence of acute gastroenteritis in young chil-
dren attending day-care centers. Pediatr Infect Dis J 24:962–965. http://dx
.doi.org/10.1097/01.inf.0000183748.41027.a4.

44. Lee LE, Cebelinski EA, Fuller C, Keene WE, Smith K, Vinjé J, Besser
JM. 2012. Sapovirus outbreaks in long-term care facilities, Oregon and
Minnesota, USA, 2002–2009. Emerg Infect Dis 18:873– 876. http://dx.doi
.org/10.3201/eid1805.111843.

45. Rohayem J. 2009. Norovirus seasonality and the potential impact of cli-
mate change. Clin Microbiol Infect 15:524 –527. http://dx.doi.org/10
.1111/j.1469-0691.2009.02846.x.

46. Verhoef L, Depoortere E, Boxman I, Duizer E, van Duynhoven Y,
Harris J, Johnsen C, Kroneman A, Le Guyader S, Lim W, Maunula L,
Meldal H, Ratcliff R, Reuter G, Schreier E, Siebenga J, Vainio K, Varela
C, Vennema H, Koopmans M, Food Borne Viruses in Europe Network.
2008. Emergence of new norovirus variants on spring cruise ships and
prediction of winter epidemics. Emerg Infect Dis 14:238 –243. http://dx
.doi.org/10.3201/eid1402.061567.

47. Mustafa H, Palombo EA, Bishop RF. 2000. Epidemiology of astrovirus
infection in young children hospitalized with acute gastroenteritis in Mel-
bourne, Australia, over a period of four consecutive years, 1995 to 1998. J
Clin Microbiol 38:1058 –1062.

48. Lew JF, Glass RI, Petric M, Lebaron CW, Hammond GW, Miller SE,
Robinson C, Boutilier J, Riepenhoff-Talty M, Payne CM, Franklin R,
Oshiro LS, Jaqua MJ. 1990. Six-year retrospective surveillance of gastro-
enteritis viruses identified at ten electron microscopy centers in the United
States and Canada. Pediatr Infect Dis J 9:709 –714. http://dx.doi.org/10
.1097/00006454-199010000-00005.

49. Dey SK, Phathammavong O, Nguyen TD, Thongprachum A, Chan-It
W, Okitsu S, Mizuguchi M, Ushijima H. 2012. Seasonal pattern and
genotype distribution of sapovirus infection in Japan, 2003–2009. Epide-
miol Infect 140:74 –77. http://dx.doi.org/10.1017/S0950268811000240.

50. Croxen MA, Law RJ, Scholz R, Keeney KM, Wlodarska M, Finlay BB.
2013. Recent advances in understanding enteric pathogenic Escherichia
coli. Clin Microbiol Rev 26:822– 880. http://dx.doi.org/10.1128/CMR
.00022-13.

51. Buchan BW, Olson WJ, Pezewski M, Marcon MJ, Novicki T, Uphoff
TS, Chandramohan L, Revell P, Ledeboer NA. 2013. Clinical evaluation
of a real-time PCR assay for identification of Salmonella, Shigella, Campy-
lobacter (Campylobacter jejuni and C. coli), and Shiga toxin-producing
Escherichia coli isolates in stool specimens. J Clin Microbiol 51:4001– 4007.
http://dx.doi.org/10.1128/JCM.02056-13.

52. Dutta S, Chatterjee A, Dutta P, Rajendran K, Roy S, Pramanik KC,
Bhattacharya SK. 2001. Sensitivity and performance characteristics of a
direct PCR with stool samples in comparison to conventional techniques
for diagnosis of Shigella and enteroinvasive Escherichia coli infection in
children with acute diarrhoea in Calcutta, India. J Med Microbiol 50:667–
674.

53. Lindsay B, Pop M, Antonio M, Walker AW, Mai V, Ahmed D, Oundo

Buss et al.

924 jcm.asm.org March 2015 Volume 53 Number 3Journal of Clinical Microbiology

http://dx.doi.org/10.1128/JCM.42.3.1220-1223.2004
http://dx.doi.org/10.1002/jmv.20699
http://dx.doi.org/10.1093/biomet/26.4.404
http://dx.doi.org/10.1093/biomet/26.4.404
http://dx.doi.org/10.1046/j.1365-2672.1999.00474.x
http://dx.doi.org/10.1128/JCM.01124-10
http://dx.doi.org/10.1128/JCM.01124-10
http://dx.doi.org/10.1128/JCM.01637-14
http://dx.doi.org/10.1128/JCM.01637-14
http://dx.doi.org/10.1016/S0163-4453(86)94398-7
http://dx.doi.org/10.1136/jcp.40.6.702-b
http://dx.doi.org/10.1136/jcp.40.6.702-b
http://dx.doi.org/10.1086/514957
http://dx.doi.org/10.1051/vetres:2005012
http://dx.doi.org/10.1128/JCM.39.7.2713-2716.2001
http://dx.doi.org/10.1128/JCM.39.7.2713-2716.2001
http://dx.doi.org/10.1111/1469-0691.12623
http://dx.doi.org/10.1111/1469-0691.12623
http://dx.doi.org/10.1128/JCM.39.1.332-334.2001
http://dx.doi.org/10.1128/JCM.39.1.332-334.2001
http://dx.doi.org/10.2143/ACB.3170
http://dx.doi.org/10.3201/eid2002.121797
http://dx.doi.org/10.1016/j.eimc.2012.04.011
http://dx.doi.org/10.1016/j.vetpar.2010.04.028
http://dx.doi.org/10.1016/j.vetpar.2010.04.028
http://dx.doi.org/10.1099/jmm.0.034181-0
http://dx.doi.org/10.1099/jmm.0.034181-0
http://dx.doi.org/10.1016/j.diagmicrobio.2011.04.002
http://dx.doi.org/10.1016/j.diagmicrobio.2011.04.002
http://dx.doi.org/10.1016/j.jviromet.2006.12.001
http://dx.doi.org/10.1016/j.jviromet.2006.12.001
http://dx.doi.org/10.1016/j.diagmicrobio.2011.08.023
http://dx.doi.org/10.1016/j.diagmicrobio.2011.08.023
http://dx.doi.org/10.1016/j.jcv.2013.06.022
http://dx.doi.org/10.1128/JCM.01925-10
http://dx.doi.org/10.1128/JCM.01925-10
http://dx.doi.org/10.3343/alm.2014.34.2.145
http://dx.doi.org/10.1097/01.inf.0000183748.41027.a4
http://dx.doi.org/10.1097/01.inf.0000183748.41027.a4
http://dx.doi.org/10.3201/eid1805.111843
http://dx.doi.org/10.3201/eid1805.111843
http://dx.doi.org/10.1111/j.1469-0691.2009.02846.x
http://dx.doi.org/10.1111/j.1469-0691.2009.02846.x
http://dx.doi.org/10.3201/eid1402.061567
http://dx.doi.org/10.3201/eid1402.061567
http://dx.doi.org/10.1097/00006454-199010000-00005
http://dx.doi.org/10.1097/00006454-199010000-00005
http://dx.doi.org/10.1017/S0950268811000240
http://dx.doi.org/10.1128/CMR.00022-13
http://dx.doi.org/10.1128/CMR.00022-13
http://dx.doi.org/10.1128/JCM.02056-13
http://jcm.asm.org


J, Tamboura B, Panchalingam S, Levine MM, Kotloff K, Li S, Magder
LS, Paulson JN, Liu B, Ikumapayi U, Ebruke C, Dione M, Adeyemi M,
Rance R, Stares MD, Ukhanova M, Barnes B, Lewis I, Ahmed F, Alam
MT, Amin R, Siddiqui S, Ochieng JB, Ouma E, Juma J, Mailu E, Omore
R, O’Reilly CE, Hannis J, Manalili S, Deleon J, Yasuda I, Blyn L,
Ranken R, Li F, Housley R, Ecker DJ, Hossain MA, Breiman RF, Morris
JG, McDaniel TK, Parkhill J, Saha D, Sampath R, Stine OC, Nataro JP.
2013. Survey of culture, goldengate assay, universal biosensor assay, and
16S rRNA gene sequencing as alternative methods of bacterial pathogen
detection. J Clin Microbiol 51:3263–3269. http://dx.doi.org/10.1128/JCM
.01342-13.

54. Trabulsi LR, Keller R, Tardelli Gomes TA. 2002. Typical and atypical
enteropathogenic Escherichia coli. Emerg Infect Dis 8:508 –513. http://dx
.doi.org/10.3201/eid0805.010385.

55. Ochoa TJ, Barletta F, Contreras C, Mercado E. 2008. New insights into
the epidemiology of enteropathogenic Escherichia coli infection. Trans R
Soc Trop Med Hyg 102:852– 856. http://dx.doi.org/10.1016/j.trstmh.2008
.03.017.

56. Cohen MB, Nataro JP, Bernstein DI, Hawkins J, Roberts N, Staat MA.
2005. Prevalence of diarrheagenic Escherichia coli in acute childhood en-
teritis: a prospective controlled study. J Pediatr 146:54 – 61. http://dx.doi
.org/10.1016/j.jpeds.2004.08.059.

57. Ochoa TJ, Contreras CA. 2011. Enteropathogenic E. coli (EPEC) infec-
tion in children. Curr Opin Infect Dis 24:478 – 483. http://dx.doi.org/10
.1097/QCO.0b013e32834a8b8b.

58. Mercado EH, Ochoa TJ, Ecker L, Cabello M, Durand D, Barletta F,
Molina M, Gil AI, Huicho L, Lanata CF, Cleary TG. 2011. Fecal leuko-
cytes in children infected with diarrheagenic Escherichia coli. J Clin Micro-
biol 49:1376 –1381. http://dx.doi.org/10.1128/JCM.02199-10.

59. Jangi S, Lamont JT. 2010. Asymptomatic colonization by Clostridium
difficile in infants: implications for disease in later life. J Pediatr Gastroen-
terol Nutr 51:2–7. http://dx.doi.org/10.1097/MPG.0b013e3181d29767.

60. Schutze GE, Willoughby RE, Committee on Infectious Diseases, Amer-
ican Academy of Pediatrics. 2013. Clostridium difficile infection in infants
and children. Pediatrics 131:196 –200. http://dx.doi.org/10.1542/peds
.2012-2992.

61. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC,
Pepin J, Wilcox MH, Society for Healthcare Epidemiology of America,
Infectious Diseases Society of America. 2010. Clinical practice guidelines
for Clostridium difficile infection in adults: 2010 update by the Society for
Healthcare Epidemiology of America (SHEA) and the Infectious Diseases

Society of America (IDSA). Infect Control Hosp Epidemiol 31:431– 455.
http://dx.doi.org/10.1086/651706.

62. Planche TD, Davies KA, Coen PG, Finney JM, Monahan IM, Morris
KA, O’Connor L, Oakley SJ, Pope CF, Wren MW, Shetty NP, Crook
DW, Wilcox MH. 2013. Differences in outcome according to Clostridium
difficile testing method: a prospective multicentre diagnostic validation
study of C. difficile infection. Lancet Infect Dis 13:936 –945. http://dx.doi
.org/10.1016/S1473-3099(13)70200-7.

63. Carroll KC. 2011. Tests for the diagnosis of Clostridium difficile infection:
the next generation. Anaerobe 17:170 –174. http://dx.doi.org/10.1016/j
.anaerobe.2011.01.002.

64. Prakash VP, McVeigh L, Williams K, Flores-Cortez EJ, Simmons D,
Quilliam D, Rhode Island Department of Health Laboratory, Alexander
N, Chapin K. 2014. Utility of a multiplex gastrointestinal panel to aid in
epidemiological outbreak investigation of Shigella; abstr. C-1111. 114th
Gen Meet Am Soc Microbiol, 17 to 20 May 2014, Boston, MA.

65. George WL, Nakata MM, Thompson J, White ML. 1985. Aeromonas-
related diarrhea in adults. Arch Intern Med 145:2207–2211. http://dx.doi
.org/10.1001/archinte.1985.00360120079013.

66. Gracey M, Burke V, Robinson J. 1982. Aeromonas-associated gastroen-
teritis. Lancet ii:1304 –1306.

67. Atmar RL, Opekun AR, Gilger MA, Estes MK, Crawford SE, Neill FH,
Graham DY. 2008. Norwalk virus shedding after experimental human infec-
tion. Emerg Infect Dis 14:1553–1557. http://dx.doi.org/10.3201/eid1410
.080117.

68. Buchwald DS, Blaser MJ. 1984. A review of human salmonellosis: II.
Duration of excretion following infection with nontyphi Salmonella. Rev
Infect Dis 6:345–356.

69. Pettoello-Mantovani M, Di Martino L, Dettori G, Vajro P, Scotti S,
Ditullio MT, Guandalini S. 1995. Asymptomatic carriage of intestinal
Cryptosporidium in immunocompetent and immunodeficient children: a
prospective study. Pediatr Infect Dis J 14:1042–1047. http://dx.doi.org/10
.1097/00006454-199512000-00003.

70. Davies AP, Campbell B, Evans MR, Bone A, Roche A, Chalmers RM.
2009. Asymptomatic carriage of protozoan parasites in children in day
care centers in the United Kingdom. Pediatr Infect Dis J 28:838 – 840. http:
//dx.doi.org/10.1097/INF.0b013e31819d646d.

71. Ish-Horowicz M, Korman SH, Shapiro M, Har-Even U, Tamir I, Strauss N,
Deckelbaum RJ. 1989. Asymptomatic giardiasis in children. Pediatr Infect
Dis J 8:773–779. http://dx.doi.org/10.1097/00006454-198911000-00009.

Prospective Evaluation of the FilmArray GI Panel

March 2015 Volume 53 Number 3 jcm.asm.org 925Journal of Clinical Microbiology

http://dx.doi.org/10.1128/JCM.01342-13
http://dx.doi.org/10.1128/JCM.01342-13
http://dx.doi.org/10.3201/eid0805.010385
http://dx.doi.org/10.3201/eid0805.010385
http://dx.doi.org/10.1016/j.trstmh.2008.03.017
http://dx.doi.org/10.1016/j.trstmh.2008.03.017
http://dx.doi.org/10.1016/j.jpeds.2004.08.059
http://dx.doi.org/10.1016/j.jpeds.2004.08.059
http://dx.doi.org/10.1097/QCO.0b013e32834a8b8b
http://dx.doi.org/10.1097/QCO.0b013e32834a8b8b
http://dx.doi.org/10.1128/JCM.02199-10
http://dx.doi.org/10.1097/MPG.0b013e3181d29767
http://dx.doi.org/10.1542/peds.2012-2992
http://dx.doi.org/10.1542/peds.2012-2992
http://dx.doi.org/10.1086/651706
http://dx.doi.org/10.1016/S1473-3099(13)70200-7
http://dx.doi.org/10.1016/S1473-3099(13)70200-7
http://dx.doi.org/10.1016/j.anaerobe.2011.01.002
http://dx.doi.org/10.1016/j.anaerobe.2011.01.002
http://dx.doi.org/10.1001/archinte.1985.00360120079013
http://dx.doi.org/10.1001/archinte.1985.00360120079013
http://dx.doi.org/10.3201/eid1410.080117
http://dx.doi.org/10.3201/eid1410.080117
http://dx.doi.org/10.1097/00006454-199512000-00003
http://dx.doi.org/10.1097/00006454-199512000-00003
http://dx.doi.org/10.1097/INF.0b013e31819d646d
http://dx.doi.org/10.1097/INF.0b013e31819d646d
http://dx.doi.org/10.1097/00006454-198911000-00009
http://jcm.asm.org

	Multicenter Evaluation of the BioFire FilmArray Gastrointestinal Panel for Etiologic Diagnosis of Infectious Gastroenteritis
	MATERIALS AND METHODS
	Clinical specimens.
	Stool culture comparator testing.
	FilmArray GI Panel testing.
	Real-time PCR and sequencing for comparator analysis.
	Results and discrepant analysis.
	Calculations and statistical analysis.

	RESULTS
	Demographics.
	Summary of FilmArray GI Panel findings.
	FilmArray GI Panel performance.
	Discrepant analysis.
	Aeromonas.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


