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ABSTRACT
Objectives The primary aim is to provide a summary 
of evidence for the diagnostic accuracies of multiplex 
PCR gastrointestinal (GI) panels—BioFire FilmArray 
and Luminex xTAG on the detection of gastroenteritis 
pathogens. The secondary aim is to compare the 
performance of these GI panels head to head.
Methods A comprehensive search up to 1 December 
2019 was conducted on PubMed, Embase, Ovid Medline 
and Web of Science for studies that used FilmArray or 
Luminex xTAG Gastrointestinal Pathogen Panel (GPP) 
for diagnosis of acute gastroenteritis. A summary 
of diagnostic accuracies for the 16 pathogens were 
calculated by comparing the GI panels to the current 
gold standards (conventional standard microbiology 
techniques such as culture or PCR for bacteria, PCR or 
enzyme immunoassay (EIA) for viruses, microscopy or EIA 
for parasite). Hierarchical summary receiver operating 
characteristic (HSROC) curve analysis, pretest and post- 
test probabilities were used for estimating the pathogen 
detection performance.
Results A total of 11 studies with 7085 stool samples 
were eligible for analysis. Multiplex PCRs demonstrated 
high diagnostic accuracy, with specificity ≧0.98 and area 
under the ROC curve (AUROC) ≧0.97 for all the pathogens 
except for Yersinia enterocolitica (AUROC 0.91). The 
FilmArray panel demonstrated a higher sensitivity than 
xTAG GPP for most of the pathogens with the exception of 
Rotavirus A (xTAG GPP and FilmArray were both 0.93).
Conclusions This is the first meta- analysis that is a 
head- to- head comparison examining the performance 
of the novel multiplex PCR- based tests Luminex xTAG 
GPP and FilmArray GI panel in detecting each pathogen. 
Point estimates calculated from eligible studies showed 
that both GI panels are highly accurate and may provide 
important diagnostic information for early identification of 
gastroenteritis. In addition, although FilmArray has higher 
sensitivity and post- test probability than xTAG GPP for 
most of the pathogens, how this will translate to a clinical 
setting remains unclear.

INTRODUCTION
Every year, there are about 2 billion cases of 
diarrhoeal disease worldwide.1 Most cases of 

gastroenteritis are due to infections which 
include viral, bacterial and, less frequently, 
parasitic. Norovirus is the most common 
cause of acute gastroenteritis in young chil-
dren and infants in the USA,2 while severe 
diarrhoea is typically associated with bacterial 
causes.3 Furthermore, infectious diarrhoea is 
a frequent and serious complication in immu-
nocompromised patients.4 As diarrhoeal 
diseases remain a leading cause of morbidity 
and mortality worldwide, the rapid accu-
rate diagnosis of the underlying pathogen is 

Summary box

What is already known about this subject?
 ► Recently, there has been tremendous interest in 
the development of multiplex molecular assays 
for the rapid detection and identification of patho-
gens responsible for causing diarrhoeal illness. 
Our review focuses on the first two Food and Drug 
Association- approved multiplex assays: FilmArray 
Gastrointestinal (GI) Panel and Luminex xTAG 
Gastrointestinal Pathogen Panel (GPP).

What are the new findings?
 ► Our study found that both FilmArray and GPP have 
high diagnostic accuracy. However, in comparison to 
GPP, the FilmArray GI panel demonstrated superior 
performance with higher sensitivity and summary 
area under the receiver operating characteristic 
curve than xTAG GPP. While there is significant sta-
tistical difference in their performances, how this 
will translate to a clinical setting remains unclear.

How might it impact on clinical practice in the 
foreseeable future?

 ► These results are essential to guide the advance-
ment of multiplex technology and its implementa-
tion in the clinical world as our study suggests that 
multiplex assays can significantly enhance diag-
nostic output in the evaluation of acute diarrhoeal 
illness.
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crucial for identifying any potential complications and to 
optimise treatment, particularly in patients with severe 
illness, significant comorbidities or high- risk features.5 6

Conventional diagnostic methods, such as stool 
cultures, enzyme immunoassays (EIA) and one- target 
PCR assays, are time- consuming, laborious and operator 
dependent.7 In light of these limitations, the develop-
ment of multiplex molecular assays has generated consid-
erable interest. Multiplex molecular assays rapidly detect 
a wide range of bacterial, viral and parasitic pathogens 
simultaneously, reducing turnaround time and allowing 
for detection of coinfections. There are a number of US 
Food and Drug Association (FDA)- cleared multiplex 
panels available today for detecting gastrointestinal (GI) 
pathogens, each with pros and cons. Particularly, the 
FilmArrayGI Panel and the Luminex xTAG Gastroin-
testinal Pathogen Panel (GPP), which are the first two 
FDA- approved multiplex assays. The FilmArray GI panel 
is a qualitative, highly multiplexed PCR test that targets 
22 pathogens (13 bacterial, 5 viral and 4 parasitic) from 
stool samples.8 On the other hand, the Luminex xTAG 
GPP is a multiplexed molecular test for 15 GI pathogens 
(9 bacterial, 3 viral and 3 parasitic) with overall sensitivity 
and specificity greater than 90% compared with conven-
tional methods.9

In addition, FilmArray is a Clinical Laboratory Improve-
ment Amendments (CLIA) - waived end- to- end system 
that requires minimal hands- on processing time (2 min 
per run) and offers a rapid turnaround time (~1 hour 
per run), making it suitable for use in the points of care 
outside the central laboratory, such as clinic, emergency 
room and military. In contrast, xTAG GPP, although 
a longer turnaround time of 3.5 hours, can analyse 96 
samples at a time and accommodate 192 samples in a 
shift of 7–8 hours, making it optimal for high- volume 
reference laboratories.

Studies have shown, however, that the diagnostic 
accuracy for each pathogen varies among the different 
multiplex platforms.10 Therefore, the primary aim of 
this systematic review and meta- analysis is to evaluate 
the diagnostic value and reliability of xTAG GPP and 
FilmArray in detecting GI infections, and the secondary 
aim is to compare the diagnostic accuracies of xTAG GPP 
and FilmArray GI panel for each pathogen.

METHODS
The protocol of our study was based on the Preferred 
Reporting Items for Systematic Reviews and Meta- 
analyses(PRISMA) statement11 12 and the standard 
guideline for systematic reviews of diagnostic tests by the 
Cochrane Collaboration.

Search strategy
A comprehensive search of literature was conducted 
using three databases: PubMed (from January 2016 to 
Dec 2019), Embase (from January 2016 to Dec 2019), 
Ovid Medline (from January 2016 to Dec 2019) and 

Web of Science (from January 2016 to Dec 2019). The 
detailed search strategy is provided in online supple-
mental material S1. The search was then supplemented 
by manual searching of bibliographies of retrieved full- 
text articles and the latest narrative reviews. The articles 
before 2016 were supplemented by a previous systematic 
review.8

Study selection
Studies were included if they (1) included patients with 
acute diarrhoea, suspected secondary to infectious gastro-
enteritis, with tests (stool samples) from hospitals or clinics; 
(2) assessed the accuracy of xTAG GI panel or FilmArray 
GI panel; (3) used conventional standard microbiology 
techniques as comparators, such as culture or PCR for 
bacteria, PCR or EIA for viruses and microscopy or EIA 
for parasites and (4) provided sufficient information to 
calculate sensitivity and specificity. Studies were excluded 
if they (1) only analysed confirmed positive specimens 
without negative controls, (2) included spiked samples or 
swab testing, or (3) used other partial multiplex tests. We 
excluded reviews, case reports, editorials and opinions, 
letters, poster presentations without supporting abstracts 
or meeting abstracts without sufficient details on test 
performance. Two reviewers independently screened the 
titles and abstracts. Disagreements or uncertainties were 
resolved by consensus meeting after discussion with the 
senior author (C- CL).

Data extraction
We extracted the following characteristics for anal-
ysis: author, publish year, article title, country, data 
collecting time, clinical setting, mean age, case number, 
male proportion, GI panel used, pathogens, sensitivity, 
specificity, patient inclusion criteria, gold standard or 
reference. The 2×2 tables were further used to calcu-
late sensitivities and specificities of the target assays. For 
the reference methods, conventional standard microbi-
ology techniques, such as culture or PCR for bacteria, 
PCR or EIA for viruses, microscopy or EIA for parasites 
were grouped together because they are universally 
recognised as the reference standard.8 Composite refer-
ence standard was defined as a standard that used more 
than one comparator assays. Children were defined as 
patients younger than 18 years. Studies that included 
both children and adult population were categorised as 
mixed population. There are five studies that included 
discordant analysis. Discordant analysis means further 
analysing discordant results between routine reference 
tests and GI panels using an additional method, such as 
singleplex PCR, sequencing or other multiplex panels, 
to confirm the final results. Samples were considered 
true positives if they tested positive by both routine refer-
ence tests and GI panels and did not require additional 
testing. Samples were considered true negative if they 
tested negative by both routine reference tests and GI 
panels.
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Quality assessment
The quality of the eligible studies was independently 
assessed by two reviewers using the Quality Assessment of 
Diagnostic Accuracy Studies 2 tool (QUADAS-2).13 Any 
disagreements were resolved by consensus or arbitration. 
Assessment was done across 4 domains of bias (patient 
selection, index test, reference standard and flow and 
timing). For each diagnostic study, we determined the 
risk for bias and general applicability in all four domains 
of QUADAS-2 and reported them separately. Those with 
low risk of bias or low concern regarding applicability 
were judged as low. A study would be judged as unclear if 
there were insufficient data for interpretation. We added 
several questions to evaluate the quality of included 
studies. The tailored QUADAS-2 form and guidance 
notes are provided in online supplemental material S2.

Data synthesis and statistical analysis
A bivariate random effect model was applied to estimate 
summary sensitivity and specificity with 95% CIs.14 The 
positive likelihood ratios (LR+) and negative LR (LR−) 
were then calculated from summary sensitivity and 
specificity. The bivariate model approach modelled the 
sensitivity and specificity simultaneously to account for 
the inherent negative correlation between sensitivity 

and specificity that may arise due to different thresh-
olds in different studies. In addition, the bivariate model 
could also account for between- study heterogeneity. We 
constructed a hierarchical summary receiver operating 
characteristic (HSROC) curve and calculated the area 
under the ROC curve (AUROC).15 Fagan plot analyses 
were conducted to infer positive and negative post- test 
probabilities. A pretest probability of the pathogen 
was estimated by the number of symptomatic cases in 
selected studies. The degree of between- study heteroge-
neity was calculated using the I2 test.16 A two- sided p<0.05 
indicates statistical significance for all tests. All analyses 
except for the summary ROC were performed by the 
‘mada’ package in R software (R Foundation for Statis-
tical Computing, Vienna, Austria; http://www. r- project. 
org/). The summary ROC and AUROC was calculated by 
the ‘midas’ package in STATA cer V.11 (STATA).

RESULTS
Identification of studies
After two rounds of inclusion and exclusion (figure 1), 
11 studies with 21 data sets and 7085 stool samples were 
included in this analysis. Different studies were consoli-
dated as one data set if they compared the same multiplex 

Figure 1 PRISMA flow diagram for selection of articles for meta- analysis. aThese 23 additional studies were identified from 
the inclusion studies of a systematic review: multiplex tests to identify gastrointestinal bacteria, viruses and parasites in people 
with suspected infectious gastroenteritis: a systematic review and economic analysis. The systematic review had the same 
inclusion and exclusion criteria as our study, and included the articles published before 2015. PRISMA, Preferred Reporting 
Items for Systematic Reviews and Meta- analyses.
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platforms using the same patient group and reference 
methods. The number of data sets is regarded as two if 
a study compared two different multiplex platforms to 
conventional techniques or applied one multiplex plat-
form to two different patient groups.

Characteristics of included studies
The characteristics of eligible studies are summarised in 
table 1, and the summary was provided in online supple-
mental material S3. One data set included exclusively adult 
patients,4 two data sets (from one study) recruited children 
only17 and the majority of studies studied on mixed adult and 
children populations. Luminex xTAG GPP was used in 15 
data sets (71%), while FilmArray GI panel was used in six 
data sets (29%). Both conventional microbiology techniques 
and molecular methods such as sequencing or real- time PCR 
were commonly employed reference standards. Nine studies 
with 15 data sets used the GI panel on prospectively collected 
samples from patients with suspected gastroenteritis4 7 9 10 18–22 
while two studies (four data sets) evaluated the GI panel 
retrospectively.2 5 One study (two data sets) included both 
retrospective and prospectively collected samples.17 The 
comparison of FDA- approved GI panels included in our study 
are listed in online supplemental material S4.10 In general, 
the Luminex xTAG GPP has to be operated in a central labo-
ratory with higher throughput (96 samples per round) but a 
longer turnaround time of 3.5 hours. The FilmArray system is 
a point- of- care machine that can complete the analysis within 
1 hour but can only test 1 sample per round. Details of the 
characteristics and key results of each individual study are 
provided in online supplemental material S3 and S5).

Quality assessment
Quality assessment by the QUADAS-2 tool is demon-
strated in figure 2. For the ‘Patient Selection’ domain, 
some studies used samples with known etiologies from 
microbiological culture; others did not avoid a case–
control design. For the ‘Index Test’ domain, the index 
test used in all the studies was performed independently 
and the threshold was prespecified within the GPP 
test. For the ‘Reference Standard’ domain, all patients 
received the reference standard tests, with minimal risk 
of verification bias. The reference standard was indepen-
dent of the index test, and the interpretation threshold 
was prespecified, therefore, the risk of incorporation bias 
is low. Overall, all the studies had low concern regarding 
applicability for index tests. Regarding applicability of 
the reference standard, studies using singleplex PCR 
or sequencing as the standard raise concern because it 
may detect pathogens at levels that are unlikely to cause 
symptoms. Some studies included immunocompromised 
patients or travellers and could raise concerns on the 
applicability to the general population.

Diagnostic accuracy of GI panel
Table 2 lists the point estimates of sensitivity, specificity, 
AUROC the HSROC, LR+, LR−, publication bias and I2 

for each pathogen. All pathogens had a high discrimina-
tion (AUROC ≥0.96) by the two GI panel tests except for 
Yersinia enterocolitica by xTAG GPP (AUROC: 0.91). The 
specificity of the two GI panel tests were high, ranging 
from 0.98 to 1.00, except for Salmonella by xTAG GPP 
(Spe: 0.97) and Clostridium difficile by FilmArray (Spe: 
0.97). The sensitivities were all greater than 0.81 with 
majority >0.90, except for Y. enterocolitica (Sen:0.48), 
Adenovirus 40/41 (Sen: 0.70) and Entamoeba histolytica 
(Sen: 0.70) by xTAG GPP. FilmArray panel demonstrated 
a higher sensitivity than xTAG GPP for most of the 
pathogens with the exception of Rotavirus A (xTAG GPP 
and FilmArray are both 0.93). The overall LR+ was well 
beyond 10, indicating a high rule- in value of the positive 
test results. The LR− for FilmArray were all ≤0.1, lower 
than xTAG GPP for all pathogens except for Rotavirus, 
suggesting a higher rule- out value for FilmArray panel 
than xTAG GPP. (Online supplemental materials S6 
and S7 illustrate the HSROC curves for each pathogen 
by xTAG GPP (online supplemental material S6) and 
FilmArray (online supplemental material S7). Online 
supplemental material S8 shows the forest plot of sensi-
tivity and specificity of the GI panel for each pathogen.

Table 3 showed the pretest and post- test probability for 
each pathogen tested by GI panels. The post- test proba-
bility for positive test across all the pathogens tested by 
xTAG GPP varied between 11% and 86%; for FilmArray, 
the post- test probability for positive test varied between 
68% and 96% (table 3). xTAG GPP demonstrated a 
poor positive post- test probability on E. histolytica, Giardia 
lamblia, Cryptosporidium and ETEC (11%, 25%, 40% and 
42%, respectively). FilmArray has better post- test proba-
bility than xTAG GPP except for Rotavirus A (the post- 
test probability for positive test is 69% for FilmArray, 86% 
for xTAG) (table 3). I2 was >50% in most of the analyses. 
Lastly, we pooled 10 studies of xTAG GPP and 6 studies 
of FilmArray GI panel and plotted the HSROC of two 
GI panel tests (online supplemental material S9). The 
FilmArray GI panel showed a higher AUROC than xTAG 
GI panel (AUROC 0.99 vs 0.98, p=0.03). Online supple-
mental material S10 shows subgroup analysis for GI panel 
sensitivity and specificity when tested with different gold 
standards on Campylobacter, Shigella and rotavirus A. The 
result showed that the p values were all >0.1, which indi-
cated that there were no significant differences between 
the overall results and the subgroups.

DISCUSSION
Our study found that both FilmArray and xTAG GPP 
have high diagnostic accuracies. To our knowledge, this 
is the first meta- analysis of a head- to- head comparison 
between the two currently available commercial multi-
plex PCR tests for GI pathogens. In this meta- analysis 
consisting of 7085 stool samples, we show that both 
systems have a nearly perfect specificity with high LR+, 
indicating a high rule- in value. The sensitivities and LR−, 
however, vary between the two systems. The FilmArray GI 
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panel has a sensitivity of greater than 0.90 for all patho-
gens, while xTAG GPP has a sensitivity between 0.81 
and 0.95 for most pathogens. Of note, three pathogens 
Y. enterocolitica, Adenovirus 40/41 and E. histolytica, have 
exceptionally low sensitivities (0.48–0.70), insufficient 
for rule out use. Furthermore, xTAG GPP demonstrates 
a low positive post- test probability for E. histolytica, G. 
lamblia and Cryptosporidium (11%, 25%, and 40%, respec-
tively) which suggests that xTAG GPP is not accurate in 
detecting GI parasites. In addition, FilmArray has higher 
sensitivity and post- test probability than xTAG GPP for 
most of the pathogens except for Rotavirus A (the post- 
test probability for positive test is 69% for FilmArray, 
86% for xTAG). However, there is insufficient data for 
analysing the accuracy of detecting relatively rare patho-
gens such as Y. enterocolitica and E. histolytica by FilmArray. 
In contrast, xTAG GPP provides comparable diagnostic 
accuracy when those pathogens are suspected in clinical 
conditions and tested. The heterogeneities were high (I2 
>50%) which may reflect the different study population 
and gold standards used by the studies. For instance, one 
study solely included immunocompromised patients4 
whileChhabra et al included virus positive stool samples2 
and the other study focused on traveller’s diarrhoea.22 
These studies also used different microbiology tech-
niques as their gold standards such as culture or PCR for 
bacteria, PCR or EIA for viruses, microscopy or EIA for 
parasites.

Unlike the conventional PCR test focusing on a single 
target, both xTAG GPP and FilmArray GI panel employ a 
syndromic approach to detect multiple pathogens simul-
taneously. This syndromic approach maximises the use 
of PCR starting material, uses fewer reagents, and allows 
increase in time and cost efficiency.23

Compared with a previous systematic review,8 which 
includes only two studies for FilmArray and does not 
provide head- to- head comparisons between FilmArray 
and xTAG GPP, our updated review includes three addi-
tional studies2 4 17 and provides comprehensive quan-
titative analysis on the comparative accuracy of the two 
multiplex platforms. The analysis in the previous system-
atic review8 focuses on the comparison of each panel 
to the standard microbiology technique, and while it 
introduces prior studies examining agreement between 
FilmArray and xTAG GPP, does not provide any addi-
tional head- to- head quantitative analysis of the two. Our 
comparative analysis shows FilmArray may perform better 
than xTAG GPP in detecting certain pathogens which can 
be explained by the primer design or the open system and 
technician dependent nature of the xTAG GPP system. 
The open system increases the risk of amplicon contam-
ination. In particular, xTAG GPP demonstrates relatively 
lower sensitivity for adenovirus type 40/41 (Sen: 0.70). 
The low sensitivity may be related to mismatches between 
the viral templates and the oligonucleotide primers 
and probes in the system. Furthermore, the reference 

Figure 2 QUADAS-2 for included studies. (A) QUADAS-2 risk of bias and concerns regarding applicability graph: review 
authors' judgements about each domain presented as percentages across included studies. (B) QUADAS-2 risk of bias 
and concerns regarding applicability summary: review authors' judgements about each domain for each included study. 
QUADAS-2, quality assessment of diagnostic accuracy studies 2.
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standard real- time PCR does not distinguish between 
adenovirus species9; therefore, it is likely that real- time 
PCR can detect adenovirus species other than adenovirus 
type 40/41, resulting in a falsely low sensitivity. For Y. 
enterocolitica, the low sensitivity (48%) may be impacted 
by the lowest sensitivity report from Claas et al; the cause 
of this low sensitivity needs further verification.

In acute gastroenteritis, careful history questioning the 
characteristics of the illness and potential exposures can 
provide powerful diagnostic clues. Clinical features such 
as shorter duration of illness and frequent vomiting may 
suggest a viral aetiology. However, an observational study 
found that there are only a few differences in presenta-
tion caused by viral and bacterial pathogens.24 Therefore, 
epidemiological and clinical evaluation are not always 
reliable methods to differentiate between viral and bacte-
rial etiologies but should be used to guide diagnostic 
testing. Nowadays, stool culture is the primary diagnostic 
tool for bacterial gastroenteritis. However, bacterial 
culture is time- consuming, laborious and costly25–29 and 
requires selective agars or serologic testing to then iden-
tify and confirm the pathogens. Stool culture also has a 
low positive yield and relatively poor sensitivity,30 limiting 
its use in a clinical setting. faecal leucocyte testing (FLT) 
is another tool often used to screen for infectious diar-
rhoea.6 Although the presence of stool cellular exudates 
has been long regarded as a sign of infectious diarrhoea, 
there is evidence questioning the value of FLT.31 Investi-
gations show that FLT cannot distinguish between nonin-
fectious gastroenteritis and infectious gastroenteritis 
inpatient. A study found that in 25 patients with infec-
tious gastroenteritis, only 32% of patients had positive 
FLT.32 FLT has also been stated to be a poor predictor of 
C. difficile infection.33 In fact, the 2017 Infectious Diseases 
Society of America Clinical Practice Guidelines does not 
recommend using FLT to establish the cause of acute 
infectious diarrhoea.6 The inability to determine the 
specific causative pathogen vastly hinders effective clin-
ical management.

Compared with conventional diagnostic techniques, 
multiplex technology permits rapid organism- specific 
diagnostic testing that can curb inappropriate antibiotic 
use as use of broad- spectrum antibiotics may facilitate the 
emergence of multidrug resistant bacteria. More impor-
tantly, outcomes of some bacterial diarrhoeal illness may 
worsen with the use of antibiotics. A prospective cohort 
study found a strong association between antibiotic treat-
ment and the development of the hemolytic–uremic 
syndrome in children with Escherichia coli O157:H7 infec-
tions.34 Multiplex assays allow clinicians to make informed 
decisions and judicious use of antibiotics. Identification 
of specific pathogens also has public health implications. 
For instance, infected food workers cause about 70% of 
reported norovirus outbreaks from contaminated food. 
The Centers for Disease Control and Prevention, there-
fore, recommends food service workers stay home not 
only at the onset of GI symptoms but also for at least 
48 hours after symptoms have resolved. Community Te
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Table 3 The calculation of post- test probabilities

Pathogens Study(n)
Pre- test probability 
(%) Test kit Likelihood ratio

Post- test probability 
(%)

Campylobacter 11 5.6 Luminex LR+: 55 (21-140) 77

LR-: 0.06 (0.03-0.12) 0

5 3.6 FilmArray LR+: 120 (47-330) 82

LR-: 0.05 (0.02-0.13) 0

Clostridium difficile 8 5.5 Luminex LR+: 49 (24-100) 74

LR-: 0.06 (0.04-0.09) 0

4 10.9 FilmArray LR+: 35 (26-47) 81

LR-: 0.03 (0.01-0.11) 0

E. coli O157 7 0.8 Luminex LR+: 150 (72-330) 55

LR-: 0.13 (0.05-0.28) 0

ETEC 5 1.2 Luminex LR+: 60 (13-290) 42

LR-: 0.13 (0.03-0.38) 0

3 1.4 FilmArray LR+: 150 (80-280) 68

LR-: 0.08 (0.02-0.33) 0

Salmonella 11 5.3 Luminex LR+: 33 (11-100) 65

LR-: 0.15 (0.11-0.21) 1

5 3.5 FilmArray LR+: 210 (110-400) 88

LR-: 0.06 (0.02-0.16) 0

STEC stx1/stx2 6 2.1 Luminex LR+: 130 (65-270) 74

LR-: 0.08 (0.03-0.19) 0

4 3.3 FilmArray LR+: 190 (100-350) 87

LR-: 0.04 (0.01-0.15) 0

Shigella/EIEC 11 4.3 Luminex LR+: 73 (37-150) 77

LR-: 0.07 (0.04-0.13) 0

4 4.8 FilmArray LR+: 440 (170-1200) 96

LR-:0.05 (0.02-0.13) 0

Yersinia enterocolitica 3 2.1 Luminex LR+: 230 (45-1200) 83

LR-: 0.53 (0.35-0.69) 1

Adenovirus 40/41 9 2 Luminex LR+: 96 (53-160) 66

LR-: 0.30 (0.12-0.58) 1

5 3.8 FilmArray LR+: 100 (55-180) 80

LR-: 0.10 (0.03-0.31) 0

Norovirus GI/GII 10 6.1 Luminex LR+: 37 (16-85) 71

LR-: 0.12 (0.08-0.19) 1

6 6.8 FilmArray LR+: 120 (61-230) 90

LR-: 0.08 (0.05-0.14) 1

Rotavirus A 11 5.7 Luminex LR+: 100 (52-200) 86

LR-: 0.07 (0.04-0.10) 0

6 2.9 FilmArray LR+: 76 (35-160) 69

LR-: 0.07 (0.02-0.25) 0

Cryptosporidium 7 0.7 Luminex LR+: 96 (22-410) 40

LR-: 0.18 (0.08-0.37) 0

3 1.2 FilmArray LR+: 230 (110-490) 74

LR-: 0.08 (0.02-0.32) 0
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fecal- oral outbreaks or waterborne outbreaks, on the 
other hand, have been associated with Giardia, Cryp-
tosporidium and norovirus.35 The high rule- out value 
of FilmArray GI panel means that it can quickly detect 
highly communicable pathogens and prevent widespread 
transmission.

It has to be noted that most cases of acute gastroenteritis 
are of infectious aetiology and resolve with symptomatic 
treatment alone.6 It is neither practical nor cost- effective 
to perform an extensive laboratory evaluation for every 
patient presenting with diarrhoeal illness. It is crucial, 
however, to make accurate microbial identification and 
enact specific directed therapy in patients who are more 
likely to have a bacterial infection or who would need 
treatment once the organism is identified; this includes 
patients with signs of severe illness (dehydration, severe 
abdominal pain) or inflammatory diarrhoea (bloody 
stools, fevers) and patients with high- risk features, comor-
bidities and immunocompromised conditions.36 For 
example, in patients with clinically significant diarrhoea, 
suspected C. difficile infection, laboratory approach with 
nucleic acid amplification testing (NAAT) alone or 
multistep algorithm including initial EIA screening for 
glutamate dehydrogenase antigen and toxins A and B 
arbitrated by NAAT is recommended in recent guide-
lines.37 Furthermore, in patients with severe or fulminant 
colitis, multiplex assays may improve outcomes as early 
surgical consultation and timely operative management 
result in a shorter hospital length of stay if a patient’s 
clinical course worsens38. Implementing multiplex assays 
remarkably reduces the time to initial identification of 
pathogens. Randomised controlled trials in patients with 
shigellosis have demonstrated that appropriate use of 
antimicrobial therapy shortens the average duration of 
diarrhoea by 2.4 days or more, decreases the duration of 
fever and tenesmus and reduces the excretion of infec-
tious organisms.39 Altogether, prompt pathogen- specific 
diagnosis through multiplex assays could greatly influ-
ence clinical courses by earlier initiation of appropriate 
therapy and thereby preventing potential complications 

in the most vulnerable patients. In addition to generating 
more favourable clinical outcomes, multiplex assays can 
also optimise infection control, allowing for implementa-
tion of timely measures to mitigate nosocomial transmis-
sion and outbreaks.40

Although this meta- analysis includes more than 7000 
samples with robust statistical analysis following the 
Cochrane guideline, there are still several limitations. 
First, the relative few data on FilmArray did not allow us 
to perform subgroup analyses for some rare but deadly 
pathogens (eg, Vibrio cholerae, Enteroaggregative E. coli, 
Enteropathogenic E. coli, Cyclospora cayetanensis and E. histo-
lytica). Second, the patient characteristics varied among 
the included studies in age, travel history and symptoms, 
and the number of the studies may be insufficient to 
perform several sensitivity analyses. Third, the accuracy 
of the nucleic acid test reflected by our study does not 
reflect active infection. Laboratory results should always 
be interpreted with a high degree of clinical correla-
tion.41 Fourth, five studies included discordant analysis 
which may increase the sensitivity and specificity due to 
the potential elevation of true positive and true nega-
tive cases. In addition, although the FilmArray GI panel 
shows a higher overall summary AUROC than xTAG GI 
panel (AUROC 0.99 vs 0.98, p=0.03), the result should 
only be viewed as a statistical significance instead of clin-
ical meaning. Despite these limitations, our results yield 
valuable insight into the accuracy of xTAG GPP and 
FilmArray GI panel and their utility in clinical practice.

CONCLUSION
In summary, this is the first systematic review and meta- 
analysis comparatively evaluating the performance of the 
novel multiplex PCR- based tests Luminex xTAG GPP 
and FilmArray GI panel in detecting each pathogen. 
Compared with conventional methodologies, xTAG GPP 
and FilmArray GI panel can detect more than 90% of the 
common enteropathogens with high sensitivity, specificity 
and a shorter turnaround time. In addition, FilmArray 

Pathogens Study(n)
Pre- test probability 
(%) Test kit Likelihood ratio

Post- test probability 
(%)

Entamoeba histolytica 6 0.2 Luminex LR+: 59 (18-160) 11

LR-: 0.30 (0.08-0.68) 0

Giardia lamblia 7 0.9 Luminex LR+: 36 (13-85) 25

LR-: 0.19 (0.06-0.49) 0

4 1.3 FilmArray LR+: 200 (100-390) 72

LR-: 0.09 (0.02-0.31) 0

Astrovirus 3 2.7 FilmArray LR+: 300 (55-1600) 89

LR-: 0.04 (0.01-0.15) 0

Sapovirus 3 5.6 FilmArray LR+: 170 (66-430) 91

LR-: 0.04 (0.01-0.17) 0
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has higher sensitivity and post- test probability than 
xTAG GPP for most of the pathogens except for Rota-
virus A (the post- test probability for positive test is 69% 
for FilmArray, 86% for xTAG). Multiplex platforms can 
clearly have a significant impact on patient management 
with the potential to (1) reduce the time to first iden-
tification of a pathogen, (2) influence patient outcome 
through early initiation of therapy, (3) alter antimicro-
bial stewardship and (4) optimise infection control. It is 
important, however, to account for the variable rule- out 
accuracy of xTAG GPP and its suboptimal diagnostic accu-
racy for parasites. However, five studies included in our 
evaluation had discordant analysis which may increase 
the sensitivity and specificity due to the potential eleva-
tion of true positive and true negative cases. Regardless, 
this will be an exciting area of development and research 
as multiplex technology becomes increasingly integrated 
into everyday clinical practice in the future.

Further reading
Centers for Disease Control and Prevention (CDC). 
Multisite outbreak of norovirus associated with a fran-
chise restaurant—Kent County, Michigan, May 2005. 
Morbidity and Mortality Weekly Report 2006;55:395–7.
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