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Abstract
Background: Xpert Xpress Flu/RSV assay is a fast and automated real-time nucleic acid amplification
method, recently approved by the USA, Europe and China for detection and differentiation of influenza
(Flu) A, Flu B and RSV virus from nasopharyngeal swabs. Nevertheless, there are still no systematic
reviews and meta-analysis on the accuracy of identification of influenza virus by The Xpert Xpress
Flu/RSV assay. The aim of this meta-analysis was to verify the accuracy of Xpert Xpress Flu/RSV for
detecting Flu and RSV.
Materials and Methods: The PubMed, EMBASE, Cochrane Library, and Web of Science databases were
searched using the following keywords: Xpert Xpress Flu/RSV, Flu and RSV up to April 2019. Four
researchers screened and extracted documents according to inclusion and exclusion criteria. The quality
of original research was assessed using the QUADAS-2 guidelines. Meta-DiSc 1.4 software was used to
analyze the sensitivity, specificity, positive likelihood ratio (+LR), negative likelihood ratio (-LR), diagnostic
ratio (DOR), and Summary receiver operating characteristic curves (SROC). Deek’s funnel plot asymmetry
test was used to evaluate the publication bias by Stata 12.0.
Results: Nine studies with 22 fourfold tables were included in this meta-analysis. The sensitivity of Xpert
Xpress Flu/RSV for detection of Flu A, Flu B, and RSV was 0.96, 0.98, 0.98; the specificity was 0.97, 0.99,
0.99; +LR was 80.65, 163.74, 237.35; -LR was 0.02 , 0.03, 0.05；DOR was 4806.90, 6266.78, 5254.41,
respectively. AUC was all over 0.9. In addition, no publication bias for FluA, Flu B, and RSV was found.
Conclusions: Compared to the traditional PCR approach, Xpert Xpress Flu/RSV resulted as a valuable
method for Flu and RSV diagnosis in the clinic, offering high sensitivity and specificity. Nonetheless,
further research is necessary to determine whether Xpert Xpress Flu/RSV can be used as a clinical
diagnostic standard for the identification of Flu and RSV. Keywords: Xpert Xpress Flu/RSV; influenza
virus; respiratory syncytial virus; PCR

Introduction
Influenza is an acute infectious disease caused by a member of the orthomyxovirus family, which can be
divided into two types: Flu A and Flu B1. Influenza can spread and cause seasonal epidemics all over the
world, and in some extreme cases can even lead to death. Influenza viruses usually cause acute
respiratory infections, pneumonia with acute respiratory distress development syndrome (ARDS) and
respiratory failure1,2. Like influenza viruses, Respiratory syncytial virus (RSV) is another type of singlestrand RNA virus, which can affect all age groups3; however, children and elderly are more susceptible to
RSV. In addition, it is the main cause of lower respiratory tract infection and hospitalization in children
under five years old, and the main cause of illness and death in the elderly3–5. Yet, the diagnosis of
influenza virus and RSV in the respiratory tract infections is very difficult and requires molecular
testing2,6.
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Over the last decade, rapid polymerase chain reaction (PCR) has been used to detect viruses affecting the
respiratory tract7–9. Nevertheless, this method is time consuming and requires professional laboratories
and specialized instruments. In addition, many intermediate steps of PCR experiments need to be
performed by professionals, which may cause errors7,8,10. Under ideal circumstances, it should be
possible to diagnose influenza should in a convenient and fast way without compromising accuracy11.
The Xpert Xpress Flu/RSV assay (Cepheid, Sunnyvale, CA) is a fast and automated real-time nucleic acid
amplification test, which can be used for accurate and reliable detection of influenza A (FluA), influenza B
(FluB) and RSV12,13. Compared to traditional PCR diagnosis assay, this method is very simple and can be
used by everybody (do not require trained personnel)12. All the steps in this assay, including sample
extraction, nucleic acid purification, and concentration, quantitative PCR amplification detection and
analysis are completed automatically, which in turn significantly decreases the possibility of errors and
time for diagnosis. In addition, this approach does not require precision pipetting10,12.
The Xpert Xpress Flu/RSV is an updated version of previous Xpert Flu/RSV XC, which requires less time
(reduced the time to results (32 min. 63min)) and has higher sensitivity and specificity against RNA
targets (including influenza viruses)14. In 2016, the use of Xpert Xpress Flu/RSV for in vitro diagnosis of
FluA, FluB and RSV infection was approved by the US Food and Drug Administration (FDA) and
European Medicines Agency (EMA), followed by National Medical Products Administration (NMPA) in
China in 201910. However, there are still no systematic reviews and meta-analysis on the accuracy of
identification of influenza virus using The Xpert Xpress Flu/RSV assay. The aim of this meta-analysis
was to verify the accuracy of Xpert Xpress Flu/RSV in detecting Flu and RSV. Our data provide new ideas
and methods for clinical guidelines, and new means and gold standard for clinical diagnosis of influenza
virus.

Materials And Methods

Search for strategy and sources of information
We respectively searched "Influenza” and "respiratory syncytial virus” in Medical Subject Headings terms
(MeSH) and EMTREE terms as a supplement of synonyms. EMBASE, Cochrane Library, PubMed, Web of
science were all searched from inception to April 2019, using the following keywords: "(Xpert AND
(Influenza [all synonyms] OR RSV [all synonyms])). The reference sections of relevant articles were
reviewed to find additional primary studies15. Finally, 46 articles in PubMed, 80 in Embase, 62 in Web of
Science and 1 in Cochrane Library were found. Our study was carried out in March 2019.

Inclusion and exclusion criteria
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The inclusion criteria were the following: (I) analysis of human specimens; (II) comparison of Xpert
Xpress Flu/RSV with another gold standard (PCR) to detect the diagnostic accuracy of Flu/RSV; (III) data
in the article were sufficient to draw a 2·2 table; (IV) articles published up to April 2019; (V) articles
published in English; (VI) articles including RSV OR Influenza and Xpert.
The exclusion criteria were: (I) samples from animal or other species; (II) the gold standard was not
revealed, or the Xpert Xpress Flu/RSV assay was not performed; (III) repeated Publications; (IV)
conferences, letters, editorials, and abstracts.

Research Screening and Selection
The search results were imported into the Endnote X9. The two reviewers independently screened articles
in accordance with inclusion and exclusion criteria. Duplicate references, conference abstracts, and
unrelated articles were excluded. Subsequently, the full text of all selected studies was reviewed, quality
assessed and the data were extracted. If there were disagreements, both reviewers would seek advice of a
third reviewer.

Data extraction and quality estimate
Two reviewers extracted data independently from each study and resolved differences by consensus.
Retrieved data included the year of publication, country, author, the number of samples, type of study
(prospective or retrospective), the sample type in the article, gold standard, the diagnostic 2·2 table with
its four cells: true positives, false negatives, true negatives and false positives. The methodological
quality of each study was evaluated using the Quality Assessment of Diagnostic Accuracy Studies
(QUADAS–2) tool of the diagnostic accuracy study16.

Statistical analysis
Two reviewers independently analyzed the data recommended for meta-analysis of the diagnostic
studies through the meta-DiSc 1.4 software: specificity, sensitivity, negative likelihood ratio (-LR), positive
likelihood ratio (+LR), diagnostic odds ratio (DOR). Summary of receiver operating characteristic curves
(SROC) and the area under the curve (AUC) were used to summarize overall diagnostic performance.
Deek’s funnel plots asymmetry test was used to evaluate the publication bias by Stata12.0.

Results

Studies characteristics
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After manually eliminating searched and duplicated articles, the title and main points from 93 articles
were included in the final analysis. Seventy-six articles were excluded by screening title and abstract and
17 articles were retained for full-text scanning. In addition, 8 studies, including, five conference abstracts,
two studies (not possible to extract a 2·2 table), and one letter article were additionally excluded.
Finally, nine articles including 4626 Influenza A samples, 4414 Influenza B samples and 3662 RSV
samples were included in the meta-analysis8,10,12–14,17–20. The PRISMA flow diagram of this study is
shown in Figure 1, while the study characteristics are shown in Table 1.

QUADAS–2 quality evaluation results
The quality of these nine articles were evaluated using QUADAS–2 software, and three evaluation criteria
(“yes” represents “low” risk of deviation; “no” represents high risk of deviation, while “unclear” represents
that the risk of deviation which is not well established). Specific quality evaluation results of included
articles are shown in Table 2.

Influenza A
Nine reports evaluated Influenza A (Figure 2)8,10,12–14,17–20. The combined sensitivity, specificity, +LR, -LR
and DOR of Xpert Xpress Flu/RSV to detect Flu A were 0.96 (95% CI: 0.95, 0.98), 0.97 (95% CI: 0.96, 0.97),
80.65 (95% CI: 32.02, 203.16), 0.02 (95% CI: 0.01, 0.08) and 4806.90 (95% CI: 907.93, 25449.35),
respectively. The SROC curves in Flu A are shown in Figure 2F. AUC was 0.9984, and the Q index was
0.9866 (SE = 0.0047). No publication bias was found in Deek’s funnel plot of Flu A (Figure 2G).. In
addition, the Egger test indicated that the publication bias of these articles in Flu A was low (P = 0.633).

Influenza B
Eight reports evaluated Influenza B (Figure 3)8,10,12–14,17–19. The combined sensitivity, specificity, +LR, -LR
and DOR of Xpert Xpress Flu/RSV to detect Flu B were 0.98 (95% CI: 0.96, 0.99), 0.99 (95% CI: 0.99, 1.00),
163.74 (95% CI: 107.43, 249.55), 0.03 (95% CI: 0.01, 0.06) and 6266.78 (95% CI: 2642.01, 14864.68),
respectively. The SROC curves in Flu A are shown in Figure 3F; AUC was 0.9990 and the Q index was
0.9912 (SE = 0.0030). No publication bias was found in Deek’s funnel plot of Flu B (Figure 3G)..
Furthermore, the Egger test indicated that the publication bias of these articles in Flu B was low (P =
0.353).

Respiratory syncytial virus (RSV)
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Five reports evaluated the RSV (Figure 4)10,12,14,17,18. The combined sensitivity, specificity, +LR, -LR and
DOR of Xpert Xpress Flu/RSV to detect RSV were 0.96 (95% CI: 0.93, 0.98), 1.00 (95% CI: 0.99, 1.00),
237.35 (95% CI: 137.80, 408.82), 0.05 (95% CI: 0.02, 0.04) and 5254.41 (95% CI: 2229.31, 12384.47),
respectively. The SROC curves in Flu A are shown in Figure 4F; AUC = 0.9993, and the Q index was 0.9947
(SE = 0.0028). No publication bias was found in Deek’s funnel plot of RSV (Figure 4G).. Moreover, the
Egger test indicated that the publication bias of these articles in RSV was low (P = 0.584).

Discussion
Flu and RSV are two common pathogens that cause respiratory tract infections. Thus, developing new
tools for rapid diagnosis of Flu or RSV is of extreme importance. In this study, we extracted 22 groups of
data from nine articles that evaluated the diagnostic accuracy of Xpert Xpress Flu/RSV for detection of
Flu and RSV performance from inception to April 2019, including 4626 Influenza A samples, 4414
Influenza B samples, and 3662 RSV samples. We analyzed the articles to verify the accuracy of Xpert
Xpress Flu/RSV for detecting Flu A, Flu B, and RSV. The results of the study showed that the combined
sensitivity of Xpert Xpress Flu/RSV in the diagnosis of Flu A, Flu B and RSV was respectively 0.96, 0.98,
0.98; the combined specificity was 0.97, 0.99, 0.99; +LR was 80.65, 163.74, 237.85; -LR was 0.02, 0.03,
0.05; DOR was 4806.90, 6266.78, 5254.41; and the SROC AUC was 0.9984, 0.9990, 0.9993. Among them,
the +LR of Flu A, Flu B, and RSV were all larger than 10, while -LR were both < 0.1. For Flu A, a pooled +LR
of 80.65 and a pooled -LR of 0.02 showed that patients with positive or negative Xpert were 80.65 times
more likely to develop Flu A or 0.02 times less likely to develop Flu A. The SROC AUC of Flu A, Flu B, and
RSV were all very close to 1 and the SROC curve was close to the upper left corner; the area under the
curve was extremely large. AUC data (all over 0.9) indicated that the overall diagnostic accuracy of Xpert
for Flu and RSV was relatively high. In addition, the DOR of Flu A, Flu B, and RSV were very large,
indicating that the correct diagnosis was far greater than the wrong diagnosis. To sum up, Xpert Xpress
Flu/RSV is highly accurate for the diagnosis of Flu A, Flu B and RSV. Moreover, the bias coefficients of Flu
A, Flu B, and RSV were P = 0.633, 0.353, 0.584; since these were all greater than 0.05, it is possible to
conclude that there is a subtle publishing bias.
PCR is a gold standard approach or the detection of Flu and RSV. PCR requires small amount of DNA
fragments and possesses high sensitivity and specificity for detection. The disadvantages of traditional
PCR compared to Xpert Xpress Flu/RSV are the following: first, traditional PCR requires longer time to be
completed (e.g. traditional RT-PCR takes about 3–4 hours to interpret all the data manually). Xpert Xpress
Flu/RSV can be performed in 30 minutes, which helps clinicians to make timely diagnosis and improve
patients’ satisfaction21. Secondly, the traditional RT-PCR requires skilled workers, expensive equipment,
and has high requirement for sample collection, storage, and processing; while all steps in Xpert Xpress
Flu/RSV assay, including sample extraction, nucleic acid purification, and concentration, quantitative PCR
amplification detection and analysis are completed automatically, which in turn significantly decreases
the possibility of errors and time for diagnosis22. In addition, we demonstrated that Xpert Xpress Flu/RSV
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has high sensitivity and specificity. In summary, Xpert Xpress Flu/RSV is more suitable for clinical
application.
This current study has several limitations: first, the sensitivity and specificity of Flu and RSV were
calculated only on the basis of all the samples included in the articles. However, when applied in the
clinic, they need to be considered more carefully in combination with the clinical situation. Applications of
Xpert for Flu and RSV cases have been reported in some studies; however, the data are very limited. More
data are needed in the future to supplement the results of diagnosis of Flu and RSV by Xpert Xpress
Flu/RSV. Secondly, we did not conducted group evaluation because of the limited literature, small sample
size and lack of comparability.

Conclusions
Xpert Xpress Flu/RSV is a valuable method for detection of Flu and RSV in vitro, with high sensitivity and
specificity. However, further research is necessary to determine whether Xpert Xpress Flu/RSV could be
used as a clinical diagnostic standard for the identification of Flu and RSV.
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Figure 1
PRISMA flow diagram of publications searched.
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Figure 2
Forest plots of (A) the combined sensitivity, (B) specificity, (C) positive LR, negative LR, (D) diagnostic OR,
(F) the summary receiver operating characteristic (SROC) curve of Xpert Xpress Flu/RSV for the diagnosis
of Influenza A and Deeks’ funnel plot asymmetry test to assess publication bias for Xpert Xpress Flu/RSV
detection of Influenza A (G).
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Figure 3
Forest plots of (A) the combined sensitivity, (B) specificity, (C) positive LR, negative LR, (D) diagnostic OR,
(F) the summary receiver operating characteristic (SROC) curve of Xpert Xpress Flu/RSV for the diagnosis
of Influenza B and Deeks’ funnel plot asymmetry test to assess publication bias for Xpert Xpress Flu/RSV
detection of Influenza B (G).
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Figure 4
Forest plots of (A) the combined sensitivity, (B) specificity, (C) positive LR, negative LR, (D) diagnostic OR,
(F) the summary receiver operating characteristic (SROC) curve of Xpert Xpress Flu/RSV for the diagnosis
of RSV and Deeks’ funnel plot asymmetry test to assess publication bias for Xpert Xpress Flu/RSV
detection of RSV (G).
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