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A B S T R A C T

Background: Acute respiratory illnesses (ARI) are mostly viral in etiology and cause significant morbidity and
mortality. Point of care PCR (POC-PCR) is a promising new technology for rapid virus identification but utility in
the Emergency Department (ED) is not yet defined.
Objectives: Primarily, to investigate the value of POC-PCR in rapidly identifying RSV and influenza in the setting
of ED triage. Additionally, to assess whether rapid knowledge of accurate test results would improve patient
management by preventing nosocomial transmission and optimizing the prescription of antimicrobials for ARIs.
Study Design: A prospective cohort study of consecutive ED patients with ARI symptoms during peak flu season
was conducted. Patient nasopharyngeal swabs were collected and tested using a POC-PCR device; physicians and
patients were blinded to results. Virus positive and negative groups were compared by ED patient room pla-
cement and antimicrobial therapy ordered. Specificity and sensitivity were calculated using laboratory-PCR as
the gold standard.
Results: Of 119 participants, 52.9% were POC-PCR positive - Influenza A (42.9%), RSV (41.3%), influenza B
(15.9%). Nearly 70% of virus positive patients were placed rooms shared with non-ARI patients. Antibiotics were
prescribed for 27.3% of virus positive patients, and 77.8% of oseltamivir-eligible patients did not receive
therapy. POC-PCR was 100% sensitive (95% CI, 80.5–100.0%) and 95.2% specific (95% CI, 76.2–99.9%).
Conclusions: Rapid POC-PCR for influenza and RSV in ED triage has excellent sensitivity and specificity and the
potential to improve social distancing practices through better triage and increase appropriate prescription of
antimicrobials.

1. Background

Acute respiratory illnesses (ARI) cause significant morbidity and
mortality in both adult and pediatric patients, especially during winter
months. The most common ARI etiology is viral with influenza and
respiratory syncytial virus (RSV) accounting for 40% of cases [1,2].
Every year, influenza is estimated to cause 200,000 hospitalizations and
20,000 deaths in the United States, and 250,000–500,000 deaths
globally [3–5]. In addition to immunization, early treatment, social
distancing, and good hygiene reduce the incidence and severity of
disease [6–8].

During peak ARI seasons, Emergency Departments (ED) experience
increased demand. One study found that 25% of ED visits during peak

periods are for fever and respiratory infection symptoms [9]. Peak in-
fluenza circulation is associated with reduced ED throughput efficiency,
increased ED length of stay (LOS), and a greater proportion of patients
who depart before seeing a physician [10]. Additionally, influenza
patients’ median LOS is five times greater than other ambulatory ED
patients [11]. Most EDs lack space to accommodate such increases and
standard operating procedures require patients to remain in crowded
waiting rooms until patient rooms become available. Such space lim-
itations and overcrowding facilitate nosocomial infections [12,13].

Rapid identification of respiratory viruses is crucial for prevention
of nosocomial transmission especially given the immune compromised
and inherently vulnerable nature of ED patients, including very young
and elderly patients, and those with chronic health conditions. Despite
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numerous attempts, syndromic formulas for distinguishing influenza
from other respiratory illnesses lack the sensitivity required to inform
clinical decisions regarding patient care and isolation [14–17]. The gold
standard for viral testing is laboratory polymerase chain reaction (PCR).
Despite high sensitivities and specificities, test turnaround times (TAT)
are too long to facilitate clinical decision-making. Recent technological
advancements in point-of-care (POC) testing, such as rapid antigen
testing, have provided test results in less than 20min yet exhibit low
sensitivity [18–21].

More recently, POC-PCR has proved promising [22,23]. This tech-
nology exhibits high sensitivity and specificity compared to laboratory-
PCR and can be performed at bedside without complex machinery or
laboratory-trained personnel [24,25]. Physicians report higher sa-
tisfaction with the TAT of POC testing versus laboratory analyses [24].
Rapid POC-PCR also reduces hospital admissions and improves the
appropriate use of antimicrobials in clinic and hospitalized patients
[26]. In pediatric settings, POC-PCR decreases ancillary testing such as
chest X-rays and urine analyses [27,28] and saves costs, especially
when multiple viruses are tested simultaneously [27–30].

POC-PCR utility for ARIs in the ED is not yet defined. The primary
study aim was to investigate the validity of POC-PCR in identifying RSV
and influenza compared to laboratory-PCR, and explore whether POC-
PCR can potentially improve ED triage through social distancing to
prevent nosocomial transmission and reduce LOS. Secondarily, this
study examined the potential of POC-PCR to improve appropriate an-
timicrobial treatment of ARIs.

2. Study design

We conducted a prospective observational cohort study in a uni-
versity-affiliated tertiary care hospital ED between December 2016 and
March 2017. During the study, a previously described real-time elec-
tronic alert identified potential participants based on the following
triggers: 1) complaint of fever, cough, rhinorrhea, or sore throat or 2)
PCR swab ordered and 3) chart recorded temperature> 38 °C. [31].
Trained research coordinators received these notifications and also
screened the ED track board for eligible patients 7 days a week from
7am to 10 pm. Potential participants were eligible if they had ARI
symptoms - measured fever at home or in ED>38 °C and a cough, sore
throat, or rhinorrhea with a duration of symptoms>12 h and< 1
week; all ages were eligible. Those arriving by ambulance or who had
already received oseltamivir for their current illness were excluded.
After verifying eligibility, coordinators gained approval from the triage
physician to approach the patient for consent; patients requiring urgent
management were thus excluded.

After obtaining consent, the triage physician collected a nasophar-
yngeal swab sample which the coordinator tested immediately for in-
fluenza A, influenza B, and RSV using the Roche cobas® Influenza A/B
Nucleic Acid test for use on the cobas® Liat system, a CLIA waived PCR
assay. Our team used one system, located in the ED, according to the
manufacturer’s instructions for the duration of the study. Results were
available in approximately 20min. Coordinators also collected patient
information including demographics, clinical history of current illness,
and relevant past medical history using a standardized REDCap data
form hosted at the Stanford Center for Clinical Informatics [32]. Phy-
sicians were blinded to POC-PCR results. After triage, patients were
placed in one of three room types - private, cohort, or shared – a de-
cision based on current room availability and attending physician’s
discretion. A cohort room, defined as a room in which all patients have
respiratory symptoms, is recommended by the World Health Organi-
zation (WHO) as a method of limiting respiratory disease transmission
[33]. A shared room is one in which patient placement occurs regard-
less of symptoms or diagnosis. A convenience subset of 38 patients also
had a nasopharyngeal sample sent for laboratory-PCR analysis during
the course of their ED treatment, ordered by their treating physician
outside of this study. The procedures followed by this laboratory are

described by Rogan et al (2017) [34]. Briefly, ED nasopharyngeal swabs
for viral testing are sent to an off-site facility where they are batch-
processed then analyzed with the Respiratory Virus Panel XT8 (Gen-
Mark) for 9 viruses – influenza A and B, RSV, parainfluenza 1–4, me-
tapneumovirus, rhinovirus, adenovirus, and coronavirus; TAT is
8–24 hrs.

Analyses were performed in SAS 9.3 (SAS Institute, Cary, NC). Basic
descriptive statistics were used to characterize the population by de-
mographic and clinical variables. Physician orders for oseltamivir and
antibiotics were compared between POC-PCR positive and negative
patients using parametric tests. Sensitivity and specificity of the POC-
PCR were calculated using standard formulas assuming that laboratory-
PCR is the gold standard.

Local Institutional Review Board approval was obtained prior to the
beginning of the study and verbal consent was obtained from each
participant or parental consent and minor assent if the participant was
under 18 years of age. During the consent process, patients were in-
formed that the POC-PCR device, while FDA-cleared, was not approved
by the hospital for use in medical decision-making; therefore, the rapid
test results would neither be shared with their physician nor impact
their care.

3. Results

During the study period, 220 consecutive patients screened as eli-
gible. After further screening 213 were eligible for enrollment and 119
consented to enrollment and nasopharyngeal swab for POC-PCR testing.
Fig. 1, illustrates patient enrollment.

Among 119 participants, gender proportion was fair (50.4% female)
and median age was 7.6 years (range 0.3–91). Most were Hispanic
(55.5%), White (18.5%), or Asian/Pacific Islander (13.5%). More than
half (56.3%) had received the seasonal flu vaccine. Approximately 10%
of participants had a history of smoking. Additional sample character-
istics are detailed in Table 1.

Of 119 participants, 52.9% (n=63) had positive POC-PCR.
Influenza (58.8%, n= 37) was more prevalent than RSV (41.3%,
n=26) with influenza A (42.9%, n=27) more prevalent than influ-
enza B (15.9%, n= 10). The median age of participants infected with
influenza A (15.4 years, range 0.6–79.4) and influenza B (14.7 years,
range 6.5–71.4) was similar (p= 0.972) while RSV infected a younger
population (3.0 years, range 0.5–78.1, p= 0.008). One-quarter (25.4%,
n=17) of patients who received the seasonal flu vaccine were POC-
PCR influenza positive. Of the 38 patients who also received the la-
boratory-PCR panel, 28.9% (n= 11) were positive for viruses other
than influenza or RSV including two who were co-infected with one of
these additional viruses and influenza A or RSV.

Table 2 displays room placement type and TAT for laboratory-PCR
test results. Less than half of all participants were placed in a private
room (32.8%) with the majority of POC-PCR positive patients (69.8%)
placed in a shared room. Time to room placement varied widely for

Fig. 1. Flow chart of the patient cohort presenting with ARI symptoms during
the study period.
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patients in the triage area, with a median wait time of 18min (range
1–200). The median duration from nasopharyngeal sample collection to
laboratory-PCR result was 324min (range 138–1,332) compared to the
20min for POC-PCR. As shown in Table 3, in the 38 samples that were
incidentally tested with both laboratory-PCR and POC-PCR, POC-PCR
was highly sensitive (100.0%, 95% CI 80.5–100.0%) and specific
(95.2%, 95% CI 76.2–99.9%) when compared to the laboratory-PCR
panel.

Table 4 details oseltamivir and antibiotics ordered by physicians.
Antibiotics were ordered for 18.5% (n=22) of patients. Six (9.5%)
patients were POC-PCR positive and received antibiotics; four were

immunocompromised or had a chest x-ray suggestive of community-
acquired pneumonia. Oseltamivir was ordered for 11 patients, all but
one were POC-PCR positive for influenza A or B. Of the 27 influenza
positive cases, 77.8% (n= 21) who were eligible to receive oseltamivir
– those< 2 and>65 years old, with history of pulmonary or cardio-
vascular disease, or with an illness duration<48 h – did not receive
therapy. Eligibility was determined using criteria from the Centers for
Disease Control and Prevention (CDC). [35]. A POC-PCR test could
potentially modify treatment decisions and improve proper utilization
of antimicrobial therapies in up to 19.3% of cases (n= 23 of 119).

4. Discussion

This is the first study evaluating the utility of rapid POC-PCR in ED
triage during peak ARI season. In addition to excellent sensitivity and
specificity compared to hospital-based laboratory testing, our results
suggest that POC-PCR could drastically improve social distancing
practices and curb nosocomial infections. Measures like cohorting pa-
tients by pathogen or symptoms can reduce the risk of nosocomial in-
fections and is recommended by the WHO [36,33]. Over half of patients
tested were virus positive, 84% of these with Influenza A or RSV. Nearly
70% of virus positive patients were placed in shared rooms with pa-
tients who did not have ARI symptoms. The ED has 57 beds, including
15 isolation rooms; the remaining rooms are shared between 2–6 pa-

tients (median 4). The bed selection process was not recorded per pa-
tient and is at the discretion of the triage physician, per level of acuity
and room availability. Sharing rooms increases the likelihood of noso-
comial infections, which can cause severe complications and increase
morbidity among ED populations. EDs nationwide are overburdened
and crowded especially during peak ARI seasons. Rapid virus detection
could improve triage decisions and allow more efficient investigation,
treatment, and disposition of patients.

In concordance with previous studies, our results indicate poten-
tially suboptimal prescription of antimicrobials among respiratory ill-
ness patients [37]. Oseltamivir reduces complications, decreases
symptom duration, and is recommended by the CDC, WHO, and In-
fectious Disease Society of America (IDSA) [38,35,39,40]. However,
over three-fourths of eligible cases did not receive this therapy; similar
under-utilization has been previously reported [14]. Appropriate de-
livery of oseltamivir is especially important in outbreak situations to
limit virus transmission. Antiviral medications should be administered
within 48 h of symptom onset [35] yet delays in patient presentation,
lack of a reliable clinical diagnosis, and diagnostics with low sensitivity
or long TATs make timely antiviral delivery difficult. Similarly, our
study suggests that rapid test results could improve patient manage-
ment by preventing unnecessary antibiotic administration. In 9% of
cases, antibiotics were prescribed because no clear etiology was de-
termined. These are likely patients for whom a viral source may have
caused reconsideration of antibiotic therapy. Antibiotic resistance is a
looming threat to public health. Taken together, POC-PCR could be
another clinical intervention employed to improve antimicrobial

Table 1
Patient Characteristics.

Variable N=119 (%)a

Age median (range), years
0 to < 12mo
12mo to < 6yrs
6 yrs to <18 yrs
18 yrs to < 65 yrs
65+ yrs

7.6 (0.3–91)
17 (14.3)
35 (29.4)
24 (20.2)
35 (29.4)
8 (6.7)

Sex Male
Female

59 (49.6)
60 (50.4)

Race White
Asian/Pacific Islander
Hispanic
Black
Other

22 (18.5)
16 (13.5)
66 (55.5)
6 (5.0)
9 (7.6)

Flu vaccination status Received 67 (56.3)
History of smoking Never

Yes, Past
Yes, Present

106 (89.1)
11 (9.2)
2 (1.7)

POC-PCR results Negative rapid test
Positive rapid test
Type:
Influenza A
Influenza B
RSV

56 (47.1)
63 (52.9)
27 (42.9)
10 (15.9)
26 (41.3)

a Percentages may not sum to 100% due to rounding.

Table 2
Social distancing and time to test result.

Room type All patients
(N=119)

Positive
POC-PCR
(N=63)

Private room, n (%) 39 (32.8) 19 (30.2)
Shared room, n (%) 80 (67.2) 44 (69.8)
Cohort room, n (%) 0 (0.0) 0 (0.0)

Time to test result Median (range)
ED arrival to room placement, mins 26 (1–200)
Sample collection to laboratory-PCR result, mins 324 (138–1,332)

Table 3
Comparison of POC-PCR to laboratory-PCR for detection of Influenza A/B and
RSV.

POC-PCR PCRa Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

No.
Positiveb

No.
Negativec

Positive 17 1 100.0% (80.5–100.0%) 95.2% (76.2–99.9%)
Negative 0 20

a Laboratory-PCR was considered gold standard for comparison.
b 9 positive for influenza A, 3 for influenza B, and 5 for RSV.
c 1 false positive for laboratory-confirmed metapneumovirus – a virus for

which the POC-PCR does not test, 4 other samples of laboratory-confirmed
metapneumovirus were appropriately POC-PCR negative.
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stewardship.
POC testing utility is measured by both speed and reliability. For

example, despite its speed, rapid antigen technology has not become
clinically relevant due to its low sensitivity. In addition to providing
rapid results, previous studies have shown POC-PCR to have high sen-
sitivity (97.5%–100%) and specificity (100%) as compared to labora-
tory-PCR [25,41]. Although the subset of patients who received both
POC-PCR and laboratory-PCR was small (N=38 with 18 positive
samples), the POC-PCR sensitivity and specificity reported here is
consistent with previous studies. The false positive recorded in this
study was laboratory-PCR positive for metapneumovirus – a virus for
which the POC-PCR does not test. Importantly, three other cases also
laboratory-PCR positive for metapneumovirus and one case PCR posi-
tive for both metapneumovirus and coronavirus were appropriately
POC-PCR negative. In all, the POC-PCR detected over two-thirds of
virus-positive patients as influenza and RSV prevalence far outweighed
that of the 9 other viruses in the laboratory-PCR panel.

Given concerns about pandemic influenza and ED overcrowding
especially during peak respiratory season, our study highlights the need
for better risk recognition and infection control measures upon patient
arrival to mitigate infection transmission. This aligns with WHO
Guidelines which strongly recommend rapidly identify patients with
ARIs at triage, the use of face masks, and spatial separation of ARI
patients and non-ARI patients and moderately recommend cohorting
patients to reduce ARI transmission to both health care workers and
other patients [33].

ED LOS is affected by proximal factors, such as room availability,
and distal factors, such as number of ancillary diagnostic tests and test
results TAT. During peak influenza season, both the hospital and la-
boratory are burdened. Decreasing outlier TAT for laboratory tests
decreases ED LOS [42]. Although our current study was not designed to
evaluate rapid POC-PCR impact on ED LOS, our prior study suggests ED
LOS reduction by 33min if POC-PCR is performed during post-rooming
ED evaluation, with potential for further reduction if POC-PCR is per-
formed at triage [34]. Additional clinical impact includes reduced an-
cillary diagnostic testing and costs [30,27–29]. Future studies are
needed to ascertain if decreasing ED LOS may reduce disease trans-
mission by limiting contact time and to assess POC-PCR cost-effec-
tiveness at triage during both peak and non-peak ARI season.

This was a prospective cohort study of CDC-defined ARI criteria.
Our study enrollment hours were purposefully chosen during peak ED
hours to examine POC-PCR utility in an efficient manner. It is possible
that patients in off-study hours or those who declined enrollment were
different than participants. A large number of patients refused to par-
ticipate because the test results were not used to guide care. However,
we found no difference in demographic and screening clinical char-
acteristics among participants and non-participants. Additionally, our
sample’s median age was 7.6 years. Given that children shed higher
virus titers than adults, the reported POC-PCR sensitivity could be fal-
sely inflated.

POC-PCR utility and cost-effectiveness should also be examined
during times when EDs are not burdened by viral respiratory illness,
when utility may be reduced. Our study’s generalizability is potentially
handicapped by conduction in a single academic medical center - op-
erating protocols and disease burden vary geographically and by hos-
pital type. However, given the ARI burden during winter months, we

propose that our results are likely generalizable during peak ARI
season.

ARIs cause significant morbidity and mortality globally and the
need for improved diagnostic methods is clear. Our data suggest that
during peak ARI season, a rapid and accurate POC-PCR in ED triage
could improve social distancing measures for patients who present with
ARI symptoms, optimize antiviral and antibiotic prescription practices,
and shorten patient dispositions. Further investigation of ED triage
POC-PCR and its utility during non-peak ARI season should be con-
ducted.

Authors’ contributions

CourtneyJ.Pedersen: Formal analysis, Writing - Original draft
preparation, Writing – Reviewing & Editing. Daniel T. Rogan:
Methodology, Writing – Reviewing & Editing. Samuel Yang:
Conceptualization, Methodology, Resources, Writing – Reviewing &
Editing. James V. Quinn: Conceptualization, Methodology, Resources,
Writing – Reviewing & Editing.

Funding

Roche Molecular Systems. Inc. provided SY and JVQ support for
study coordinators and investigator time through an investigator in-
itiated request for proposal.

Competing interests

Roche Molecular Systems had no contribution to data collection,
data analysis, or writing of this manuscript.

Ethical approval

Stanford University Institutional Review Board approval was ob-
tained prior to the beginning of the study and informed consent and
assent (for those under 18) documents (English and Spanish) were
approved for the study with a waiver of documentation (no signature or
documentation of consent required). Participants were provided the
appropriate consent documents and consent was obtained from every
participant in the study prior to enrollment. For participants under the
age of 18, parental consent and when possible, child assent was ob-
tained.

Acknowledgements

Not applicable.

References

[1] J.B. Mahony, A. Petrich, M. Smieja, Molecular diagnosis of respiratory virus in-
fections, Crit. Rev. Clin. Lab Sci. 48 (5-6) (2011) 217–249, https://doi.org/10.
3109/10408363.2011.640976.

[2] J.B. Mahony, Nucleic acid amplification-based diagnosis of respiratory virus in-
fections, Expert Rev. Anti Infect. Ther. 8 (11) (2010) 1273–1292, https://doi.org/
10.1586/eri.10.121.

[3] W.W. Thompson, D.K. Shay, E. Weintraub, L. Brammer, C.B. Bridges, N.J. Cox,
K. Fukuda, Influenza-associated hospitalizations in the United States, JAMA 292

Table 4
Oseltamivir and Antibiotics Ordered by Physicians.

Antibiotic ordered Virus
Positive
n= 63 (%)

Virus
Negative
n=56 (%)

Oseltamivir ordered Influenza
Positive
n= 37 (%)

Influenza
Negative
n= 82 (%)

No 97 (81.5) 57 (90.5) 40 (71.4) No 108 (90.8) 27 (73.0) 81 (98.8)
Yes 22 (18.5) 6 (9.5) 16 (28.6) Yes 11 (9.2) 10 (27.0) 1 (1.2)

C.J. Pedersen et al. Journal of Clinical Virology 108 (2018) 72–76

75

https://doi.org/10.3109/10408363.2011.640976
https://doi.org/10.3109/10408363.2011.640976
https://doi.org/10.1586/eri.10.121
https://doi.org/10.1586/eri.10.121


(11) (2004) 1333–1340, https://doi.org/10.1001/jama.292.11.1333.
[4] W.W. Thompson, D.K. Shay, E. Weintraub, L. Brammer, N. Cox, L.J. Anderson,

K. Fukuda, Mortality associated with influenza and respiratory syncytial virus in the
United States, JAMA 289 (2) (2003) 179–186.

[5] (WHO); WHO, A Manual for Estimating Disease Burden Associated With Seasonal
Influenza, World Health Organization, Geneva, 2015.

[6] H. Rashid, I. Ridda, C. King, M. Begun, H. Tekin, J.G. Wood, R. Booy, Evidence
compendium and advice on social distancing and other related measures for re-
sponse to an influenza pandemic, Paediatr. Respir. Rev. 16 (2) (2015) 119–126,
https://doi.org/10.1016/j.prrv.2014.01.003.

[7] N. Sugaya, M. Shinjoh, K. Mitamura, T. Takahashi, Very low pandemic influenza a
(H1N1) 2009 mortality associated with early neuraminidase inhibitor treatment in
Japan: analysis of 1000 hospitalized children, J. Infect. 63 (4) (2011) 288–294,
https://doi.org/10.1016/j.jinf.2011.06.008.

[8] C. Warren-Gash, E. Fragaszy, A.C. Hayward, Hand hygiene to reduce community
transmission of influenza and acute respiratory tract infection: a systematic review,
Influenza Other Respir. Viruses 7 (5) (2013) 738–749, https://doi.org/10.1111/irv.
12015.

[9] P.A. Silka, J.M. Geiderman, J.B. Goldberg, L.P. Kim, Demand on ED resources
during periods of widespread influenza activity, Am. J. Emerg. Med. 21 (7) (2003)
534–539.

[10] D.J. Muscatello, K.J. Bein, M.M. Dinh, Influenza-associated delays in patient
throughput and premature patient departure in emergency departments in New
South Wales, Australia: a time series analysis, Emerg. Med. Australas (2017),
https://doi.org/10.1111/1742-6723.12808.

[11] N. Beysard, B. Yersin, P. Meylan, O. Hugli, P.N. Carron, Impact of the 2014-2015
influenza season on the activity of an academic emergency department, Intern.
Emerg. Med. (2017), https://doi.org/10.1007/s11739-017-1606-z.

[12] C.D. Salgado, B.M. Farr, K.K. Hall, F.G. Hayden, Influenza in the acute hospital
setting, Lancet Infect. Dis. 2 (3) (2002) 145–155.

[13] D.J. Stott, G. Kerr, W.F. Carman, Nosocomial transmission of influenza, Occup.
Med. (Lond.) 52 (5) (2002) 249–253.

[14] A.F. Dugas, A. Valsamakis, M.R. Atreya, K. Thind, P. Alarcon Manchego, A. Faisal,
C.A. Gaydos, R.E. Rothman, Clinical diagnosis of influenza in the ED, Am. J. Emerg.
Med. 33 (6) (2015) 770–775, https://doi.org/10.1016/j.ajem.2015.03.008.

[15] S.A. Call, M.A. Vollenweider, C.A. Hornung, D.L. Simel, W.P. McKinney, Does this
patient have influenza? JAMA 293 (8) (2005) 987–997, https://doi.org/10.1001/
jama.293.8.987.

[16] P.P. Lam, B.L. Coleman, K. Green, J. Powis, D. Richardson, K. Katz, B. Borgundvaag,
T. Smith-Gorvie, J.C. Kwong, S.J. Bondy, A. McGeer, Predictors of influenza among
older adults in the emergency department, BMC Infect. Dis. 16 (1) (2016) 615,
https://doi.org/10.1186/s12879-016-1966-4.

[17] A.S. Monto, S. Gravenstein, M. Elliott, M. Colopy, J. Schweinle, Clinical signs and
symptoms predicting influenza infection, Arch. Intern. Med. 160 (21) (2000)
3243–3247.

[18] G.P. Leonardi, A.M. Wilson, I. Mitrache, A.R. Zuretti, Comparison of the Sofia and
veritor direct antigen detection assay systems for identification of influenza viruses
from patient nasopharyngeal specimens, J Clin. Microbiol. 53 (4) (2015)
1345–1347, https://doi.org/10.1128/JCM.03441-14.

[19] R.S. Liao, L.L. Tomalty, A. Majury, D.E. Zoutman, Comparison of viral isolation and
multiplex real-time reverse transcription-PCR for confirmation of respiratory syn-
cytial virus and influenza virus detection by antigen immunoassays, J. Clin.
Microbiol. 47 (3) (2009) 527–532, https://doi.org/10.1128/JCM.01213-08.

[20] A.E. Casiano-Colon, B.B. Hulbert, T.K. Mayer, E.E. Walsh, A.R. Falsey, Lack of
sensitivity of rapid antigen tests for the diagnosis of respiratory syncytial virus in-
fection in adults, J. Clin. Virol. 28 (2) (2003) 169–174.

[21] Centers for Disease Control and Prevention, Evaluation of 11 Commercially
Available Rapid Influenza Diagnostic Tests - United States, 2011-2012. MMWR
Morb Mortal Wkly Report vol. 61, (2012).

[22] C.C. Ginocchio, F. Zhang, R. Manji, S. Arora, M. Bornfreund, L. Falk, M. Lotlikar,
M. Kowerska, G. Becker, D. Korologos, M. de Geronimo, J.M. Crawford, Evaluation
of multiple test methods for the detection of the novel 2009 influenza A (H1N1)
during the New York City outbreak, J. Clin. Virol. 45 (3) (2009) 191–195, https://
doi.org/10.1016/j.jcv.2009.06.005.

[23] Y. Chen, D. Cui, S. Zheng, S. Yang, J. Tong, D. Yang, J. Fan, J. Zhang, B. Lou, X. Li,
X. Zhuge, B. Ye, B. Chen, W. Mao, Y. Tan, G. Xu, Z. Chen, N. Chen, L. Li,
Simultaneous detection of influenza A, influenza B, and respiratory syncytial
viruses and subtyping of influenza A H3N2 virus and H1N1 (2009) virus by mul-
tiplex real-time PCR, J. Clin. Microbiol. 49 (4) (2011) 1653–1656, https://doi.org/
10.1128/JCM.02184-10.

[24] E. Lee-Lewandrowski, D. Corboy, K. Lewandrowski, J. Sinclair, S. McDermot,
T.I. Benzer, Implementation of a point-of-care satellite laboratory in the emergency
department of an academic medical center. Impact on test turnaround time and
patient emergency department length of stay, Arch. Pathol. Lab Med. 127 (4)
(2003) 456–460, https://doi.org/10.1043/0003-9985(2003)

127<0456:IOAPSL>2.0.CO;2.
[25] M.J. Binnicker, M.J. Espy, C.L. Irish, E.A. Vetter, Direct detection of influenza A and

B viruses in less than 20 minutes using a commercially available Rapid PCR assay, J.
Clin. Microbiol. 53 (7) (2015) 2353–2354, https://doi.org/10.1128/JCM.
00791-15.

[26] L. Busson, B. Mahadeb, M. De Foor, O. Vandenberg, M. Hallin, Contribution of a
rapid influenza diagnostic test to manage hospitalized patients with suspected in-
fluenza, Diagn. Microbiol. Infect. Dis. 87 (3) (2017) 238–242, https://doi.org/10.
1016/j.diagmicrobio.2016.11.015.

[27] S. Lacroix, B. Vrignaud, E. Avril, A. Moreau-Klein, M. Coste, E. Launay, C. Gras-Le
Guen, Impact of rapid influenza diagnostic test on physician estimation of viral
infection probability in paediatric emergency department during epidemic period,
J. Clin. Virol. 72 (2015) 141–145, https://doi.org/10.1016/j.jcv.2015.08.002.

[28] S.B. Iyer, M.A. Gerber, W.J. Pomerantz, J.E. Mortensen, R.M. Ruddy, Effect of point-
of-care influenza testing on management of febrile children, Acad. Emerg. Med. 13
(12) (2006) 1259–1268, https://doi.org/10.1197/j.aem.2006.07.026.

[29] M. Soto, L. Sampietro-Colom, A. Vilella, E. Pantoja, M. Asenjo, R. Arjona,
J.C. Hurtado, A. Trilla, M.J. Alvarez-Martinez, A. Mira, J. Vila, M.A. Marcos,
Economic impact of a New Rapid PCR assay for detecting influenza virus in an
emergency department and hospitalized patients, PLoS One 11 (1) (2016)
e0146620, https://doi.org/10.1371/journal.pone.0146620.

[30] R.E. Nelson, C. Stockmann, A.L. Hersh, A.T. Pavia, K. Korgenksi, J.A. Daly,
M.R. Couturier, K. Ampofo, E.A. Thorell, E.H. Doby, J.A. Robison, A.J. Blaschke,
Economic analysis of rapid and sensitive polymerase chain reaction testing in the
emergency department for influenza infections in children, Pediatr Infect. Dis. J. 34
(6) (2015) 577–582, https://doi.org/10.1097/INF.0000000000000703.

[31] S. Weber, H. Lowe, S. Malunjkar, J. Quinn, Implementing a real-time complex event
stream processing system to help identify potential participants in clinical and
translational research studies, AMIA Annual Symposium Proceedings AMIA
Symposium (2010) 472–476.

[32] P.A. Harris, R. Taylor, R. Thielke, J. Payne, N. Gonzalez, J.G. Conde, Research
electronic data capture (REDCap)—a metadata-driven methodology and workflow
process for providing translational research informatics support, J. Biomed. Inform.
42 (2) (2009) 377–381.

[33] WHO, Infection prevention and control of epidemic- and pandemic-prone acute
respiratory infections - WHO guidelines, Pandemic and Epidemic Diseases, WHO,
Geneva, 2014.

[34] D.T. Rogan, M.S. Kochar, S. Yang, J.V. Quinn, Impact of Rapid molecular re-
spiratory virus testing on Real-time decision making in a pediatric emergency de-
partment, J. Mol. Diagn. 19 (3) (2017) 460–467, https://doi.org/10.1016/j.jmoldx.
2017.01.009.

[35] A. Fiore, A. Fry, D. Shay, L. Gubareva, J. Bresee, T. Uyeki, Centers for diease control
and prevention (CDC). Antiviral agents for the treatment and chemoprophylaxis of
influenza – recommendations of the advisory committee on immunization practices
(ACIP), MMWR Surveill. Summ. 60 (2011) 1–24.

[36] T. Jefferson, C.B. Del Mar, L. Dooley, E. Ferroni, L.A. Al-Ansary, G.A. Bawazeer,
M.L. van Driel, S. Nair, M.A. Jones, S. Thorning, J.M. Conly, Physical interventions
to interrupt or reduce the spread of respiratory viruses, Cochrane Database Syst.
Rev. (7) (2011) CD006207, https://doi.org/10.1002/14651858.CD006207.pub4.

[37] E. Linehan, M. Brennan, S. O’Rourke, S. Coughlan, L. Clooney, D. LeBlanc, J. Griffin,
M. Eogan, R.J. Drew, Impact of introduction of xpert flu assay for influenza PCR
testing on obstetric patients: a quality improvement project, J. Matern. Fetal
Neonatal. Med (2017) 1–5, https://doi.org/10.1080/14767058.2017.1306048.

[38] T. Jefferson, M. Jones, P. Doshi, E.A. Spencer, I. Onakpoya, C.J. Heneghan,
Oseltamivir for influenza in adults and children: systematic review of clinical study
reports and summary of regulatory comments, BMJ 348 (2014) g2545, https://doi.
org/10.1136/bmj.g2545.

[39] S.A. Harper, J.S. Bradley, J.A. Englund, T.M. File, S. Gravenstein, F.G. Hayden,
A.J. McGeer, K.M. Neuzil, A.T. Pavia, M.L. Tapper, T.M. Uyeki, R.K. Zimmerman,
Expert Panel of the Infectious Diseases Society of A, Seasonal influenza in adults and
children–diagnosis, treatment, chemoprophylaxis, and institutional outbreak man-
agement: clinical practice guidelines of the Infectious Diseases Society of America,
Clin. Infect. Dis. 48 (8) (2009) 1003–1032, https://doi.org/10.1086/598513.

[40] WHO, WHO Recommendations on the Use of Rapid Testing for Influenza Diagnosis,
(2005) Accessed August 4 2017 http://www.who.int/influenza/resources/
documents/rapid_testing/en/index.html.

[41] J. Gibson, E.M. Schechter-Perkins, P. Mitchell, S. Mace, Y. Tian, K. Williams, R. Luo,
B. Yen-Lieberman, Multi-center evaluation of the cobas® Liat® influenza A/B & RSV
assay for rapid point of care diagnosis, J. Clin. Virol. 95 (5–9) (2017), https://doi.
org/10.1016/j.jcv.2017.08.004 Epub 2017 Aug 8.

[42] L.L. Holland, L.L. Smith, K.E. Blick, Reducing laboratory turnaround time outliers
can reduce emergency department patient length of stay: an 11-hospital study, Am.
J. Clin. Pathol. 124 (5) (2005) 672–674, https://doi.org/10.1309/E9QP-VQ6G-
2FBV-MJ3B.

C.J. Pedersen et al. Journal of Clinical Virology 108 (2018) 72–76

76

https://doi.org/10.1001/jama.292.11.1333
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0020
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0020
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0020
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0025
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0025
https://doi.org/10.1016/j.prrv.2014.01.003
https://doi.org/10.1016/j.jinf.2011.06.008
https://doi.org/10.1111/irv.12015
https://doi.org/10.1111/irv.12015
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0045
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0045
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0045
https://doi.org/10.1111/1742-6723.12808
https://doi.org/10.1007/s11739-017-1606-z
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0060
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0060
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0065
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0065
https://doi.org/10.1016/j.ajem.2015.03.008
https://doi.org/10.1001/jama.293.8.987
https://doi.org/10.1001/jama.293.8.987
https://doi.org/10.1186/s12879-016-1966-4
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0085
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0085
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0085
https://doi.org/10.1128/JCM.03441-14
https://doi.org/10.1128/JCM.01213-08
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0105
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0105
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0105
https://doi.org/10.1016/j.jcv.2009.06.005
https://doi.org/10.1016/j.jcv.2009.06.005
https://doi.org/10.1128/JCM.02184-10
https://doi.org/10.1128/JCM.02184-10
https://doi.org/10.1043/0003-9985(2003)127<0456:IOAPSL>2.0.CO;2
https://doi.org/10.1043/0003-9985(2003)127<0456:IOAPSL>2.0.CO;2
https://doi.org/10.1128/JCM.00791-15
https://doi.org/10.1128/JCM.00791-15
https://doi.org/10.1016/j.diagmicrobio.2016.11.015
https://doi.org/10.1016/j.diagmicrobio.2016.11.015
https://doi.org/10.1016/j.jcv.2015.08.002
https://doi.org/10.1197/j.aem.2006.07.026
https://doi.org/10.1371/journal.pone.0146620
https://doi.org/10.1097/INF.0000000000000703
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0155
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0155
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0155
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0155
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0160
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0160
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0160
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0160
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0165
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0165
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0165
https://doi.org/10.1016/j.jmoldx.2017.01.009
https://doi.org/10.1016/j.jmoldx.2017.01.009
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0175
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0175
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0175
http://refhub.elsevier.com/S1386-6532(18)30223-3/sbref0175
https://doi.org/10.1002/14651858.CD006207.pub4
https://doi.org/10.1080/14767058.2017.1306048
https://doi.org/10.1136/bmj.g2545
https://doi.org/10.1136/bmj.g2545
https://doi.org/10.1086/598513
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
https://doi.org/10.1016/j.jcv.2017.08.004
https://doi.org/10.1016/j.jcv.2017.08.004
https://doi.org/10.1309/E9QP-VQ6G-2FBV-MJ3B
https://doi.org/10.1309/E9QP-VQ6G-2FBV-MJ3B

