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Background: Acute respiratory infections (ARI) are a leading cause of morbidity and mortality worldwide. There
is a need to demonstrate the clinical impact of using the new, rapid and sensitive molecular assays in pro-
spectively designed studies.

Amibi‘)t?cf Objectives: To study the impact on medical management of a rapid molecular assay in patients with respiratory
Oseltamivir infections.
FilmArray

Study design: A prospective, randomized, non-blinded study was performed in patients presenting to the
Emergency Department during two respiratory seasons (2016-2017). Diagnosis was performed by FilmArray
Respiratory Panel (FilmArray-RP) or by immunofluorescence assay (IFA).

Results: A total of 432 patients (156 children and 276 adults) were analyzed. Diagnosis with FilmArray-RP was
associated with significant changes in medical management including withholding antibiotic prescriptions
(OR:15.52, 95%CI:1.99-120.83 in adults and OR:12.23, 95%CI:1.56-96.09 in children), and reduction in
complementary studies in children (OR:9.64, 95%CI:2.13-43.63) compared to IFA. Decrease in oseltamivir
prescriptions was significantly higher in adults in the FilmArray-RP group (p = 0.042; OR:1.19, 95%CI:0.51-
2.79) compared to adults managed with IFA. Diagnostic yield was significantly higher by FilmArray-RP (81%)
than by IFA (31%)(p < 0.001). The median time from sample collection to reporting was 1h 52min by
FilmArray-RP and 26 h by IFA (p < 0.001).

Conclusions: The high respiratory viruses’ detection rate and availability of results within two hours when using
FilmArray-RP were associated with decreases in antibiotic prescriptions and complementary studies and more
accurate use of oseltamivir.

Clinical impact

1. Background

Acute respiratory infections (ARI) are a leading cause of morbidity
and mortality worldwide. Although usually more severe in children, the
elderly and immunocompromised patients, all populations and age
groups are susceptible. These infections have a significant impact on
medical office and emergency department (ED) visits, antimicrobial
prescriptions, hospitalizations and lost time from work and school.

The most frequent agents responsible for ARI are respiratory viruses

followed by bacteria [1,2]. Empiric treatment with antibiotics is fre-
quently initiated even when viral infection is a strong possibility,
leading to unnecessary antibiotic use [3,4].

Direct diagnosis of respiratory viruses by antigen detection using
immunofluorescence assays (IFA), is still used but is typically limited to
eight viruses (adenovirus [AdV], influenza A [FluA], influenza B [FluB],
parainfluenza [PIV] 1-3, human metapneumovirus [HMPV] and re-
spiratory syncytial virus [RSV]) and may lack sensitivity depending on
the viral titer, patient’s age and time of testing in relation to the onset of
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symptoms [5]. Molecular methods increase viral detection due to a
greater analytic sensitivity compared to conventional methods such as
antigen detection and/or viral culture. Additional increased yield re-
sults from the detection of respiratory viruses that are not effectively
detected by conventional methods, including rhinoviruses and cor-
onaviruses.

In children with ARI, viral positivity rates range from 40 to 45% by
IFA to 67-88% by molecular methods [6-9]. Viral positivity rates are
lower in adults and can vary from 14 to 29% by IFA [10] to 66% by
molecular methods [11].

New multiplex molecular systems using closed test formats have
significantly decreased processing times. The FilmArray  Respiratory
Panel (FilmArray-RP) (BioFire/bioMérieux, Salt Lake City, UT) can
detect 20 pathogens within two hours [9]. There is a need to demon-
strate the clinical impact of using these new, rapid, sensitive molecular
assays in prospectively designed studies [12].

1.1. Objectives

The aim of this study was to determine if timely etiological diag-
nosis could have an impact on medical management in relation to an-
tibiotic and antiviral prescription, and use of complementary studies,
when patients were tested by either FimArray-RP or IFA. In addition,
the diagnostic yield, admission rate and length of stay (LOS) in hospi-
talized patients, were compared between both diagnostic methods.

2. Study design

We performed a prospective, randomized, non-blinded study in
children and adults with acute lower respiratory infection (ALRI) who
attended the ED at Centro de Educacién Médica e Investigaciones
Clinicas (CEMIC) University Hospital, Buenos Aires, Argentina over two
respiratory seasons (April-November 2016 and April-October 2017).
Inclusion criteria were: age 2 months — 6 years of age (children) or
greater than 18 years (adults), with signs/symptoms of ALRI with onset
within the preceding 7 days, and signed informed consent.

Exclusion criteria were: congenital cardiac disease, neurological or
genetic disorders, cancer, HIV, immunosuppression or solid organ or
hematopoietic stem cell transplantation.

This study was approved by the CEMIC Institutional Review Board
(N°0962).

ALRI was defined as presence of at least two of the following signs
or symptoms: fever/history of fever, cough, tachypnea, wheezing, dif-
ficulty breathing, diffuse or focal signs at auscultation or presumptive
diagnosis of bronchiolitis, influenza-like illness (ILI), bronchitis, lar-
yngotracheitis or pneumonia.

A change in medical management was defined as any change be-
tween the initial intention to treat with antibiotics or oseltamivir and/
or to order complementary studies and the final decision- after test
results were available.

2.1. Procedure and randomization

While evaluating the patient, the attending physician invited the
patient to participate in the study. After acceptance, the doctor docu-
mented demographic data, signs/symptoms, presumptive clinical di-
agnosis and medical management plan (planned antibiotic and antiviral
prescriptions and complementary studies) on a standardized form. At
that moment, the physician obtained a nasopharyngeal swab (Puritan,
USA) that was placed in 3mL viral transport media. The physician
called the laboratory for study randomization (FilmArray-RP or IFA)
that was assigned by a computer generated allocation. Subjects were
recruited Monday through Friday from 8 a.m. to 7 pm. From April to
May 2016 the randomization ratio was 1:1. From July to November
2016, this ratio could not be maintained because of staffing constraints.
Thus, samples received from 10 a.m. to 5pm were processed by
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FilmArray-RP while samples received outside that period were pro-
cessed by IFA. In 2017, randomization ratio returned to 1:1.

Samples assigned to the FilmArray-RP group were retrieved from
the ED by a member of the research team and immediately processed
upon arrival in the virology laboratory, while samples that were as-
signed to the IFA group were transported to the general laboratory and
subsequently to the virology laboratory by routine processes.

2.2. Laboratory diagnosis

The FilmArray-RP detects 17 viruses (RSV, FluA H1, H1-2009, H3,
FluB, AdV, PIV 1-4, RV/EV, HMPV, HCoV OC43, 229E, NL63, HKU1),
and 3 atypical bacteria (Bordetella pertussis, Mycoplasma pneumoniae,
and Chlamydia pneumoniae). Samples were tested according to the
manufacturer’s instructions. Addition of rehydration buffer and sample
to the RP-FilmArray pouch was performed in a biological safety cabinet
and the pouch was then inserted into the FilmArray instrument (version
1.5) (BioFire/bioMérieux). Test time was approximately 65 min. The
IFA was an indirect immunofluorescence assay with specific mono-
clonal antibodies for RSV, FluA, FluB, PIV 1-3 and AdV (Millipore/
Chemicon, Temecula, CA) that takes a minimum of 3h to perform.
Samples were batched and the assay was performed once per day, with
results reported by 4:00 pm each day. IFA is used as standard of care in
children at our institution.

2.3. Results reporting and information in hospitalized patients

Results of the FilmArray-RP or IFA were reported by telephone to
the physician who initially saw the patient, as soon as they were
available and results were also uploaded into the laboratory system. At
that moment, the physician was questioned by a member of the study
team about any changes in medical management (antibiotic or antiviral
therapy or complementary studies) between the original plan pre-
viously documented on the standardized form and the final manage-
ment plan with the reported test results. In patients who required
hospitalization, information about LOS, oxygen therapy, ICU stay or
mortality was obtained from medical records.

2.4. Complementary studies

Complementary studies included chest x-ray, computerized tomo-
graphy scan, complete blood count, urinary antigen for Streptococcus
pneumoniae or Legionella pneumoniae and bacterial cultures of blood,
urine or sputum.

2.5. Power and sample size calculations

To identify a two-fold difference in medical change with a 95%
confidence and a power of 80%, the minimum sample size required was
200 in the FimArray-RP group and 100 in the IFA group.

2.6. Statistical analysis

Demographic, clinical characteristics and changes in medical man-
agement between patients tested by FilmArray-RP or IFA were com-
pared using Chi-square or Fisher’s exact test for categorical variables
and Mann-Whitney-Wilcoxon test for numeric variables. Multivariate
analyses using logistic regression models were adjusted for age (months
for children and years for adults), sex, and randomization using STATA
14 (Stata Corp, College Station, TX, USA). Associations were measured
by estimating the odds ratios (OR) and associated 95% confidence in-
tervals (CI). P values < 0.05 were considered statistically significant.
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Table 1
Demographic and clinical characteristics of children and adults with lower ARI according to diagnostic method.
Children Adults
Total FilmArray-RP IFA p Total FilmArray-RP IFA p
(n = 156) (n =113) (n=43) value (n = 276) (n =176) (n = 100) value
n (%) n (%) n (%) n (%) n (%) n (%)
Demographic characteristics
Age?, Median (IQR) 9 (3.5-21.5) 9 (3-17) 15 (5-31) 0.117 43 (34-63) 46 (35-68) 41 (33-53) 0.009
Sex (male) 100 (64.1) 73 (64.6) 27 (62.8) 0.833 113 (40.9) 73 (41.5) 40 (40.0) 0.810
Vaccines up-to-date 133 (85.8) 96 (85.7) 37 (86.1) 0.958 NA NA NA
Influenza vaccine ® 37 (55.2) 29 (56.9) 8 (50.0) 0.775 42 (51.9) 32 (58.2) 10 (40.0) 0.102
Presumptive Diagnosis
Bronchiolitis 76 (48.7) 55 (48.6) 21 (48.8) 0,985 NA NA NA
Bronchitis 13 (8.3) 9 (7.9) 4 (9.3) 0.754 55 (19.9) 36 (20.5) 19 (19.0) 0.771
Influenza-like illness 60 (38.4) 44 (38.9) 16 (37.2) 0.843 144 (52.2) 83 (47.2) 61 (61.0) 0.027
Laryngotracheitis NA NA NA 16 (5.8) 10 (5.7) 6 (6.0) 0.922
Pneumonia 7 (4.5) 5 4.4) 2 (4.6) 0.999 62 (22.5) 48 (27.3) 14 (14.0) 0.011
Hospitalization 29 (18.6) 20 17.7) 9 (20.9) 0.643 34 (12.3) 24 (13.6) 10 (10.0) 0.377

aAge given in months for children and years for adults. ® Influenza vaccine was analyzed in children (n = 67) ages 6 months - 2 years old, and adults (n = 81) > 65
years of age, and pregnant women. FilmArray-RP: BioFire FilmArray respiratory panel, IFA: immunofluorescence assay, n = number, IQR: interquartile range, NA:

not applicable.
3. Results
3.1. Population characteristics

From April-November 2016 and April-October 2017, 442 patients
were enrolled in the study. Ten of these patients (2%) were not included
(3 had inadequate samples, 3 declined participation, 2 consented but
the test was not performed, and 2 had incomplete forms). Thus 432
patients (156 children and 276 adults) were enrolled and included in
the analysis. Demographic, epidemiological and clinical characteristics
were similar between the two groups (Table 1). For children, the
median age was 9 months, 64% were male, and 86% were up to date
with mandatory vaccines. For adults, the median age was 43 years, 41%
were male and 24% were older than 65 years.

The lack of 1:1 ratio randomization during the second portion of
2016 resulted in a higher number of patients being enrolled in the
FilmArray-RP group: 289 were tested by FilmArray-RP and 143 by IFA.

3.1.1. Etiology

The diagnostic yield was significantly higher for FilmArray-RP than
for IFA (p < 0.001). Using FilmArray-RP, a respiratory pathogen was
detected in 93% of children (99% viruses and 1% M. pneumoniae) and in
74% of adults (100% viruses). In contrast, when using IFA, a respiratory
virus was detected in 49% of children and in 23% of adults. Respiratory
pathogen distribution in children and adults for the IFA or FilmArray-
RP diagnostic group is shown in Fig. 1. The percentage of viral coin-
fections with FilmArray-RP was 31% in children and 7% in adults. IFA
did not detect any coinfections.

3.1.2. Test turnaround time

The median transport time from sample collection at ED to arrival at
the laboratory was 15 min (IQR 10-25) for the FilmArray-RP samples
and 120 min (IQR 42-930) for IFA samples (p < 0.001). The median
time from sample collection to results reported to the attending phy-
sician (turnaround time [TAT]) was 1h 52 min (IQR 1h 38min-2h
30min) for the FilmArray-RP group and 26h 40 min (IQR
20 hours—48 hours) for the IFA group (p < 0.001).

3.2. Changes in medical management

Overall, a change in medical management was four times more
frequent in the FilmArray-RP group than the IFA group. Specifically,
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the odds ratio for changing was 8 times higher in children (OR = 8.07
CI95% 3.03-21.47) (p < 0.001) and more than 2 times higher in
adults (OR = 2.67 CI95% 1.32-5.40) (p = 0.006) (Table 2). In chil-
dren, the changes were associated with decreases in antibiotics and
complementary studies. In adults, they were associated with decreases
in antibiotics and oseltamivir prescriptions.

Univariate and multivariate analysis of the period with a 1:1 ran-
domization ratio and without 1:1 randomization ratio (second portion
of 2016) showed the same trend for the changes in medical manage-
ment (Suppl. Table 1a and b).

3.2.1. Antibiotics

A significant change between the initial treatment plan and the final
plan in relation to antibiotic prescriptions was observed more fre-
quently in children (23%) and adults (14%) in the FilmArray-RP group
versus the IFA group (2% and 1%, respectively) (p = 0.001 for both
children and adults). The odds ratios for these changes were: 12.23
(CI95% 1.56-96.09; p = 0.017) for children and 15.52 (CI95%
1.99-120.83; p = 0.009) for adults (Table 2). Most changes in anti-
biotic management consisted of deciding not to treat with antibiotics in
cases with viruses detected by the diagnostic test. The greatest change
was observed in adult patients with bronchitis (31% in the FilmArray-
RP group versus 0% in the IFA group; p = 0.005) (OR 9.27 CI95%
1.12-419.18, p = 0.019) and in adult patients with ILI (11% in the
FilmArray-RP group versus 2% in the IFA group; p = 0.014) (Supple-
mental Table2).

In the whole population, antibiotics were withheld in 52 patients
(31%) out of 167 patients who empirically were prescribed antibiotics.

In contrast, changes in plans consisting of a decision to initiate
treatment with antibiotics when diagnostic test results were available
occurred in 5 patients: 3 children (2 tested by FilmArray-RP-one posi-
tive for Mycoplasma pneumoniae and the other Filmarray-RP negative-;
the third patient tested by IFA with negative result) and 2 adults (both
tested negative by FilmArray-RP).

3.2.2. Neuraminidase inhibitors

In adults, a change from an initial intention to treat with oseltamivir
and the final decision to not treat occurred in 12% of FluA/B negative
adults tested by FilmArray-RP versus 9% of FluA/B negative tested by
IFA (p = 0.042). On the other hand, changes consisting of a decision to
treat with oseltamivir made when the diagnostic test result was avail-
able were observed in FluA/B positive adults tested by FilmArray-RP
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Fig. 1. Distribution of positive results by age and diagnostic method.

Table 2
Changes in medical management in children and adults by diagnostic method.

Univariate Analysis

Multivariate Analysis® Multivariate Analysis”

FilmArray-RP IFA p OR (CI95%) p OR (CI95%) p
n (%) n (%)
Children 113 43
Total n of children with a medical change 62 (54.8) 6 (13.9) < 0.001 7.77 (3.02-20.03) < 0.001 8.07 (3.03-21.47) < 0.001
Decrease in antibiotic prescriptions 26 (23.0) 1 (2.3) 0.001 13.17 (1.71-101.01) 0.013 12.23 (1.56-96.09) 0.017
Increase in antibiotic prescriptions 2 1.8) 1 2.3) 0.697
Decrease in oseltamivir prescriptions 2 (1.8) 1 (2.3) 0.621
Increase in oseltamivir prescriptions 2 (1.8) 1 (2.3) 0.621
Decrease in complementary studies 29 (25.7) 2 4.7) 0.001 6.84 (1.53-30.49) 0.012 9.64 (2.13-43.63) 0.003
Increase in complementary studies 6 (5.1) 0 (0.0) 0.087
Adults 176 100
Total n of adults with a medical change 55 (31.3) 14 (14.0)  0.001 2.60 (1.35-5.01) 0.004 2.67 (1.32-5.40) 0.006
Decrease in antibiotic prescriptions 24 (13.6) 1 (1.0) 0.001 15.90 (2.10-119.96) 0.007 15.52 (1.99-120.83) 0.009
Increase in antibiotic prescriptions 2 (1.1) 1 (1.0) 0.657
Decrease in oseltamivir prescriptions 21 (11.9) 9 9.0) 0.042 1.19 (0.51-2.79) 0.683
Increase in oseltamivir prescriptions 12 (6.8) 3 (3.0) 0.091
Decrease in complementary studies 1 (0.6) 0 (0.0) 0.594
Increase in complementary studies 0 (0.0) 1 (1.0) 0.364
Total n patients with a medical change 117 (40.5) 20 (14.0) < 0.001 4.21 (2.48-7.16) < 0.001 4.35 (2.49-7.60) < 0.001

FilmArray-RP: BioFire FilmArray respiratory panel, IFA: immunofluorescence assay, OR: odds ratio, CI: confidence interval, n = number, p values < 0.05 in bold.

@ Logistic regression model adjusted for sex and age.
Y Logistic regression model adjusted for sex, age and randomization.

(6.8%) and by IFA (3%)(p = 0.091).

Of 66 adults who empirically were prescribed with oseltamivir, 21
(32%) were withheld in the FilmArray-RP group and 9 (14%) in the IFA
group.

In children, oseltamivir usage was very low and no significant
changes in treatment with the drug were observed between the two
study groups.

3.2.3. Other diagnostic studies

In children, significant changes consisting of a decrease in com-
plementary studies was observed in the FilmArray-RP group (25.7%)
versus the IFA group (4.7%)(p = 0.001) with an OR = 9.64 (95%CI
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2.13-43.63)(p = 0.003). This change was associated with a reduction
in ordering of chest X-rays (59%) and in blood cell counts (41%). Of
100 patients who empirically had complementary studies ordered, 29%
were withheld in the FilmArray-RP group. In adults, there was no
change in ordering of complementary studies in either diagnostic
group.

3.3. Hospital admission rate and length of stay (LOS)

Among children with ALRI attending the ED, 29/156 (18.6%) re-
quired hospitalization. The hospitalization rate was lower in children
tested by FilmArray-RP (17.7%) than by IFA (20.9%) but the difference
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was not statistically significant (p = 0.643). The median LOS (mea-
sured in days) was lower in the FilmArray-RP group (3 days [IQR 2-3])
compared to the IFA group (5 days [IQR 2-8]) although this difference
was also not statistically significant (p = 0.218). No children died.

Among adults with ALRI attending the ED, 34/276 (12%) required
hospitalization. Hospitalization rates were 13.6% in the FilmArray-RP
group and 10% in the IFA group (p = 0.377). The median LOS was
lower for the FilmArray-RP group (4 days [IQR 2-8] than the IFA group
(10 days [IQR 2-13]) although the difference was not statistically sig-
nificant (p = 0.382). Six adults died during the hospital stay, 3 were
older than 96 years old.

4. Discussion

This study demonstrated that significant changes in medical man-
agement occurred in both children and adults when the results of a
multiplex molecular respiratory panel were rapidly available to physi-
cians in the ED compared to patient management using conventional
testing (IFA). These changes included a decrease in antibiotic pre-
scriptions in children and adults, more accurate oseltamivir treatment
in adults (treatment in influenza positive patients and no treatment in
influenza-negative patients) and a decrease in complementary studies
in children.

Decreasing antibiotic prescription has an impact not only on
avoiding collateral effects [13] but also in contributing to public health
efforts to combat increasing antibiotic resistance. Antibiotic over-
prescribing is a particular problem in primary care, where viruses cause
most of the respiratory infections [4]. Despite the fact that children and
adults were managed by different attending physicians using different
treatment protocols, our study demonstrated a change around 14-23%
in decreasing antibiotic prescriptions in the ED when the FilmArray-RP
results were provided within two hours.

Studies evaluating the impact of respiratory virus diagnosis in re-
lation to antibiotic use are mostly retrospectively and have shown
controversial results for several reasons. Use of a conventional real-time
PCR assay showed little impact on antibiotic use most likely because
test results were available only after 12-36 hours [14]. A retrospective
study using the FilmArray-RP in older adult outpatients showed a de-
crease in antibiotics only in influenza-positive patients [15]. Other
study showed that rapid diagnostic tests for influenza permitted a de-
crease in antibiotics when patients were influenza-positive [16].

Recently, the first prospective randomized study in adults com-
paring FilmArray-RP to conventional PCR assays (or no testing at all)
was published from the U.K. Although no reduction in antibiotic pre-
scriptions was observed, a decrease in antibiotic doses (single dose or
brief courses-less than 48 h) occurred in patients tested by FilmArray-
RP [17]. This was probably due to the fact that patients were im-
mediately started on antibiotics even before test results were available.
In our study, we were able to demonstrate a change in medical man-
agement in relation to a reduction in antibiotic prescriptions in patients
tested by FilmArray-RP. This change was observed not only in influ-
enza- positive patients but also in those positive for other respiratory
viruses. The greatest change was observed in patients with bronchitis
and ILI, while the smallest decrease was observed in patients with
presumptive pneumonia in whom a positive viral diagnosis could not
rule out a potential co-existing bacterial infection. Brendish et al, also
showed little change in antibiotic use in patients with pneumonia tested
by FilmArray-RP. They demonstrated that the greatest impact on anti-
biotic decrease was in patients with asthma and acute exacerbation of
chronic obstructive pulmonary disease [17].

In relation to oseltamivir usage, Chu et al. showed that the im-
plementation of rapid influenza PCR testing was associated with a de-
crease in unnecessary antiviral use among adult inpatients who tested
negative for influenza [18]. In our study, we demonstrated a significant
decrease in oseltamivir prescriptions in adults when they were influ-
enza-negative by FilmArray-RP. On the other hand, an increase in
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oseltamivir use was observed in patients who tested influenza- positive
permitting initiation of appropriate antiviral treatment within the time
frame required for therapeutic efficacy.

Minimizing radiation exposure in children has become an increasing
priority among pediatricians [19]. In our study, a significant decrease
in complementary studies in children, mostly chest X-rays, occurred
when the diagnosis was available in a timely manner, avoiding un-
necessary irradiation. Reduction in radiographs has also been observed
when studying the impact of rapid diagnosis of influenza in the pe-
diatric ED [20].

Our study found trends toward reduced LOS in the FilmArray-RP
group when compared to the IFA group (mean of 3 days vs 5 days for
children and 3 days vs 7.5 days for adults). These results were not
statistically significant, probably due to the low number of patients who
required hospitalization in this study. Brendish et al. found a shorter
mean LOS in patients tested by FilmArray-RP. Furthermore, patients
with a positive FilmArray-RP had the shortest length of stay [17]. A
one-day LOS reduction for adults with respiratory infection represents a
minimum mean cost saving of approximately 530 $US/day which is
consistent with our previous study on respiratory infections and asso-
ciated costs performed in children [21].

We found FilmArray-RP had a very high yield in both children
(92%) and adults (71%). IFA, although less sensitive and limited to
eight viruses, provided adequate detection for RSV, FluA and PIV 1-3 in
children. In contrast, the detection rate for the classical viruses was
lower in adults, probably because of the lower viral load in the re-
spiratory secretions of adults [22].

The rapidity in test result availability to physicians in this study was
a key factor for determining changes in medical practice. Performing
this study in routine clinical practice with less assurance of rapid
turnaround time (TAT) may not have had the same impact on patient
management and antimicrobial prescriptions. A very recent prospective
study failed to achieve the optimum TAT due to a delay in the specimen
processing [23]. Other strengths of this study are that it included both
children and adults, and that enrollment took place during two re-
spiratory seasons. The study demonstrated a change in medical man-
agement in decreasing antibiotics prescriptions in both populations.

This study has limitations. It was a single center study and was not
sufficiently powered to show a statistically significant drop in LOS.
Another limitation is that we could not maintain the intended 1:1
randomized enrollment during the second portion of 2016. However,
we believe that the non-random allocation of patients during this period
did not influence clinical behavior. Logistic regression did not show a
statistically significant effect of study period on outcome.

In summary, in this prospective study of ALRI in immunocompetent
patients who presented to the ED, the use of a rapid multiplex PCR
respiratory panel (FilmArray-RP) was associated with significant
changes in medical management. The short TAT from sample collection
to reported results gave physicians the option to adjust empirical de-
cisions and change medical management during the ED consultation,
leading to decreased antibiotic prescriptions and complementary stu-
dies and permitting a more targeted use of oseltamivir.

Funding

This work was partially supported by a grant provided by Biofire/
BioMérieux, USA. The sponsor had no involvement in the conduct of
the study or the analysis of the data.
Competing interest

ME has received speaker’s fee from BioMérieux. The other authors
report no conflict of interest.



M. Echavarria et al.

Author contribution

Marcela Echavarria: Conceptualization, Methodology, Investigation,
Data curation, Writing original Draft, Review & Editing, Supervision,
Project Administration; Débora N. Marcone: Formal analysis,
Investigation, Data curation, Writing original Draft, Review & Editing;
Marcia Querci: Resources, Writing Review & Editing; Alejandro Seoane:
Investigation, Writing Review & Editing; Martin Ypas: Investigation,
Writing Review & Editing; Cristina Videla: Resources, Writing Review &
Editing; Candelaria O’Farrell: Investigation, Writing Review & Editing;
Santiago Vidaurreta: Resources, Writing Review & Editing; Jorge
Ekstrom: Resources, Writing Review & Editing; Guadalupe Carballal:
Conceptualization, Writing original Draft, Review & Editing.

Acknowledgements

We would like to thank all physicians from the Pediatric and Adult
Emergency Departments for patient enrollment, in particular, Drs.
Gisela Andres,Vanina Masip, Javier Mufioz and Alejandra Abramovsky.
We are grateful to Dr. Fernando Poletta for statistical analysis, Carmen
Ricarte (CONICET) for her technical assistance, and to Dafne Santos,
Melina Schapira and all the Virology Laboratory staff for their support.
We would also like to thank Drs. Gregory Storch and Christine
Ginocchio for critical review of the paper.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:10.1016/j.jcv.2018.09.009.

References

[1] J.E. Bennett, R. Dolin, M.J. Blaser, Principles and Practice of Infectious Diseases,
Elsevier Health Sciences, 2014.

S. Jain, D.J. Williams, S.R. Arnold, K. Ampofo, A.M. Bramley, C. Reed,

C. Stockmann, E.J. Anderson, C.G. Grijalva, W.H. Self, Y. Zhu, A. Patel, W. Hymas,
J.D. Chappell, R.A. Kaufman, J.H. Kan, D. Dansie, N. Lenny, D.R. Hillyard,

L.M. Haynes, M. Levine, S. Lindstrom, J.M. Winchell, J.M. Katz, D. Erdman,

E. Schneider, L.A. Hicks, R.G. Wunderink, K.M. Edwards, A.T. Pavia, J.A. McCullers,
L. Finelli, Community-acquired pneumonia requiring hospitalization among U.S.
Children, N. Engl. J. Med. 372 (2015) 835-845, https://doi.org/10.1056/
NEJMoal405870.

A. Kotwani, K. Holloway, Antibiotic prescribing practice for acute, uncomplicated
respiratory tract infections in primary care settings in New Delhi, India, Trop. Med.
Int. Health TM IH. 19 (2014) 761-768, https://doi.org/10.1111/tmi.12327.

A.L. Hersh, D.J. Shapiro, A.T. Pavia, S.S. Shah, Antibiotic prescribing in ambulatory
pediatrics in the United States, Pediatrics 128 (2011) 1053-1061, https://doi.org/
10.1542/peds.2011-1337.

C. Chartrand, M.M.G. Leeflang, J. Minion, T. Brewer, M. Pai, Accuracy of rapid
influenza diagnostic tests: a meta-analysis, Ann. Intern. Med. 156 (2012) 500-511,
https://doi.org/10.7326,/0003-4819-156-7-201204030-00403.

M.P. Fairchok, E.T. Martin, S. Chambers, J. Kuypers, M. Behrens, L.E. Braun,

J.A. Englund, Epidemiology of viral respiratory tract infections in a prospective
cohort of infants and toddlers attending daycare, J. Clin. Virol. 49 (2010) 16-20,
https://doi.org/10.1016/j.jcv.2010.06.013.

D.N. Marcone, A. Ellis, C. Videla, J. Ekstrom, C. Ricarte, G. Carballal,

S.M. Vidaurreta, M. Echavarria, Viral etiology of acute respiratory infections in

[2]

[3]

[4]

[5]

(6]

7]

95

[8

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Journal of Clinical Virology 108 (2018) 90-95

hospitalized and outpatient children in Buenos Aires, Argentina, Pediatr. Infect. Dis.
J. 32 (2013) €105-110, https://doi.org/10.1097/INF.0b013e31827cd06f.

S.K. Sakthivel, B. Whitaker, X. Lu, D.B.L. Oliveira, L.J. Stockman, S. Kamili,

M.S. Oberste, D.D. Erdman, Comparison of fast-track diagnostics respiratory pa-
thogens multiplex real-time RT-PCR assay with in-house singleplex assays for
comprehensive detection of human respiratory viruses, J. Virol. Methods. 185
(2012) 259-266, https://doi.org/10.1016/j.jviromet.2012.07.010.

D.N. Marcone, G. Carballal, C. Ricarte, M. Echavarria, [Respiratory viral diagnosis
by using an automated system of multiplex PCR (FilmArray) compared to con-
ventional methods], Rev. Argent. Microbiol. 47 (2015) 29-35, https://doi.org/10.
1016/j.ram.2014.12.003.

C. Santamarfa, A. Urueiia, C. Videla, A. Suarez, C. Ganduglia, G. Carballal,

P. Bonvehi, M. Echavarria, Epidemiological study of influenza virus infections in
young adult outpatients from Buenos Aires, Argentina, Influenza Other Respir.
Viruses. 2 (2008) 131-134, https://doi.org/10.1111/j.1750-2659.2008.00048.x.
R.K. Zimmerman, C.R. Rinaldo, M.P. Nowalk, G. Balasubramani, K.K. Moehling,
A. Bullotta, H.F. Eng, J.M. Raviotta, T.M. Sax, S. Wisniewski, Viral infections in
outpatients with medically attended acute respiratory illness during the 2012-2013
influenza season, BMC Infect. Dis. 15 (2015) 87, https://doi.org/10.1186/s12879-
015-0806-2.

Q. Doan, P. Enarson, N. Kissoon, T.P. Klassen, D.W. Johnson, Rapid viral diagnosis
for acute febrile respiratory illness in children in the emergency department,
Cochrane Database Syst. Rev. 15 (9) (2014) CD006452, , https://doi.org/10.1002/
14651858.CD006452.pub4.

J.A. Linder, Antibiotics for acute respiratory infections: shrinking benefit, in-
creasing risk, and the irrelevance of antimicrobial resistance, Clin. Infect. Dis. 47
(2008) 744-746, https://doi.org/10.1086,/591149.

J.O. Wishaupt, A. Russcher, L.C. Smeets, F.G.A. Versteegh, N.G. Hartwig, Clinical
impact of RT-PCR for pediatric acute respiratory infections: a controlled clinical
trial, Pediatrics. 128 (2011) e1113-1120, https://doi.org/10.1542/peds.2010-
2779.

D.A. Green, L. Hitoaliaj, B. Kotansky, S.M. Campbell, D.R. Peaper, Clinical utility of
on-demand multiplex respiratory pathogen testing among adult outpatients, J. Clin.
Microbiol. 54 (2016) 2950-2955, https://doi.org/10.1128/JCM.01579-16.

A.R. Falsey, Y. Murata, E.E. Walsh, Impact of Rapid diagnosis on management of
adults hospitalized with influenza, Arch. Intern. Med. 167 (2007) 354-360, https://
doi.org/10.1001/archinte.167.4.i10i60207.

N.J. Brendish, A.K. Malachira, L. Armstrong, R. Houghton, S. Aitken, E. Nyimbili,
S. Ewings, P.J. Lillie, T.W. Clark, Routine molecular point-of-care testing for re-
spiratory viruses in adults presenting to hospital with acute respiratory illness
(ResPOC): a pragmatic, open-label, randomised controlled trial, Lancet Respir. Med.
5(2017) 401-411, https://doi.org/10.1016,/52213-2600(17)30120-0.

H.Y. Chu, J.A. Englund, D. Huang, E. Scott, J.D. Chan, R. Jain, P.S. Pottinger,
J.B. Lynch, T.H. Dellit, K.R. Jerome, J. Kuypers, Impact of Rapid influenza PCR
testing on hospitalization and antiviral use: a retrospective cohort study, J. Med.
Virol. 87 (2015) 2021-2026, https://doi.org/10.1002/jmv.24279.

D.J. Brenner, E.J. Hall, Computed tomography — an increasing source of radiation
exposure, N. Engl. J. Med. 357 (2007) 2277-2284, https://doi.org/10.1056/
NEJMra072149.

A.B. Bonner, K.W. Monroe, L.I. Talley, A.E. Klasner, D.W. Kimberlin, Impact of the
rapid diagnosis of influenza on physician decision-making and patient management
in the pediatric emergency department: results of a randomized, prospective, con-
trolled trial, Pediatrics 112 (2003) 363-367.

D.N. Marcone, L.O. Durand, E. Azziz-Baumgartner, S. Vidaurreta, J. Ekstrom,

G. Carballal, M. Echavarria, Incidence of viral respiratory infections in a prospective
cohort of outpatient and hospitalized children aged <5 years and its associated cost
in Buenos Aires, Argentina, BMC Infect. Dis. 15 (447) (2015), https://doi.org/10.
1186/512879-015-1213-4.

J. Barenfanger, C. Drake, N. Leon, T. Mueller, T. Troutt, Clinical and financial
benefits of Rapid detection of respiratory viruses: an outcomes study, J. Clin.
Microbiol. 38 (2000) 2824-2828.

D. Andrews, Y. Chetty, B.S. Cooper, M. Virk, S.K. Glass, A. Letters, P.A. Kelly,

M. Sudhanva, D. Jeyaratnam, Multiplex PCR point of care testing versus routine,
laboratory-based testing in the treatment of adults with respiratory tract infections:
a quasi-randomised study assessing impact on length of stay and antimicrobial use,
BMC Infect. Dis. 17 (2017) 671, https://doi.org/10.1186/512879-017-2784-z.


http://doi.org/10.1016
http://jcv.2018.09.009
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0005
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0005
https://doi.org/10.1056/NEJMoa1405870
https://doi.org/10.1056/NEJMoa1405870
https://doi.org/10.1111/tmi.12327
https://doi.org/10.1542/peds.2011-1337
https://doi.org/10.1542/peds.2011-1337
https://doi.org/10.7326/0003-4819-156-7-201204030-00403
https://doi.org/10.1016/j.jcv.2010.06.013
https://doi.org/10.1097/INF.0b013e31827cd06f
https://doi.org/10.1016/j.jviromet.2012.07.010
https://doi.org/10.1016/j.ram.2014.12.003
https://doi.org/10.1016/j.ram.2014.12.003
https://doi.org/10.1111/j.1750-2659.2008.00048.x
https://doi.org/10.1186/s12879-015-0806-2
https://doi.org/10.1186/s12879-015-0806-2
https://doi.org/10.1002/14651858.CD006452.pub4
https://doi.org/10.1002/14651858.CD006452.pub4
https://doi.org/10.1086/591149
https://doi.org/10.1542/peds.2010-2779
https://doi.org/10.1542/peds.2010-2779
https://doi.org/10.1128/JCM.01579-16
https://doi.org/10.1001/archinte.167.4.ioi60207
https://doi.org/10.1001/archinte.167.4.ioi60207
https://doi.org/10.1016/S2213-2600(17)30120-0
https://doi.org/10.1002/jmv.24279
https://doi.org/10.1056/NEJMra072149
https://doi.org/10.1056/NEJMra072149
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0100
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0100
https://doi.org/10.1186/s12879-015-1213-4
https://doi.org/10.1186/s12879-015-1213-4
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0110
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0110
http://refhub.elsevier.com/S1386-6532(18)30228-2/sbref0110
https://doi.org/10.1186/s12879-017-2784-z

