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ABSTRACT
Background: Standard diagnostic methods for lower respiratory tract infections are currently too slow and insensitive to
guide early clinical decisions concerning treatment and isolation. Syndrome-specific, diagnostic panels have potential to
provide information about aetiology quickly. Available panels have been of limited use in lower respiratory tract infections
due to slow turn-around-time, lack of quantification of important pathogens and lack of detection of resistance genes.

Materials/methods: We evaluated the newly developed BiofireVR FilmarrayVR Pneumonia Panel plus (Biom�erieux). Eighty-
eight consecutive lower respiratory tract samples were analyzed by both standard microbiological methods, as requested
by the referring clinician, and by the panel. The agreement with standard methods, empirical treatment coverage and pos-
sible impact on isolation practices were assessed by comparing the results from standard diagnostic methods with the
panel results in relation to clinical data and information of antimicrobial therapy.

Results: Both qualitative and semi-quantitative results from the panel generally displayed good agreement with standard
methods and by combining methods, a possible aetiology was detected in 73% of patients. Due to the panel approach,
the panel detected viruses more frequently. In 25% of the 60 patients assessed for empirical treatment coverage, a patho-
gen not covered by current therapy was detected and in 30% of in-house patients the panel results were found to poten-
tially influence clinical decisions related to isolation care.

Conclusions: The new diagnostic panel shows promise in improving aetiological diagnostics of lower respiratory tract
infections. Correctly applied it has potential to offer support in clinical decision-making within hours of sampling.
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Introduction

Lower respiratory tract infection (LRTI) is an important
cause of morbidity and mortality worldwide [1].
Traditional diagnostic methods for LRTI are currently too
slow and insensitive to guide early clinical decisions con-
cerning choice of antimicrobial treatment and the need
of isolation/cohort care. Even though the proportion of
patients who are subjected to comprehensive diagnostic
testing has increased, a possible aetiology was identified
in less than half of pneumonia patients treated at infec-
tious disease clinics in Sweden 2017, according to the
Swedish registry for community-acquired pneumonia
(CAP) [2]. Molecular diagnostics of LRTI is difficult, due
to the non-sterile environment of the respiratory tract,
and the overlap between colonizing and disease-causing
pathogens. Recent years’ development in molecular
diagnostic methods has led to a markedly increased
availability of both commercial and in-house developed
diagnostic panels targeting viruses and atypical bacterial
pathogens [3]. However, examples of panels targeting
typical respiratory bacteria are few [4–6], and molecular
panels intended for LRTI diagnostics are even more
scarce [7–10]. Methods combining targets for typical
bacterial pathogens, atypical bacteria and viruses have
so far been limited to qPCR-based panels, requiring a
separate sample extraction step [8–10], which limit their
use to larger clinical microbiology laboratories during
working hours. In addition, these combined panels lack
semi-quantification of bacterial targets, which might
enable differentiation of infection from colonization,
and/or analysis of important antimicrobial resistance
genes. LRTIs, such as pneumonia, are commonly treated
empirically with broad-spectrum antimicrobial therapies,
although general use of such therapies have not proven
to improve outcomes for patients [11]. On the contrary,
broad-spectrum antimicrobial treatment have been iden-
tified as an independent risk factor for both increased
mortality and complications, such as Clostridium difficile
infection, in hospital-treated patients [12]. Since they are
also ecologically unfavourable, it is both in the interest
of the patient and the society to decrease the use of
these drugs [13].

Rapid molecular testing has potential to reduce the
use of broad-spectrum empirical treatment in LRTI [14],
but the results are so far conflicting [3]. The clinical
value of a rapid diagnostic test is likely dependent on
multiple factors, such as local antimicrobial prescription
practices, severity of the infection, antimicrobial resist-
ance (AMR) patterns as well as clinical routines

concerning isolation and cohort care. The BiofireVR

FilmarrayVR Pneumonia panel plus (Biom�erieux) is a newly
developed, commercially available diagnostic panel for
LRTI, targeting 18 bacterial pathogens, 9 viruses and 7
AMR genes, approved by the United States Food and
Drug Administration. It has an integrated sample prepar-
ation step, which limits the hands-on time to less than
5min, and a run-time of about 1 h.

Our aim of this study was to evaluate the possible
clinical value of the Biofire pneumonia panel plus,
through assessment of agreement with standard meth-
ods and evaluation of empirical treatment coverage and
possible impact on isolation practices, related to the
findings of the panel.

Materials and methods

Clinical setting, patients and samples

The study was conducted at Umeå University hospital,
(Umeå, Sweden) as a prospective, method-comparison
study using anonymized, clinical data available from the
laboratory referral. Respiratory tract specimens: Sputum,
trach aspirates and broncho-alveolar lavage (BAL), sent
for respiratory infection diagnostics to the Clinical
Microbiology laboratory, Umeå University hospital, with
a clinical suspicion of acute LRTI, were consecutively
included between June and September 2018. No exclu-
sion criteria were applied. From the laboratory referral,
the following data was recorded: Age, sex, referring
clinic, description of the patient’s medical condition, cur-
rent or planned antimicrobial treatment (when available)
and type of specimen. Due to the study design, no fur-
ther assessment of the patients’ medical records, includ-
ing treatment outcome and final diagnosis, was
possible. The results from both the Biofire pneumonia
panel plus and standard methods, as described below,
were also recorded. The study was performed in accord-
ance with the Declaration of Helsinki. An ethical permis-
sion was not required since the samples and collected
clinical data were anonymized before being obtained by
the authors.

Standard diagnostic methods

Sputum, trach aspirates and BAL specimens were cul-
tured for isolation of typical bacteria causing respiratory
infections, according to standard methods [15]. Sputum
Gram stain was used to assess the ratio of leukocytes
and epithelia cells. Only samples with a leukocyte:epi-
thelial cell ratio �1:1 were cultured. All sputum samples
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from patients with cystic fibrosis, immunocompromised
patients and from patients with lobar pneumonia were
cultured without assessing the leukocyte count. The
samples were homogenized using an equal volume of
N-acetylcysteine solution and 10 ml of the sample and of
a 1:100 dilution were plated on blood and McLeod agar
and incubated at 36 �C. For patients with cystic fibrosis,
additional culturing on Cysteine Lactose Electrolyte
Deficient agar, Peptone Yeast agar, Burkholderia Cepacia
Selective agar, Sabouraud Dextrose agar and S. aureus
CHROM-agar plates was performed. Bacteria were semi-
quantified by calculating colony-forming units (CFU) on
the dilution-plates. For this evaluation, a cut-off of 105

CFU/ml for significance was used for all samples.
BAL and trach aspirates: Viscous trach aspirates were

homogenized similar to sputum samples, as described
above. 10 ml BAL or homogenized trach aspirate were
plated on blood-, Sabouraud Dextrose, McLeod- and
anaerobe blood agar plates and incubated at 35 �C
(Sabouraud Dextrose agar: 30 �C). For cystic fibrosis
patients, additional culture on selective media was per-
formed as described above. Bacteria from BAL-samples
were semi-quantified by calculating the CFU on the
plates. For this evaluation a cut-off of 104 CFU/ml for
significance was used. For trach aspirates, no semi-
quantification was performed.

Identification to species level was performed by
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry and the Biotyper 2.0 database
(Bruker Daltronics, Bremen, Germany) [16]. A score of �2
was accepted for identification. All isolates were tested
for antimicrobial susceptibility according to the EUCAST
disc diffusion method for relevant pathogens [17].
Detection of extended spectrum beta-lactamases was
done according to recommendations from Nordic
Committee on Antimicrobial Susceptibility Testing [18],
and detection of methicillin resistant staphylococcus aur-
eus (MRSA) by an in-house molecular method, described
by Francois et al. [19]

Viral- and atypical bacterial qPCR-assays were per-
formed on request by the referring clinician, which
explains why only a limited number of samples were
analyzed by these methods. Nucleic acid from 400 ml of
specimen was extracted by a QIAsymphony instrument
(QIAGEN GmbH, Hilden, Germany) using the DSP viral/
pathogen midi kit (QIAGEN), with an elution volume of
60 ml and 200 ml for atypical bacteria and viruses,
respectively. Individual in-house qPCR assays were per-
formed on a 7500 real-time PCR system (Applied
Biosystems, Foster City, CA), reaction volume 25 ml, using

10 ml of nucleic acid; universal master mixes for either
DNA or RNA (QIAGEN, Quantitect Probe PCR mix/Probe
RT-PCR mix). In-house assays were performed as previ-
ously described for the detection of influenzavirus A and
B [20], adenovirus [21], RS-virus [22], metapneumovirus
[23], Mycoplasma pneumoniae and Chlamydophila pneu-
moniae [24]. For the detection of enterovirus, parain-
fluenzavirus, coronavirus, rhinovirus and bocavirus the
AllplexTM Respiratory panel 2 and 3 [25] were used on a
CFX96 instrument (BioRad, Hercules, CA) according to
the manufacturer (Seegene, South Korea).

Prospective testing by the Biofire pneumonia
panel plus

We evaluated the BiofireVR FilmarrayVR Pneumonia panel
plus (Biom�erieux, Marcy l’Etoile, France), targeting 27
pathogens and 7 antimicrobial resistance genes, with an
analysis time of about 67min, including sample prepar-
ation and DNA/RNA extraction. The panel was per-
formed according to the manufacturer�s instructions [26].
Each test included two internal controls: (1) to verify
nucleic acid extraction and (2) to verify PCR perform-
ance. If both controls passed, the run was considered
valid. The panels were run on the FilmArrayVR Torch sys-
tems. Typical colonizing bacteria were reported semi-
quantitatively at �107, 106, 105 and 104 copies/ml of
specimen, where 104 copies/ml and 105 copies/ml were
determined as significant for BAL/trach aspirates and
sputum, respectively. Viral, fungal and atypical bacterial
detections were reported as not detected or detected.
AMR-genes were reported as positive, only in the case
of simultaneous detection of a compatible pathogen, i.e.
S. aureus in combination with mecA/mecC and MREJ.
Targets of the panel are specified in Table 1. The sam-
ples were prospectively analyzed, but no results made
available to the referring clinician, due to the investiga-
tion only use status of the panel at the time of
the study.

Retrospective assessment of empirical antimicrobial
therapy coverage and supposed impact on
isolation practices

The coverage of empirical antimicrobial therapy and the
supposed impact on isolation practices was assessed in
retrospect by a physician experienced in diagnostics of
respiratory diseases, not involved in the patients’ care
(AE), by analyzing the results from the panel in relation
to clinical data and information of antimicrobial therapy,
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stated on the laboratory referral. Impact variables
assessed were empirical antimicrobial therapy coverage
or non-coverage and isolation (only for in-patients). The
algorithm for the assessment is displayed in Figure 1.
For patients where information of current antimicrobial
therapy was available on the referral, the diagnostic
findings of the Biofire pneumonia panel plus were
assessed in relation to the specified treatment. For
patients where no information about treatment was
available, but a clinical diagnosis (e.g. CAP or ventilator-
associated pneumonia) was stated on the referral, the
diagnostic results were evaluated in relation to the first-
line treatment for that particular diagnosis, according to
Swedish guidelines [27,28]. In patients where no infor-
mation of antimicrobial treatment, nor a clear clinical
diagnosis was available, no assessment of empirical
treatment coverage was performed. The impact on deci-
sions on isolation or cohort care was evaluated for in-
patients only. Since isolation is not routine practice at
our hospital in patients where a LRTI is suspected, we
assumed that none of the patients were isolated before
the diagnostic results were available. In the case of a
positive finding by the Biofire pneumonia panel plus of

a pathogen where isolation or cohort care is recom-
mended by Swedish guidelines [27], the result was
stated as “isolation” and as “no change” in all
other cases.

Data analysis

Descriptive data analysis was done in Microsoft Excel
2016 (Microsoft corp., Redmond, WA, USA). Two-by-two
contingency tables of categorical variables were ana-
lyzed by Fisher’s exact test to calculate positive percent
agreement and negative percent agreement, positive
predictive value and negative predictive value. Positive
percent agreement and negative percent agreement
was used instead of sensitivity and specificity, respect-
ively, as recommended by the US Food and Drug
administration [29], when a non-perfect gold standard
method is used as reference test, as is the case in LRTI
diagnostics. The increased detection rate of the panel
was tested for significance by a 2-sample test for equal-
ity of proportions with continuity correction. Confidence
intervals for diagnostic accuracy parameters were calcu-
lated using the Wilson–Brown method in Graphpad
Prism version 8.1.1 (Graphpad, CA, USA).

Results

Patient characteristics

Out of 88 initially analyzed samples, 4 were excluded
from further data analysis due to lack of a clear clinical
suspicion of an acute lower respiratory infection, upon
secondary assessment of the referral data, since they did
not fulfil the inclusion criteria. In these four cases, either
clinical data were missing entirely or sampling was con-
ducted as part of a non-acute clinical investigation, i.e.
malignancy. Descriptive patient data of enrolled samples
is specified in Table 2. Of note, 19 out of 21 patients
enrolled from the intensive care unit were men. In 34
patients (41%) the preliminary diagnosis, as indicated on
the referral, was pneumonia, including 5 cases of ventila-
tor-associated and hospital-acquired pneumonia.
Fourteen patients (17%) had symptoms of an acute
exacerbation of a chronic lung disease such as bronchi-
ectasis, chronic obstructive pulmonary disease or cystic
fibrosis. The remaining 36 patients 43% had an unspeci-
fied LRTI, according to the referral. Sixty-one samples
(73%) were positive for any organism, when results from
both standard methods and the Biofire pneumonia
panel plus were included, as compared to 50 samples
(60%) by standard methods only. The difference was not

Table 1. Targets of the Biofire pneumonia panel plus.
Bacteria (semi-quantitative)
Acinetobacter calcoaceticus-baumannii complex
Enterobacter cloacae complex
Escherichia coli
Haemophilus influenzae
Klebsiella aerogenes
Klebsiella oxytoca
Klebsiella pneumoniae group
Moraxella catarrhalis
Proteus spp.
Pseudomonas aeruginosa
Serratia marcescens
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Streptococcus pyogenes

Atypical bacteria (qualitative)
Legionella pneumophila
Mycoplasma pneumoniae
Chlamydia pneumoniae

Viruses
Influenza A
Influenza B
Adenovirus
Coronavirus
Parainfluenza virus
Respiratory Syncytial virus
Human Rhinovirus/Enterovirus
Human Metapneumovirus
MERS-CoV

Antimicrobial resistance genes
CTX-M
KPC
NDM
Oxa48-like
VIM
IMP
mecA/mecC and MREJ
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Figure 1. Schematic algorithm for assessment empirical treatment coverage and supposed impact on isolation practices in relation to the
Biofire pneumonia panel plus (BP) results.

Table 2. Descriptive data of enrolled patients.
Male Female Total

Total No (%) 49 (58) 35 (42) 84
Age Median (range) 67 (6–92) 62 (12–89) 65 (6–92)
Clinic No
Intensive care unit 19 2 21
Infectious diseases 3 9 12
Internal medicine 8 8 16
Chest 9 10 19
Pediatrics 2 2 4
Other 8 4 12

Preliminary diagnosis from referral No (%)
Community-acquired pneumonia 16 (33) 13 (37) 29 (35)
Ventilator-associated pneumonia 3 (6) 0 (0) 3 (4)
Hospital-acquired pneumonia 2 (4) 0 (0) 2 (2)
Acute exacerbation of chronic lung disease 4 (8) 10 (29) 14 (17)
Lower respiratory tract infection, unspecified 24 (49) 12 (34) 36 (43)

Sample type
Sputum 30 29 59
Trach aspirate 7 2 9
Broncho-alveolar lavage 12 4 16

Aetiology identified No (%)
Standard diagnostics 30 (61) 20 (57) 50 (60)
BP panel plus standard diagnostics 32 (65) 29 (83) 61 (73)
>1 pathogen 18 (37) 19 (54) 37 (44)

Info about antimicrobial therapy available No (%) 26 (53) 18 (51) 44 (52)

BP: Biofire Pneumonia panel plus.
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statistically significant (p¼ .0516). Thirty-seven percent
of the samples were positive for more than
one pathogen.

Comparison of the Biofire pneumonia panel plus to
standard diagnostic methods

Findings by standard methods and the Biofire pneumo-
nia panel plus, specified by pathogen, is displayed in
Table 3. The most common pathogen detected, by both
standard methods and the panel, was H. influenzae, fol-
lowed by rhino/enterovirus, S. aureus and S. pneumoniae.
For S. aureus, adenovirus and rhino/enterovirus, the
Biofire pneumonia panel plus accounted for a majority
of the total number of positives. Since relatively few of
the samples were analyzed by standard methods for
viruses and atypical bacteria, a higher proportion of
these findings were unique to the Biofire pneumonia
panel plus. A total of 24 bacterial findings were detected
below cut-off by both methods (these were excluded
from further analysis). These included: S. aureus (N¼ 8),
H. influenza (N¼ 8), S. pneumoniae (N¼ 5) and M. catar-
rhalis (N¼ 1). Additional positive findings of pathogens
not included in the panel by standard methods included
Candida spp (N¼ 9), a-hemolytic streptococci (N¼ 8),

Stenotrophomonas maltophila (N¼ 2) and Bordetella per-
tussis (N¼ 2). There were no positive results of influenza
A/B, K. aerogenes, Proetus spp, Acinetobacter, metapneu-
movirus, MERS-CoV or C. pneumoniae by either method.
A summary of the diagnostic accuracy parameters can
be found in Table 4. When comparing agreement in
identification of an aetiology between methods for all
samples, irrespectively of whether or not the identified
pathogen was included in the panel, positive percent
agreement was 86.0% while negative percent agreement
was 67.7%. Upon exclusion of pathogens not included
in the panel from the analysis, positive percent agree-
ment as well as the negative predictive value was as
high as 100%. The lower negative percent agreement of
73.2% was mainly explained by increased detection of
H. influenzae, S. aureus and rhino/enterovirus. Three sam-
ples positive for MRSA were identified by both the panel
and by standard methods, no other antimicrobial resist-
ance genes were detected.

In 25 out of 33 samples where semi-quantitative
result were available for both the panel and for culture,
the difference between the two methods was 1 log10 or
less. As anticipated, the measured concentration of
bacterial DNA was higher or equal to the culture-
determined CFU/ml in all samples, Figure 2.

Assessment of empirical treatment coverage and
supposed impact on isolation practices

Sixty samples, where either a specified treatment and/or
information about clinical diagnosis was available, were
assessed for empirical antimicrobial therapy coverage
according to the algorithm outlined in Figure 1. Twenty-
eight patients were excluded from further analysis, since
no bacterial pathogen was detected by the panel. In 17
cases (28%) the pathogen(s) detected was judged to be
covered by the empirical therapy, in 7 of these patients,
a therapy with a broader antimicrobial spectrum than
motivated by the findings of the panel was used. In 15
patients (25%) a pathogen was detected by the panel
which was not covered by the empirical antimicrobial
treatment: H. influenzae (N¼ 4), S. aureus (N¼ 4, includ-
ing MRSA) S. marcescens (N¼ 1), M. pneumoniae (N¼ 1),
P. aeruginosa (N¼ 2) and coinfections with multiple bac-
teria (N¼ 3). Seventy-nine samples, all in-house patients,
were assessed for impact on decision of isolation or
cohort care of the patient. In 24 cases (30%), the Biofire
pneumonia panel plus identified a pathogen were isola-
tion is recommended, according to Swedish guidelines
[27]. Most of these cases were samples positive for

Table 3. Summary of findings from the Biofire Pneumonia panel
plus (BP) and standard diagnostic methods.

Pathogen

No samples
analysed by
standard
method

Total
No

findings

Unique
findings
by BP
panel

Unique
findings by
standard
methods

Acinetobacter 79 0 0 0
E. cloacae 79 1 1 0
E. coli 79 4 0 0
H. influenzae 79 22 6 1
K. aerogenes 79 0 0 0
K. oxytoca 79 1 0 0
K. pneumoniae 79 1 0 0
M. catarrhalis 79 5 3 0
Proteus spp. 79 0 0 0
P. aeruginosa 79 6 2 0
S. marcescens 79 1 0 0
S. aureus 79 13 9 0
S. agalactiae 79 3 2 1
S. pneumoniae 79 8 2 0
S. pyogenes 79 2 1 0
L. pneumophila 7 1 0 0
M. pneumoniae 9 3 1 0
C. pneumoniae 9 0 0 0
Influenza A 9 0 0 0
Influenza B 9 0 0 0
Adenovirus 18 4 3 0
Coronavirus 18 2 2 0
PIV 18 3 0 0
RSV 9 1 1 0
Rhino/Entero 18 18 12 0
Metapneumo virus 9 0 0 0
MERS-CoV 18 0 0 0

84 samples were analysed by the BP panel for all pathogens. The number of
samples analysed by standard methods vary dependent on the requests of the
referring clinician.
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rhino/enterovirus (N¼ 13). When rhino/enterovirus as a
cause for isolation was excluded, 9 patients (11%) were
judged to require isolation/cohort care.

Discussion

Aetiological diagnosis of LRTI is a challenging area of
clinical microbiology, due to the wide range of potential
pathogens and the non-sterile environment of the
respiratory tract. In this study, we evaluated a newly
developed, syndrome-specific, diagnostic panel for LRTI,
for agreement with standard methods and retrospect-
ively analyzed the empirical antimicrobial treatment
coverage and potential impact on decisions concerning
isolation care. We found the panel generally to provide
diagnostic results of good agreement with standard
methods, with high negative predictive values of in-
panel targets and a markedly shorter analysis time, a
few hours as compared to 3–7 days for culture-
based methods.

Gadsby et al., among others, have shown that rapid
aetiological diagnostics might favourably impact treat-
ment decisions in severe LRTI [14]. For optimal access to
test results, however, the usage should not be limited to
large clinical microbiology laboratories, which requires
minimal sample handling. Up until now, no such test

have existed, to the best of our knowledge. The Biofire
pneumonia panel plus evaluated in this study, might
have potential to fulfil these criteria. In our evaluation,
the positive percent agreement of the panel for in-panel
targets was high, 100%, which was reflected by the fact
that there were only 2 unique findings by standard
methods, i.e. false negatives of the panel. The majority
of findings by standard methods of pathogens not
included in the panel were of unclear clinical signifi-
cance, e.g. candida spp and a-hemolytic streptococci.
The combination of high n percent agreement, i.e. a
very low number of false negatives, and a broad cover-
age of relevant pathogens within the panel is most
probably important for the method’s implementation in
clinical practice. A problem of past diagnostic panels,
including our previously developed qPCR-based panel
for CAP pathogens [9], has been an increased detection
rate of common colonizers of the upper respiratory tract,
in particular H. influenzae and S. aureus, which might be
of unclear clinical significance. Although we applied the
same concentration cut-off as for the corresponding cul-
ture method, to enable differentiation of colonization
from infection, the same pattern was observed here. Six
out of 22 findings for H. influenzae and 9 out of 13 find-
ings for S. aureus were unique to the panel. These
pathogens were also the most common pathogens not
covered by the empirical antimicrobial therapy.
Treatment failure in, for example CAP, is reported to be
between 2.4–31% [30]. Given the relatively low detection
rate of plausible aetiologies in LRTI patients, with new
and more sensitive diagnostic methods evolving, we
might need to reconsider the clinical significance of
these findings in the future. However, the design of this
study excludes further analysis of the empirical treat-
ment outcome and treatment decisions related to the
panel findings, which is needed in order to speculate
further on the clinical significance of the increased
detection of H. influenzae and S. aureus.

The impact of a diagnostic test on antimicrobial ther-
apy is dependent on the local treatment guidelines. In
settings where a narrow-spectrum drug is used as first-
line treatment in many cases of non-severe LRTI, such as
Sweden [27], or the Netherlands [31], a higher detection

Table 4. Comparison of the Biofire pneumonia panel plus (BP) to standard methods.
Test SMþ BP þ SMþ BP � SM �BP þ SM �BP � PPA (95% CI) NPA (95% CI) PPV (95% CI) NPV (95% CI)

BP panel overall 43 7 11 23 86.0 (73.8–93.1) 67.7 (50.8–80.9) 77.6 (79.6–88.2) 76.7 (59.1–88.2)
BP panel, in-panel targets only 43 0 11 30 100 (91.8–100) 73.2 (58.1–84.3) 79.6 (67.1–88.2) 100 (88.7–100)
BP panel, AMR-genes 3 0 0 81 100 (43.9–100) 100 (95.5–100) 100 (43.9–100) 100 (95.5–100)

Identification of any aetiology or resistance gene in lower respiratory samples. SM: Standard method. BP: Biofire pneumonia panel plus; PPA: Positive percent agree-
ment; NPA: Negative percent agreement; PPV: Positive predictive value; NPV: Negative predictive value.
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Figure 2. Comparison between the concentrations reported from
culture diagnostics (CFU/ml) and the semi-quantitative results from
the Biofire Pneumonia panel plus (BP), (DNA copies/ml). The figure
shows all 33 results where a semi-quantitative result, above cut-off,
was available from both methods for the same target.
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of for example S. aureus or atypical bacterial pathogens
will likely result in escalation of treatment, as compared
to settings where these pathogens are routinely covered
empirically, as is the case in the Unites States [32]. In 15 of
60 patients assessed in this study, a pathogen was found
which was not covered by the empirical antimicrobial
treatment. To maximize the benefit from rapid diagnostic
tests it is important that they are applied to the right
group of patients, a concept known as diagnostic steward-
ship [33]. In the case of syndromic testing for LRTI in our
clinical setting, a panel such as the Biofire Pneumonia
plus, would likely provide most benefit for patients with
severe LRTI, such as severe CAP or ventilator-associated
pneumonia, who are routinely prescribed broad-spectrum
empirical treatment. If applied to a heterogeneous group
of patients with LRTI, such as this study population, there
is instead a risk of increased use of broad-spectrum thera-
pies of unclear clinical benefit (or even harm), which is an
important conclusion of our results.

A panel approach to diagnostics also leads to
increased analysis, and detection, of respiratory viruses,
as have been shown by for example Jain et al. 2015
[34]. This was also the case in our evaluation, were 12
out of 18 findings of rhino virus and 3 out of 4 positives
for adeno virus were unique to the Biofire pneumonia
panel plus. Larger, prospective studies will be required
to assess the clinical significance of the presence of
these findings, since the role of viral and bacterial co-
infection in LRTI is not clear. When it comes to clinical
decisions concerning isolation or cohort care of patients
with viral infections, however, this increased detection
will be of immediate importance. In this study we chose
to evaluate the clinical impact on isolation according to
current Swedish guidelines which state that isolation or
cohort care is recommended for patients with influenza-
virus, RS-virus, metapneumovirus, coronavirus, rhinovirus,
adenovirus, M. pneumoniae and C. psittaci [27].
Considering that 19 out of 24 findings of these patho-
gens were unique to the panel, it will cause an substan-
tial increase in isolation resources in a clinical setting
were this is not routine practice for patients with LRTI.

Our study have a number of limitations. Firstly, it was
not powered for method comparison of specific patho-
gens, were at least 20 positive and negative samples of
each target pathogen of the panel is recommended for
the validation of a new method [35]. As an example, we
had no positive findings of influenza virus of either
method, which is of great importance to assess in LRTI
diagnostics. Also, reflecting the low rate of AMR in our
area, only three cases of MRSA were detected, and we

had no positive findings of the other AMR-genes of the
panel. Secondly, due to the data collection design, it
was a strictly observational study, only allowing assess-
ment of the clinical data provided with the referral to
our laboratory, which limits the evaluation of rapid
aetiological diagnostics as an intervention, as well as
assessment on patient outcome variables and final diag-
nosis. The wide inclusion criteria also resulted in a het-
erogeneous study population, which complicate the
interpretation of the findings. To further assess impact
on patient outcomes, concerning treatment success or
failure related to findings of different pathogens, and
treatment related adverse events, as a consequence of
changes in the clinical management, prospective and
preferably randomized studies are needed.

In conclusion, our evaluation suggests that correctly
applied, the Biofire pneumonia panel plus looks promising
for improving aetiological diagnostics of LRTI, by offering
good agreement of both qualitative and quantitative
results with standard methods. It has potential to offer
support in clinical decision-making with a markedly faster
turn-around-time than standard methods, which is per-
haps the most important advantage, as well as increased
detection of viruses and atypical bacterial pathogens. The
clinical relevance of the relatively high detection rate of
H. influenzae, S. aureus and respiratory viruses, such as
rhino/enterovirus and adeno virus, remains to be clarified.
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