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Background. Inability to identify the microbial etiology of lower respiratory tract infection leads to unnecessary antibiotic use. 
We evaluated the utility of the BioFire FilmArray Pneumonia Panel (BioFire PN) to inform microbiologic diagnosis.

Methods. Hospitalized adults with respiratory illness were recruited; sputa and clinical/laboratory data were collected. Sputa 
were cultured for bacteria and tested with BioFire PN. Microbial etiology was adjudicated by 4 physicians. Bacterial polymerase 
chain reaction (PCR) was compared with culture and clinical adjudication.

Results. Of 298 sputa tested, BioFire PN detected significantly more pathogens (350 bacteria, 16 atypicals, and 164 viruses) than 
sputum culture plus any standard-of-care testing (91% vs 60%, P < .0001). When compared with culture, the sensitivity of BioFire 
PN for individual bacteria was 46% to 100%; specificity, 61% to 100%; and negative predictive value, 92% to 100%. Cases were 
adjudicated as viral (n = 58) and bacterial (n = 100). PCR detected bacteria in 55% of viral cases and 95% of bacterial 
(P < .0001). High serum procalcitonin and bacterial adjudication were more often associated with sputa with 106 or 107 copies 
detected.

Conclusions. Multiplex PCR testing of sputa for bacteria is useful to rule out bacterial infection with added value to detect 
viruses and atypical bacteria.
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Acute respiratory infections occur frequently throughout life and 
cause significant morbidity and mortality [1]. A range of viral and 
bacterial pathogens accounts for most acute respiratory infection 
cases, although establishing an etiology can be difficult. In a study 
of patients hospitalized with community-acquired pneumonia 
in the United States, a pathogen was identified in only 34% of 
cases [2]. Sensitive molecular diagnostic tests allow accurate 
and rapid diagnosis of many respiratory viruses, although im-
pact on antibiotic management has been modest due to concern 
about bacterial coinfection [3, 4]. However, current bacterial di-
agnostics remain insensitive, and since many bacterial patho-
gens may colonize airways, sputum culture can be misleading 
[5]. Although the serum biomarker procalcitonin (PCT) has 
shown some promise to supplement clinical judgment, PCT 

has not been widely adopted by clinicians [6–8]. Diagnostic un-
certainly has led to unnecessary use of broad-spectrum antibiot-
ics, with resultant side effects and spread of antimicrobial 
resistance, which is currently one of the most urgent threats 
to global public health [9–13].

The BioFire FilmArray Pneumonia Panel (BioFire PN; 
BioMérieux) is a multiplex polymerase chain reaction (PCR) 
assay that analyzes sputum, tracheal aspirate, and bronchoal-
veolar lavage samples for the presence of bacteria, viruses, 
and genetic markers of antimicrobial resistance. Results are 
qualitative for viral and atypical bacterial targets and semiquan-
titative for 15 aerobic bacterial targets [14, 15]. Most studies us-
ing this assay have focused on the analytic features of BioFire 
PN as compared with either sputum cultures or tracheal aspi-
rate or bronchoalveolar lavage samples in patients with pneu-
monia and respiratory failure [16–27]. In the latter setting, 
BioFire PN has been shown to have 96% positive and 98% neg-
ative agreement with cultures [16]. However, critically ill pa-
tients represent a small fraction of adults hospitalized with 
respiratory infections, and most respiratory samples submitted 
for microbial diagnosis are expectorated sputum samples. In 
addition, defining true pneumonia can be challenging, as pa-
tients often have ambiguous chest radiographs and complicat-
ing medical conditions, resulting in a significant proportion 
admitted with “possible” pneumonia who are then prescribed 
empiric antibiotics. Therefore, we evaluated BioFire PN testing 
of expectorated sputum in hospitalized patients with a variety 
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of microbiologically adjudicated respiratory illnesses to deter-
mine the analytic characteristics and potential clinical utility 
of BioFire PN results.

METHODS

Full details of the clinical protocol, laboratory methods, and 
adjudication are available in the Supplementary Materials.

Study Period and Sites

The study was conducted in Rochester, New York, between 
March 2019 and March 2022. The present analysis represents 
a subgroup from a study evaluating whole blood gene expres-
sion for distinguishing bacterial from nonbacterial respiratory 
illnesses among those who had sputum samples collected.

Recruitment

Patients ≥18 years of age with signs and symptoms compatible 
with acute respiratory infection or acute cardiopulmonary ill-
ness were recruited within 24 hours of admission. Persons 
with significant immunosuppressive conditions or antibiotic 
use prior to admission were excluded. Written informed con-
sent was obtained from participants or their authorized 
representatives.

Acute Illness Evaluation

Demographic, clinical, laboratory, and radiographic informa-
tion was collected by medical record review and patient/family 
interview.

Laboratory Studies

All participants had a serum PCT measured by the VIDAS 
BRAHMS (bioMerieux) assay at enrollment. Other 
standard-of-care (SOC) testing was ordered by the treating 
physicians and could include a nasopharyngeal swab for viral 
PCR, blood cultures, sputum cultures, and Streptococcus pneu-
moniae and Legionella urine antigens (BinaxNow; Abbott).

Sputum Studies

Study personnel assisted in collection of expectorated sputum 
samples, but these were not induced. If BioFire PN testing 
could not be completed within 24 hours, samples were frozen 
and stored at −20 °C until testing could be performed.

Sputum quality was assessed by the clinical microbiology 
staff by examining the Gram stain and was classified as follows: 
good (>25 polymorphonuclear neutrophils [PMNs] and <10 
epithelial cells per high-power field [hpf]), moderate (>25 
PMN/hpf and > 10 epithelial cells/hpf), or poor quality (<25 
PMN/hpf). Only sputa judged good or moderate quality under-
went further analysis with BioFire PN.

BioFire PN Panel Testing

The BioFire PN assay reports semiquantitative results for 15 
common bacteria (hereafter, “bacteria”), 3 atypical bacteria, 
and 9 viruses. The relative abundance of standard bacterial or-
ganisms was reported as 104, 105, 106, or ≥107 genomic copies 
per milliliter (see Supplementary Material for details).

Clinical and Microbiological Adjudication

Acute respiratory infection cases were adjudicated by a panel of 
4 physicians and classified into 3 microbiologic categories: viral 
infection alone, bacterial infection alone, or bacterial-viral co-
infection. Adjudicators were blinded to the BioFire PN bacteri-
al PCR results but not to atypical bacterial and viral results. 
Microbiological classification required unanimous agreement 
by adjudicators, or the case was considered indeterminant.

Statistical Analysis

Patient characteristics were compared by Student t test, 
Mann-Whitney test, or chi-square test as appropriate. The an-
alytic performance of BioFire PN bacterial results, as compared 
with culture and clinical adjudication as gold standards, was 
calculated via standard methods and included sensitivity, spe-
cificity, positive predictive value (PPV), and negative predictive 
value (NPV). P < .05 was considered significant.

RESULTS

Sample Characteristics

In total 737 participants were enrolled in the main study, of 
whom 428 (58%) were able to provide a sputum sample 
(Supplementary Figure 1). Of the 428 sputa, 203 were classified 
as good quality and 95 as moderate and underwent BioFire PN 
testing; 130 samples were poor quality and no further testing 
was done. Most samples were expectorated sputa (96%) and 
4% were tracheal aspirates. Demographic and clinical data for 
the 298 patients in this analysis are shown in Table 1. The 
mean age was 63 years, 50% were female, and the majority 
were White and non-Hispanic. The leading discharge diagnos-
es were community-acquired pneumonia (32%) and acute ex-
acerbation of chronic obstructive pulmonary disease (20%). 
Antibiotics were administered to 244 (81.9%) patients. 
Thirty-seven percent of sputum samples were collected prior 
to antibiotics administration, and of those collected afterward, 
the median time from administration to collection was 
10 hours.

Microbiologic Results

From the 298 good and moderate quality sputum samples, 
BioFire PN detected 350 bacteria and 16 atypical bacteria for 
an average of 1.23 potential bacterial pathogens per sample. 
Overall, 225 (75.5%) samples had typical bacteria detected. 
Of these, 58.2% were monomicrobial, 30.2% had 2 bacteria 
detected, and 11.6% had ≥3 bacteria detected with no 
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significant difference between good and moderate quality spu-
ta. The most commonly identified bacteria were Haemophilus 
influenzae, S pneumoniae, Staphylococcus aureus, and 
Moraxella catarrhalis (Supplementary Table 1).

In contrast, standard bacterial culture detected 144 organ-
isms (143 bacteria and 1 atypical bacteria) for an average of 
0.48 organisms per sample, significantly less (P < .0001) than 
what BioFire PN detected. An overall 126 samples (42.3%) 
grew a potential pathogen, of which most were monomicrobial 
(86.5%). H influenzae, S pneumoniae, S aureus, and low quan-
tities of unspeciated Gram-negative rods (GNRs) were most 
frequently cultured from sputum.

Semiquantitative Bacterial Results

The specific organisms and semiquantitative values detected by 
BioFire PN are shown in Supplementary Table 1, as categorized 
by good and moderate quality sputum. The distribution of 
pathogens was similar between good and moderate quality 
samples, with the exception that pneumococcus was detected 

significantly more frequently in good quality samples (24% vs 
13%, P = .02). Notably, the quantity of S pneumoniae, H influ-
enzae, M catarrhalis, and Pseudomonas was significantly higher 
than S aureus, group B Streptococcus, and GNRs (P < .003 for 
all comparisons; Figure 1).

Comparison of BioFire PN and Standard Sputum Culture

For good quality sputa, the overall concordance between the 
BioFire PN results and standard bacterial culture was modest, 
with only 37% of results fully concordant, 22% partially concor-
dant (some but not all organisms match), and 41% discordant 
(no organism matched; Table 2A). Results for moderate quality 
sputum were similar: fully concordant (35%), partially concor-
dant (17%) and discordant (46%; data not shown). BioFire PN 
detected more pathogens per sample than standard culture, 
with most discordant outcomes resulting from bacteria detect-
ed by BioFire PN and negative results in culture.

Concordance was significantly affected by antibiotic use, with 
discordant results increasing from 27% to 53% (P = .0003) 
for sputum collected prior to and after antibiotic administra-
tion, respectively (Table 2A). This finding was driven by de-
creased bacterial detection in sputum cultures collected after 
antibiotics (Table 2B), whereas BioFire PN results were not sig-
nificantly different before and after antibiotic administration 
(Table 2C).

The sensitivity, specificity, PPV, and NPV of the BioFire PN 
panel were calculated for 7 commonly identified pathogens for 
good and moderate quality samples (Table 3). Because GNRs 
other than Pseudomonas were infrequently detected, their re-
sults were pooled as “other GNR.” With culture as the gold 
standard, sensitivity for good quality sputa (Table 3A) ranged 
from 46% for other GNR to 95% for S pneumoniae and H influ-
enzae and 100% for group A Streptococcus, M catarrhalis, and 
Pseudomonas aeruginosa. Specificity was generally lower than 
sensitivity for most organisms, with H influenzae having the 
lowest value (75%). PPV was relatively low for all bacterial spe-
cies, except group A Streptococcus (100%). In contrast, the NPV 
was very high (99% to 100%), except for other GNR at 92%. For 
the 46 samples with no bacteria detected by BioFire PN, 40 
(87%) grew normal flora and 6 grew rare or 1+ nonspeciated 
GNR and 1 rare S aureus (see Supplementary Material for 
methods on reporting GNR).

The results for moderate quality sputa were similar, although 
the sensitivity and specificity for several organisms were lower 
and PPV was substantially lower than good quality sputum 
samples (Table 3B). Notably, for moderate quality sputa, the 
NPV was also high, ranging from 94% to 100%.

We next determined if specificity and PPV could be im-
proved by restricting analysis to good quality samples with 
high bacterial abundance (106 to ≥107 copies/mL; 
Supplementary Table 2). There was a decrease in sensitivity 
and an increase in PPV for S aureus and other GNR, with a 

Table 1. Demographic and Clinical Characteristics of Study Population 
(N = 298)

No. (%)

Age, ya 63.1 ± 16.0 (19–98)

Female 151 (50.1)

Race

White 209 (70.1)

Black 76 (25.6)

Mixed/unknown 11 (3.7)

Ethnicity

Non-Hispanic 269 (90.3)

Hispanic 28 (9.4)

Unknown 1 (0.3)

Underlying pulmonary conditions

Asthma 91 (30.5)

COPD 140 (47.0)

Primary discharge diagnosis

Respiratory failure 24 (8.1)

Acute exacerbation of COPD 60 (20.1)

Asthma 22 (7.4)

Acute bronchitis 9 (3.0)

Community-acquired pneumonia 95 (31.9)

Congestive heart failure 3 (1.0)

Viral syndrome 24 (8.1)

Other 61 (20.5)

Required ICU 59 (19.8)

Mechanically ventilated 13 (4.4)

Laboratoryb

WBC, 103/μL 10.9 (2.3–37.9)

Lactate, mmol/L 1.4 (0.6–6.8)

PCT, ng/mL 0.13 (0.04–100)

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; PCT, 
procalcitonin; WBC, white blood cell.  
aMean ± SD (range).  
bMedian (range).
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smaller improvement in PPV for other organisms. Notably, the 
NPV remained high for all organisms.

Comparison of BioFire PN Results and Clinical Adjudication

Illnesses were adjudicated as viral infection alone, bacterial in-
fection (with or without a virus identified), or indeterminate. 
For this analysis, atypical bacteria were excluded since adjudi-
cators were given access to atypical bacterial results as part of 
the parent study.

Of the 158 cases with definitive microbiologic adjudication 
results, 58 were judged as viral alone and 100 bacterial. Of ad-
judicated bacterial and viral cases, 95% and 55% (P < .0001), re-
spectively, were positive for bacteria by BioFire PN (Table 4). 
Restricting analysis to good quality samples provided similar 
results; however, moderate quality samples adjudicated as viral 
alone frequently (81%) had bacteria detected by BioFire PN. Of 
the 5 cases adjudicated as bacterial with no bacterial pathogen 
detected by BioFire PN, 4 were judged to have mixed anaerobic 
lung infections (necrotic pulmonary cavities, empyema), and 
the other grew Haemophilus parainfluenzae, which is an organ-
ism not in the BioFire PN panel. Considering clinical adjudica-
tion as the gold standard, the BioFire PN had a sensitivity of 
95%, specificity of 45%, PPV of 75%, and NPV of 84%.

BioFire PN Results in the Context of Host Response Variables and Clinical 
Syndromes

Since neither BioFire PN nor culture can reliably distinguish 
colonization from invasive bacterial disease, we sought to de-
termine if BioFire PN results correlated to host response vari-
ables and a diagnosis of pneumonia and thus might be 
indicative of invasive disease rather than colonization. Mean 

white blood cell and PCT values trended higher in those with 
bacteria identified by BioFire PN than those with viral alone, 
with good quality sputa providing the best discrimination 
(Supplementary Table 3). Of good quality sputa with bacteria 
detected, 38.6% had PCT values ≥0.25 ng/mL (a common 
threshold used to indicate bacterial infection), as opposed to 
9.7% (P = .0001) of those with viruses only. Finally, when bac-
terial quantification was dichotomized into high (106–107) and 
low (104–105) copies per milliliter, there was a trend toward 
higher mean white blood cell and PCT values and significantly 
more patients with PCT values ≥0.25 ng/mL (41% vs 21%, 
P = .03) associated with high bacterial copy number (Table 5).

The clinical phenotype of pneumonia differed from non-
pneumonia (Supplementary Table 4A and B) with a greater 
percentage of pneumonia cases with PCT ≥0.25 ng/mL and 
more frequent adjudication as bacterial. BioFire PN detected 
significantly more typical and atypical bacteria, including S 
pneumoniae and M catarrhalis, at higher copy numbers in 
pneumonia than nonpneumonia cases.

BioFire PN Samples With Negative or Low Bacterial Abundance

To assess the potential clinical utility of BioFire PN for avoiding 
or curtailing antibiotic treatment, we calculated the number of 
sputa with no bacteria detected (including atypical) or those 
with <106 copies/mL in conjunction with laboratory variables 
often used in clinical decision making (Supplementary 
Table 5). Of the 298 cases with sputa tested by BioFire PN, 
134 (45%) had values <106 CFU/mL or no bacteria detected. 
Furthermore, 105 (35.2%) were associated with PCT  
<0.25 ng/mL, and 74 (24.8%) had chest radiographs with 

Figure 1. Mean semiquantitative levels of bacteria in all 298 sputum samples tested by BioFire FilmArray Pneumonia Panel. Samples include sputa with good or moderate 
quality. Semiquantitative results are expressed a genomic copy per milliliter log10. Mean quantity was compared for S pneumoniae, H influenzae, M catarrhalis, P aeruginosa, 
group A streptococcus (GAS), S aureus, group B streptococcus (GBS), and other Gram-negative rods (GNR). For each comparison, values were significantly higher for S pneu-
moniae, H influenzae, M catarrhalis, and Pseudomonas aeruginosa vs S aureus, GBS, and other GNR. P < .003 for all comparisons.
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negative results. Antibiotic use was high in all 3 categories 
(64%–76%). Thus, potential opportunities for curtailing antibi-
otic use ranged from 16% to 34%, depending on the stringency 
of clinical criteria. Notably, 23% of pneumonia cases treated 
with antibiotics (Supplementary Table 4C) had low PCT values 
and BioFire PN values <106 CFU/mL or no bacteria detected, 
as compared with 44% of nonpneumonia cases.

Added Value of BioFire PN to Detect Atypical Bacteria and Viruses

Atypical bacteria and viruses are generally not thought to col-
onize airways, and their presence suggests active infection. 
Notably, 164 viruses were detected in sputa by BioFire PN in 
152 (51%) of the 298 samples. In addition, 8 cases each of le-
gionella and mycoplasma were identified by BioFire PN. As 
compared with SOC testing, BioFire PN detected significantly 
more viral infections. In 2 cases, viruses were positive in SOC 
nasopharyngeal testing (1 RSV and 1 PIV-2) and negative in 
sputum; 53 samples were positive by SOC and BioFire PN; 
and 98 were positive by BioFire PN only. In 95% of cases pos-
itive by BioFire PN only, SOC viral testing for the pathogens 
identified was not performed. However, in 5 SOC cases, naso-
pharyngeal testing was negative with positive BioFire PN re-
sults (4 influenza and 1 RSV). Importantly, 2 legionella cases 
and 4 mycoplasma cases were missed by SOC testing. 
According to any diagnostic test (blood and sputum cultures, 
urine antigen testing, and nasal PCR), potential bacterial, atyp-
ical bacterial, or viral pathogens were detected in 178 (60%) 
SOC-tested cases, as compared with 272 (91%) of BioFire 
PN–tested cases (P < .0001). Overall, yield for SOC based on 
all available microbiologic techniques vs BioFire PN is shown 
in Figure 2.

DISCUSSION

Historically, sputum Gram stain and culture have been used 
to diagnose the microbial etiology of lower respiratory tract 
infection (LRTI) [28]. However, recent guidelines have 
de-emphasized these traditional tools for a variety of reasons, 
including contamination by upper airway secretions, perceived 
urgency of antibiotic administration, and long turnaround 
times for culture results [29–31]. Molecular diagnostics, such 
as BioFire PN, that can rapidly identify bacterial and viral respi-
ratory pathogens in sputa offers the possibility of improving the 
diagnostic capability and treatment of patients with LRTI [32]. 
Most studies using BioFire PN have described results of trache-
al aspirates or bronchoalveolar lavage samples in patients with 
severe pneumonia [16, 19, 21–26]. Fewer studies address the 
majority of patients hospitalized with LRTI, who are treated 
outside intensive care settings, or utilize expectorated sputum 
samples [33–38]. In our study, we examined a range of patients 
hospitalized with respiratory complaints—including acute ex-
acerbation of chronic obstructive pulmonary disease, bronchi-
tis, and pneumonia—and the relationship of BioFire PN results 
with host response variables, clinical syndromes, and rigorous 
clinical adjudication of microbial etiology.

Overall, BioFire PN yielded a variety of potential pathogens, 
including typical and atypical bacteria and numerous viruses. 
Similar to other reports, we found that BioFire PN had high 
sensitivity for bacteria when compared with sputum culture 
as the gold standard [14, 15]. For most pathogens, specificity 
was lower than sensitivity, which was attributed to the greater 

Table 2. Concordance of BioFire PN With Sputum Culture According to 
Use of Antibiotics in Good Quality Sputum Samples

Antibiotics

Total  
(n = 203)

No  
(n = 85)

Yes  
(n = 118) P Value

A: Concordance of culture  
to BioFire PN

Partially concordant 43 (21) 25 (29) 18 (15) .02

Fully concordant 75 (37) 37 (44) 38 (32) .11

Partially or fully concordant 119 (59) 62 (73) 56 (47) .0003

Discordant 85 (42) 23 (27) 62 (53) .0003

B: Culture

Monomicrobial 82 (40) 48 (57) 34 (29) .0001

Polymicrobial 10 (5) 5 (6) 5 (4) .74

No growth/normal flora 111 (55) 32 (38) 79 (67) .0001

C: BioFire PN

Monomicrobial 91 (45) 33 (39) 58 (49) .16

Polymicrobial 64 (32) 31 (37) 33 (28) .22

No growth/normal flora 48 (23) 21 (25) 27 (23) .87

Data are presented as No. (%).  

Abbreviation: BioFire PN, BioFire FilmArray Pneumonia Panel.

Table 3. Sensitivity, Specificity, and PPV and NPV of BioFire PN Panel 
Testing on Samples vs Standard Culture as Gold Standard

Bacteria Sensitivity Specificity PPV NPV

A: Good quality (n = 203)

S pneumoniae 95 84 39 99

S aureus 77 84 24 99

Group B streptococcus 100 91 5 100

Group A streptococcus 100 100 100 100

H influenzae 95 75 29 99

M catarrhalis 100 91 39 100

P aeruginosa 100 98 64 100

Other Gram-negative rod 46 96 63 92

B: Moderate quality (n = 95)

S pneumoniae —a 87 0 100

S aureus 67 80 10 99

Group B streptococcus 100 90 18 100

Group A streptococcus 100 98 33 100

H influenzae 75 68 12 100

M catarrhalis —a 91 0 100

P aeruginosa 100 98 50 100

Other Gram-negative rod 74 99 93 94

Data are presented as percentages.  

Abbreviations: BioFire PN, BioFire FilmArray Pneumonia Panel; NPV, negative predictive 
value; PPV, positive predictive value.  
aCannot be determined as the organism never grew in culture.
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number of identified potential pathogens vs standard culture 
[14, 34]. As noted by others, concordance between BioFire 
PN and culture results was affected by prior antibiotic use, re-
sulting in negative cultures with positive BioFire PN results [14, 
15, 21, 32]. Notably, in the study by Murphy et al, potentially 
“false positive” BioFire PN results with negative cultures were 
subsequently confirmed as accurate according to alternative 
molecular techniques [14]. Thus, BioFire PN results are unlike-
ly to be false positive; rather, they are more likely detecting fas-
tidious organisms or reflecting the effects of antibiotics on 
culture. Some experts suggest that new comparators are need-
ed, particularly when a new test’s accuracy exceeds that of the 
prior gold standard [39]. Solutions include clinically adjudicat-
ed reference standards, as in this study [40]. Importantly, and 
consistent with other reports, a negative BioFire PN result 
was highly predictive of normal flora on culture, with an 
NPV of 99% to 100% for most organisms [16, 18, 24, 25, 34].

Given these results, how does a clinician use the information 
provided by BioFire PN? With enhanced detection of bacteria, 
concern has arisen that inappropriate antibiotic use might ac-
tually increase with molecular testing [34, 41]. Previous reports 
have noted reasonable concordance of BioFire PN and culture 
results based on semiquantitative thresholds [14, 15, 20, 21]. 
However, since neither sputum culture nor molecular testing 
can accurately discriminate airway colonization from invasive 
bacterial infection, these data alone do not suffice. The relative 
abundance as well as the specific pathogens detected may help 
with interpretation. In our study, S pneumoniae, H influenzae, 
and M catarrhalis—common respiratory pathogens—were as-
sociated with higher genomic copies per milliliter than organ-
isms often considered colonizers, such as S aureus, group B 

Streptococcus, and GNR. We found that high genomic copies 
were associated with a significantly greater percentage of pa-
tients with PCT values ≥0.25 ng/mL and more commonly ad-
judicated as bacterial illness. Notably,  ≥106 copies of specific 
organisms (S pneumoniae and M catarrhalis) were more fre-
quent in pneumonia, suggesting an association with invasive 
disease. As part of the PROGRESS trial, Kyriazopoulou et al 
also found that PCT values were higher in patients with bacte-
ria detected at ≥105 copies/mL [42]. Thus, in the proper clinical 
setting, detection of a high quantity of a typical respiratory 
pathogen in conjunction with an elevated host biomarker 
may indicate a clinically important bacterial infection.

A potentially highly impactful aspect of the BioFire PN assay 
is the high NPV. It is noteworthy that a negative BioFire PN re-
sult in our study was very uncommon in patients with illness 
adjudicated as bacterial by a panel of experts. Thus, a negative 
result in patients outside the intensive care unit setting or in pa-
tients who are not immunocompromised—when unusual bac-
terial or fungal organisms not included in the BioFire PN panel 
are less of a concern—is very reassuring. This conclusion is 
supported by the finding that the BioFire PN results are not af-
fected by recent prior antibiotics. Notably, patients with 
BioFire PN results yielding negative or low bacterial abundance 
with or without low PCT and normal chest radiograph results 
were frequently given antibiotics (64%–76%). It is possible that 
with sound clinical judgment and other clinical factors, nega-
tive BioFire PN results could provide clinicians with greater 
confidence to stop unneeded antibiotics.

Not to be overlooked is the additional value of BioFire PN to 
detect viruses and atypical organisms such as Mycoplasma and 
Legionella species. Non–Legionella pneumophila serotype 1 is 
not detected on urinary antigen assays and may be detectable 
by BioFire PN [43]. Viral detection doubled with BioFire PN 
when compared with SOC testing, consistent with a number 
of publications showing that viral testing of sputum offers 

Table 4. Sensitivity and Specificity of BioFire PN Panel Results Positive 
for Any Bacteria vs Clinical Adjudication as the Gold Standard

No. BioFire 
Positive

Sensitivity, 
%

Specificity, 
%

PPV, 
%

NPV, 
%

All sputum samples 
(n = 158)

95 45 75 84

Viral (n = 58) 32

Bacterial (n = 100) 95

Good quality sputum 
(n = 122)

94 59 84 81

Viral (n = 37) 15a

Bacterial (n = 85) 80

Moderate quality 
sputum (n = 36)

100 28 59 100

Viral (n = 21) 17

Bacterial (n = 15) 15

Standard bacteria were detected with or without a virus detected. Clinical adjudication 
resulted in definitive diagnosis of viral alone or bacterial. Bacterial included bacterial alone 
and bacterial + viral. Indeterminant cases are not included.  

Abbreviations: BioFire PN, BioFire FilmArray Pneumonia Panel; NPV, negative predictive 
value; PPV, positive predictive value.  
aP = .0001. Difference in percentage of BioFire PN–positive samples between bacterial and 
viral infection.

Table 5. Comparison of Clinical Markers of Inflammation and Clinical 
Adjudication by Bacterial Abundance

Quantity, Copies/mL

Variable 104–105 (n = 40) 106 to ≥107 (n = 109) P Value

Median (IQR)

WBC, 103/μL 12.35 (8.1–14.5) 11.5 (9.4–15.3) .23

PCT, ng/mLa 0.12 (0.06–0.21) 0.16 (0.06–0.92) .16

No. (%)

PCT >0.25 ng/mLa 8/39 (21) 44/108 (41) .03

Adjudicated as 
bacterialb

11/40 (28) 69/109 (63) <.0001

Results of good quality samples with quantifiable standard bacteria detected (n = 149) were 
analyzed by low and high genomic copy number. Samples with atypical bacteria detected 
were excluded because testing was qualitative.  

Abbreviations: PCT, procalcitonin; WBC, white blood cell.  
aPCT testing was missing in 1 participant in each group.  
bBacterial = bacterial alone or bacteria + virus.
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increased diagnostic yield vs nasopharyngeal testing alone, par-
ticularly in hospitalized patients [44–46]. Sputum analysis has 
been severely limited by the difficulty of collecting adequate 
samples without oropharyngeal contamination from nonintu-
bated patients. We observed that BioFire analytic performance 
was better in high quality samples than moderate quality sam-
ples, similar to a study by Andrews et al [34]. However, in the 
moderate quality samples, NPV remained excellent (>94%) 
and continued to demonstrate added value of detection of atyp-
ical bacterial and viruses. Gilbert et al assessed the value of 
BioFire PN vs a multitest bundle of SOC diagnostic testing in 
274 patients with sputum available [33]. Investigators demon-
strated that viral pathogens were more commonly detected 
with BioFire PN than SOC and that BioFire PN outperformed 
urinary antigen testing for pneumococcus and legionella. They 
also concluded that serum PCT was helpful to distinguish bac-
terial invasion from colonization. Our data align with these 
findings and suggest that use of BioFire PN in patients produc-
ing sputum could replace a number of SOC tests while offering 
the possibility of ruling out bacterial infection if negative.

Our study has several limitations. We were unable to collect 
sputum samples on all patients, and frequent administration of 
antibiotics prior to sputum collection hampered direct compar-
isons of BioFire PN and culture. In addition, our study popula-
tion was limited to those who could provide informed consent. 
Finally, as BioFire PN results were not released to clinicians, 
clinical impact could not be directly assessed.

In summary, BioFire PN testing yielded significantly more 
potential pathogens than culture and was less affected by prior 

antibiotics in hospitalized patients with a variety of 
community-acquired LRTIs. The NPV for sputa of good and 
moderate quality was excellent, and with increased viral detec-
tions, BioFire PN offers a tool to reduce unnecessary antibiotic 
use. Randomized clinical trials are needed to further assess the 
clinical impact of BioFire PN testing.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by the 
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding 
author.
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