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Abstract

Background: Lower respiratory tract infections (LRTIs) are a significant cause of mor-

bidity and mortality in lung transplant (LTx) recipients. Timely and precise pathogen

detection is vital to successful treatment.Multiplex PCR kits with short turnover times

like the BioFire Pneumonia Plus (BFPPp) (manufactured by bioMérieux)may be a valu-

able addition to conventional tests.

Methods:Weperformed a prospective observational cohort study in 60 LTx recipients

with suspected LRTI. All patients received BFPPp testing of bronchoalveolar lavage

fluid in addition to conventional tests including microbiological cultures and conven-

tional diagnostics for respiratory viruses. Primary outcome was time-to-test-result;

secondary outcomes included time-to-clinical-decision and BFPPp test accuracy com-

pared to conventional tests.

Results:BFPPp provided results faster than conventional tests (2.3 h [2–2.8] vs. 23.4 h

[21–62],p<0.001), allowing for faster clinical decisions (2.8 [2.2–44] vs. virology28.1h

[23.1–70.6] and microbiology 32.6 h [4.6–70.9], both p< 0.001). Based on all available

diagnostic modalities, 26 (43%) patients were diagnosed with viral LRTI, nine (15 %)

with non-viral LRTI, and five (8 %) with combined viral and non-viral LRTI. These diag-

noses were established by BFPPp in 92%, 78%, and 100%, respectively. The remaining

20 patients (33 %) received a diagnosis other than LRTI. Preliminary therapies based

onBFPPp results were upheld in 90%of cases. Therewere six treatmentmodifications

based on pathogen-isolation by conventional testingmissed by BFPPp, including three

due to fungal pathogens not covered by the BFPPp.

Conclusion: BFPPp offered faster test results compared to conventional tests with

good concordance. Theabsenceof fungal pathogens fromthepanel is a potentialweak-

ness in a severely immunosuppressed population.

Abbreviations: BAL, bronchoalveolar lavage; BFPP, BioFire Pneumonia panel multiplex PCR; BFPPp, BioFire Pneumonia Plus panel multiplex PCR; CLAD, chronic lung allograft dysfunction; CRP,

C-reactive protein; FEV1, forced expiratory volume in 1 second; hMPV, humanMetapneumovirus; IFT, immunofluorescence test; LRTI, lower respiratory tract infection; LTx, lung transplantation;

PCR, polymerase chain reaction; RSV, respiratory syncytial virus
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1 INTRODUCTION

Since the first lung transplantation (LTx) in 1963,1 LTx has become a

widespread therapy in end-stage lungdisease, and long-termoutcomes

have improved.2 Infections, particularly lower respiratory tract infec-

tions (LRTI), remain a major cause of morbidity and mortality after

LTx.3 Opportunistic bacterial and fungal pathogens are common and

are often inadequately covered by empiric antibiotic regimens.4,5 Fur-

thermore, the course of viral LRTI is more severe in transplant recipi-

ents and increases the riskof chronic lungallograft dysfunction (CLAD),

the main driver of post-LTx mortality.6–8 Therefore, timely and accu-

rate pathogen identification is of vital importance in suspected LRTI in

LTx patients.

Bronchoscopy with bronchoalveolar lavage (BAL) is a key proce-

dure in thework-up of suspected LRTI after LTx.9,10 For themajority of

bacteria and fungi, microbiological culture from BAL remains the gold

standard for diagnosis. Cultures are limited by long turnaround time

and decreased sensitivity in patients that have received empiric anti-

infective therapy.11 In hard-to-culture and slow growing microorgan-

isms like atypical bacteria, mycobacteria, and certain fungi, molecular

methods of pathogen detection like polymerase chain reaction (PCR)

are a valuable diagnostic tool.12–15 PCR-based tests have become the

method of choice in viral pathogen detection in addition to immune-

fluorescence testing (IFT).3 Short turn-over multiplex PCR with a pre-

defined group of pathogens allows for swift detection of both viral

and bacterial pathogens and is suitable for point of care testing.16

One such test system is the BioFire Pneumonia Plus panel (BFPPp),

manufactured by bioMérieux.17 BFPPp was demonstrated to be accu-

rate for pathogen detection in both individual samples and contrived

aggregate samples simulating a polymicrobial infection.17 Recent stud-

ies demonstrate that BFPPp and the earlier BioFire Pneumonia panel

(BFPP) perform well in both sputum and BAL samples in a variety of

settings outside the context of LTx.16–30 Furthermore, the older BFPP

was recently shown to allow for faster clinical decisions while retain-

ing good overall concordance with conventional diagnostics in LTx

recipients.31 Notably, the majority of patients in this study underwent

bronchoscopy for routine surveillance, not due to suspected LRTI.31

We therefore conducted a prospective study comparing the expanded

BFPPp to conventional testing in LTx patients with suspected LRTI to

evaluate its potential benefits in improving the time to pathogendetec-

tion and clinical decisionmaking.

2 METHODS

2.1 Study design

Between October 2019 and August 2020, 60 LTx recipients with sus-

pected LRTI in the LTx outpatient clinic of a large university hospi-

tal were included in an open-label longitudinal, observational cohort

study. The time to clinical decision and test accuracy of the BFPPp

BioFire “Pneumonia Plus” panel (bioMérieux, France, see Table 1)

were compared to routine microbiological (culture-based) and viro-

logical (IFT and/or PCR) diagnostic tests. The study was approved

by the internal Ethics Review Board of Hannover Medical School

(#8690_MPG_23b_2019) and registered in the German Clinical Tri-

als Register (DRKS00019225). All patients provided written informed

consent.

2.2 Eligibility criteria

All LTx recipients with suspected LRTI presenting to the outpatient

clinic were eligible. Suspicion of LRTI was defined as at least two

of six of the following criteria: new or progressive pulmonary opaci-

ties, hypoxemia (SpO2 or SaO2 < 92% or need for oxygen), temper-

ature of 38◦C or above within the last 7 days, new-onset or pro-

gressive productive cough, reduction of forced expiratory volume

in 1 second (FEV1) by 10% or more compared to last outpatient

spirometry measurement and C-reactive protein (CRP) of ≥5 mg/l.32

Patients were included consecutively. Patients unwilling to participate

or unable to undergo bronchoscopy with BAL were ineligible for study

participation.

2.3 Study procedure

Following study inclusion, patients underwent bronchoscopy includ-

ing BAL with a total volume of 100 ml of normal saline, as previously

described.33 Lavagewas performed in the lingula ormiddle lobe or tar-

geted to opacities on chest x-ray. BAL fluid was pooled and examined

in parallel by BFPPp, conventionalmicrobiological culture, and conven-

tional virological testing using IFT ± PCR if IFT returned negative but

clinical suspicion of a viral LRTI persisted. In select cases with high clin-

ical suspicion of viral LRTI, conventional virological PCR was used as

the initial conventional virological test in first line. Test results were

immediately sent to the LTx outpatient clinic. As per our standard clin-

ical procedure, transbronchial biopsy to rule out acute allograft rejec-

tion was performed if endobronchial findings were incompatible with

infection.

Digital time stampswere set in our clinical database (FileMaker Pro;

Claris International Inc, Santa Clara, CA, USA) upon sample retrieval as

well as arrival of each diagnostic result, as well as upon clinical deci-

sion based on each result. If the first diagnostic results did not reveal a

relevant pathogen, the clinical decision was deferred until the all LRTI-

specific test results became available, or an alternative clinical diagno-

sis wasmade.
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TABLE 1 BFPPp (BioFire Pneumonia Plus) pathogen spectrum according tomanufacturer

Bacteria (semi-quantitative) Virus (qualitative)

Atypical Bacteria

(qualitative)

Antibiotic resistance

genes

Acinetobacter calcoaceticus-baumannii complex Influenza A Legionella pneumophila Carbapenemases

Enterobacter cloacae Influenza B Mycoplasma pneumoniae KPC

Escherichia coli Adenovirus Chlamydia pneumoniae NDM

Haemophilus influenzae Coronavirus Oxa48-like

Klebsiella aerogenes Parainfluenza virus VIM

Klebsiella oxytoca Respiratory syncytial virus IMP

Klebsiella pneumoniae group Human rhinovirus/enterovirus ESBL

Moraxella catarrhalis Humanmetapneumovirus CTX-M

Proteus spp. Middle East Respiratory SyndromeCoronavirus Methicilin resistance

Pseudomonas aeruginosa mecA/mecC andMREJ

Serratia marcescens

Staphylococcus aureus

Streptococcus agalactiae

Streptococcus pneumoniae

Streptococcus pyogenes

Abbreviations: CTX-M, cefotaximase-Munich; IMP, imipenemase metallo-beta-lactamase; KPC, Klebsiella pneumoniae carbapenemase; mecA/mecC, resis-

tance genes encoding the penicillin-binding protein 2A;MREJ, mec right extremity junction; NDM, NewDelhi metallo-β-lactamase; Oxa48-like, oxacillinase-

48-like carbapenemase; VIM, Verona integron-encodedmetallo-β -lactamase.

2.4 BioFire Pneumonia Plus PCR-assay

Information on the BFPPp is available at the manufacturer’s

website (https://www.biomerieux-diagnostics.com/biofire-filmarray-

pneumonia-panel; accessed on OCT-28-2020). Panel coverage is

summarized in Table 1. BFPPp analysis timewas 70min.

2.5 Conventional diagnostics

As per our standard protocol, BAL samples were initially assessed

by antigen testing for common viral causes of LRTI using IFT. In IFT-

negative patients, conventional viral multiplex PCR testing as outlined

below was added in case of clinical suspicion for viral LRTI. Analysis

time of IFT was 2–3 h, with some variability as parts of the method

require manual steps. In selected patients with strong suspicion of a

viral LRTI due to clinical presentation and endobronchial findings, con-

ventional viral multiplex PCR was performed without prior IFT (as per

clinician’s judgement).

The conventional virology IFT and PCR panels both included ade-

novirus, human metapneumovirus (hMPV), influenzavirus type A and

B, parainfluenzavirus type 1–4, and respiratory syncytial virus (RSV).

Conventional virology PCR additionally included herpes simplex virus

and rhinovirus (RV). Real-time PCRs were performed on the ABI 7500

system (ABI) for influenzavirus type A and B and adenovirus utilizing

previously described laboratory developed tests34,35 or the R-Gene

multiplex PCR kits for detection of RSV/hMPV (RSV/hMPV R-GENE),

RV (Rhino and EV/Cc R-GENE bioMérieux), Coronavirus and Parain-

fluenza (HCoV/HParaflu R-GENE, bioMérieux). Conventional viral PCR

required 4 h. Coronavirus (subtypes NL63, 229E, HKU1 and OC43)

was part of the conventional PCRpanel untilMarch 2020. SARS-CoV-2

PCR testing was performed based on clinical suspicion during the last

week of the study during the pandemic. Antigen testing for phospho-

protein 65 in purified blood leukocyteswas performed in all patients to

check for cytomegalovirus infection.

For microbiological testing, we used direct microscopy and quanti-

tative culture techniques. Directmicroscopywas performed using BAL

Gram and Auramin stain. Standard bacterial culture media included

Columbia blood agar (BD BBL), chocolate agar (BD BBL), MacConkey

Agar (MAST), Thayer-Martin agar (Oxoid), Mannit-NaCl-Agar (BD),

and tryptic soy broth as enrichment medium (Oxoid). For mycologi-

cal cultures, we used malt extract agar (Oxoid). Mycobacterial test-

ing was performed using Löwenstein-Jensen-Medium (bioMérieux),

Stonebrink Medium (Oxoid), and MGIT liquid medium (BD). We used

MALDI-TOF (bioMérieux Vitek-MS with Saramis database) or Vitek

identification cards (Vitek2-XL, bioMérieux) for bacterial and yeast

identification. Molds were identified via microscopy or sequencing of

the internal transcribed spacer region. Antibiotic susceptibility was

tested with the Vitek-2 XL system (bioMérieux) or Merlin MICRO-

NAUTmicrodilution system (Merlin Diagnostika).

2.6 Outcome

The primary endpoint of this study was the time to test result of the

BFPPp compared to conventional diagnostics, measured from time of

https://www.biomerieux-diagnostics.com/biofire-filmarray-pneumonia-panel
https://www.biomerieux-diagnostics.com/biofire-filmarray-pneumonia-panel


4 of 11 KAYSER ET AL.

bronchoscopy. The time to clinical decision, sensitivity, specificity, and

positive/negative agreement (based on Cohen’s Kappa) of pathogen

isolation by BFPPp-based testing versus standard diagnostic proce-

dures were key secondary endpoints. We used conventional microbi-

ological culture as the gold standard for bacterial pathogen detection

based on previous studies.32 Since both BFPPp and our conventional

virology IFT and multiplex PCR are certified in accordance to EU in

vitro diagnostic testing standards (CE-IVD), we chose to weigh both

tests equally. Virologyoutcomesareexpressedaspositive andnegative

test agreement between BFPPp and conventional diagnostics rather

than sensitivity and specificity to reflect this.36 Diagnosis was estab-

lished based on the results of all diagnostic tests, including BFPPp, con-

ventional microbiological culture, conventional virology testing, and

additional work-up for non-infectious diseases.

Viral or non-viral LRTI were diagnosed if either BFPPp, conven-

tional diagnostics, or both modalities detected a probable causative

pathogen. Organisms belonging to the normal lower respiratory

tract flora or without lung-pathogenicity were disregarded as pos-

itive results. Facultative pathogens such as Achromobacter species,

Stenotrophomonas maltophilia, and Penicillium species were only con-

sidered if they were isolated for the first time, had a significant value

(>10ˆ2) of colony forming units, and if no other, more likely pathogen

was isolated in the same sample. Additional testing for atypical bacte-

ria (i.e.,Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella

pneumophila) was reserved for cases with a high pre-test probabil-

ity based on the clinical presentation. If no LRTI-typical pathogen

was detected, further diagnostic work-up was initiated, and the final

diagnosis was deferred until all necessary diagnostic steps were

completed.

2.7 Statistical analysis

Statistical analysiswas performedusing SPSS v27 (IBMSPSS Statistics,

Armonk, NY, USA) and R Studio v1.4.1103 (R Foundation for Statisti-

cal Computing, Vienna, Austria). Categorical variables are presented

as numbers (n) or percentages (%), and continuous variables as median

and 25% and 75% quartiles or percentiles. Agreement between PCR

and conventional testing was assessed using Cohen’s κ. Differences
between time to test results and clinical decision were assessed by

Wilcoxon signed-rank test.

For sample size calculation, a clinically relevant additional benefit

of BFPPp testing in time to test result together with routine diagnos-

tics of 20% would be relevant, since a previous study with a different

BFPPp kit yielded no additional benefit as per that definition.32 We

defined receiving identical or additional pathogen identification with

BFPPp faster than conventional tests as clinically beneficial. For cal-

culation, we used Fisher’s exact method and assumed a distribution of

proportions p1= 100% and p2= 80%, with an alpha-error of 0.05 and

a power (1-ß) of 95%. This yielded a sample size per group of 50 (equal

to total sample size since all study participants receive both tests) with

an actual power of 0.952 and actual alpha of 0.028. Adjusting for antic-

ipated loss to follow-up, we aimed for a sample size of 60.

TABLE 2 Patient characteristics

Total

Characteristic n= 60

Female, n (%) 22 (37)

Age (years), median (25, 75% percentile) 56 (45, 62)

CRP (mg/L), median (25, 75% percentile) 10.9 (4.3, 43.4)

Empiric antibiotic therapy prior to visit, n (%) 30 (50)

Concomitant transbronchial biopsy performed, n (%) 20 (33)

Biopsy-proven acute graft rejection, n (%) 4 (7)

Transplant type, n (%)

Bilateral 59 (98)

Unilateral 1 (2)

Underlying disease, n (%)

Cystic fibrosis/bronchiectasis 12 (20)

Emphysema incl. alpha1ATD 21 (35)

Fibrosis/interstitial lung disease 17 (28)

Other 10 (17)

Years after transplantation, median (25, 75%

percentile)

2.9 (1.2, 7.1)

Previous airway colonization, n (%) 16 (27)

Pseudomonas aeruginosa 11 (69)

Methicillin sensitive Staphylococcus aureus 2 (13)

Other 3 (19)

Inclusion criteria, n (%)

Fever (>38◦C) 18 (30)

Hypoxemia 5 (8)

Opacity on chest x-ray (new or progressive) 5 (8)

FEV1 decline≥10% 49 (82)

CRP≥5mg/L 43 (72)

Productive cough (new or progressive) 49 (82)

Abbreviations: Alpha1ATD, alpha-1 antitrypsin deficiency; CRP, C-reactive

protein; FEV1, forced expiratory volume in 1 second.

3 RESULTS

Sixty LTx patients with suspected LRTI were enrolled in this study

between November 2019 and August 2020. The median age was

56years (25%and75%quartiles 45–62),with amedian timeposttrans-

plantation of 2.9 years (1.2–7.1). Fifty percent of patients had received

prior empiric antibiotic therapy. Patient demographics are shown in

Table 2.

3.1 Primary endpoint – time to test result and
clinical decision

The comparisons of times to test result and clinical decision are sum-

marized in Figure 1A,B. Themedian time to test resultwas 2.3 h (2–2.8)

for the BFPPp. For conventional testing, the median time to test result
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F IGURE 1 Time to test result notification (A) and time to relevant clinical decision (B) for BioFire Pneumonia Plus panel (BFPPp) versus viral
andmicrobiology conventional testing

was 23.4 h (21.1–62, p < 0.001) and 25.2 h (22.8–69.5, p < 0.001), for

virology and microbiology, respectively. Regarding conventional viro-

logical diagnostics, 36 patients were tested using IFT only, 21 were

tested using IFT plus subsequent conventional virological PCR, and

three were tested using conventional virological PCR only. Median

time to test result was 23 h (20.1–25.8), 47.6 h (22–70.6), and 21.4 h

(19.8–72) in patients tested using IFT, IFT plus subsequent conven-

tional PCR, and conventional PCR only, respectively (both IFT and IFT

plus PCR p< 0.001 compared to BFPPp).

Time to relevant clinical decision and resulting treatment modifica-

tion was 2.8 (IQR 2.2–44) for BFPPp versus 28.1 h (23.1–70.6), and

32.6 h (24.6–70.9) for overall conventional virology and microbiology,

respectively (both p < 0.001). Within conventional virology, median

time to clinical decisionwas 25.4 h (22.9–50.7), 69.4 h (25.1–81.8), and

21.4 h (46.7–71.9) in patients testedwith IFT alone, initial IFT plus sub-

sequent conventional PCR and immediate conventional PCR, respec-

tively (IFT-only p< 0.001, IFT plus PCR p= 0.018 compared to BFPPp).

3.2 Pathogen detection

In 48 of 60 (80%) patients, a pathogen was detected by either BFPPp,

conventional testing or both, with results illustrated in Figure 2. In

18 of 60 (30%) of patients, multiple pathogens were identified in the

same patient. In 25 of 48 (59%) patients with pathogen isolation by

any method, BFPPp and conventional diagnostics showed a complete

match. In 17 of 48 (35%), there was a partial match, that is, agreement

between BFPPp and either conventional virology or microbiology, but

diverging results between BFPPp and the other conventional modal-

ity. We observed one complete mismatch in both (Haemophilus parain-

fluenzae identified by conventional microbiology; coronavirus found by

BFPPp in addition to hMPV found by both test modalities). Addition-

ally, there were five of 48 cases with a negative BFPPp and non-viral

pathogensdetected in conventional tests. In threeof five of these false-

negativeBFPPp, therapywasmodified in response to the pathogen iso-

lation by conventional methods.

Pathogen overlap between BFPPp and conventional methods is

summarized in Figure 3. BFPPp revealed 38 viral and 19 bacterial

pathogens, of whom 36 of 38 (96%) viral and 17 of 19 (90%) bacterial

pathogens were judged clinically relevant. Conventional testing identi-

fied 32 viral, 28 bacterial, and six fungal pathogens. Of these, 31 of 32

(98%) viral pathogens, 20 of 28 (71%) bacterial, and three of six (50%)

fungal pathogens were judged clinically relevant.

3.3 Antibiotic resistance markers

Aside from pathogen detection, the BFPPp panel also includes seven

genetic antibiotic resistance markers (see Table 1). BFPPp detected

an antibiotic resistance marker in only one instance (a Staphylococcus

aureus isolate with mecA/mecC and MREJ marker, which is associated

with methicillin-resistance).37 However, conventional microbiology

showed the isolated Staphylococcus aureus to be methicillin-sensitive,

and the patient improved on a non-methicillin-resistance-specific

antibiotic therapy.

3.4 Positive and negative test agreement

Overall BFPPp positive test agreement was 78.7% for the pathogens

included, while overall negative test agreement was 100%, with find-

ings summarized in Table 3 and Table S1. There was no significant

difference in sensitivity of either test between patients who had

received antibiotic therapy prior to bronchoscopy and those who had

not (BFPPp p = 0.838, conventional diagnostics p = 0.710). BFPPp

sensitivity and specificity for included bacteria were 58% and 100%

(Cohen’s κ 0.564, p < 0.001). For viral pathogens, positive and nega-

tive test agreement of BFPPp with conventional virology was 95% and

100%, respectively, with an overall test result match compared to con-

ventional virology in 50 of 60 patients, corresponding to a Cohen’s κ of
0.693 (p< 0.001). Conventional virology showed a positive test agree-

ment of 80% and a negative test agreement of 100% (aggregate value
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F IGURE 2 BFPPp/conventional diagnostic (mis-)matches. BFPPp, BioFire Pneumonia Plus panel; PCR, polymerase chain reaction

of IFT and PCR). IFT identified 21 of 29 viral pathogens in 36 patients,

with a positive test agreement of 72%,while BFPPp identified 29 of 29.

By contrast, conventional PCR identified 11 of 11 viral pathogens in

the remaining 24 patients. BFPPp identified nine of 11 viral pathogens,

achieving 82% positive test agreement in this subgroup. Correlations

between BFPPp and conventional virology PCR results are summa-

rized in Table S2.

3.5 Final diagnoses, hospitalizations, and
diagnostic tools

A synopsis of pathogen discovery, final diagnoses, and diagnosis-

establishing diagnostic methods is shown in Figure S1. The final

diagnoses made were viral LRTI in 26 of 60 (43%), bacterial LRTI in

nine of 60 (15%), combined LRTI in five of 60 (8%), and a diagnosis

other than LRTI in 20 of 60 (33%). Five (8%) patients were hospitalized

subsequent to the study visit, of which three (60%) received an LRTI

diagnosis. The majority of LRTI diagnoses (29/40, 72,5%) were made

in agreement of both conventional diagnostics and BFPPp. Seven viral

LRTIs were diagnosed based solely on BFPPp, while two viral and

two non-viral LRTI were diagnosed exclusively based on conventional

diagnostics. Therapy was modified from the preliminary BFPPp-based

treatment decision in six of 60 (10%) patients, modifications are

summarized in Table 4. In two of these, identification of a fungal

pathogen led to an escalation of antifungal therapy, although expanded

diagnostics identified a diagnosis other than LRTI as the main cause of

the patients’ symptoms.
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F IGURE 3 Venn diagram illustrating test result overlap for viral pathogens and non-viral pathogens. Asp, Aspergillus; BFPPp, BioFire
Pneumonia Plus panel; IFT, immunofluorescence test; PCR, polymerase chain reaction; NCR, not clinically relevant

TABLE 3 Test accuracy and detection rate per pathogen

Conventional testing Rapidmultiplex PCR

Pathogen -microbiology Total N (PPV; NPV) (Sens; Spec)* N (PPV; NPV) (Sens; Spec)*
Cohen’s

kappa p value

Moraxella catarrhalis 2 2 (100; 100) (100; 100) 2 (100; 100) (100; 100) 1.00 <0.001

Pseudomonas aeruginosa 12 12 (100; 100) (100; 100) 11 (100; 98) (92; 100) 0.95 <0.001

Staphylococcus aureus 6 6 (100; 100) (100; 100) 5 (100; 98) (83; 100) 0.90 <0.001

Streptococcus pneumoniae 1 1 (100; 100) (100; 100) 1 (100; 100) (100; 100) 1.00 <0.001

Escherichia coli 2 2 (100; 100) (100; 100) 0 (-; 97) (0; 100) 0.00 <0.001

Klebsiella pneumoniae 1 1 (100; 100) (100; 100) 0 (-; 98) (0; 100) 0.00 <0.001

Haemophilus parainfluenzae 4 4 (100; 100) (100; 100) Not included in BFPPp

Aspergillus fumigatus 3 3 (100; 100) (100; 100) Not included in BFPPp

Aspergillus westerdijkiae 1 1 (100; 100) (100; 100) Not included in BFPPp

Fusarium species 1 1 (100; 100) (100; 100) Not included in BFPPp

Saprochaetae capitata 1 1 (100; 100) (100; 100) Not included in BFPPp

Pathogen - Virology Total N (PPV; NPV) (PosA; NegA)* N (PPV; NPV) (PosA; NegA)*
Cohen’s

kappa p value

Coronavirus 4 3 (100; 98) (75; 100) 4 (100; 100) (100; 100) 0.85 <0.001

hMPV 11 11 (100; 100) (100; 100) 9 (100; 96) (82; 100) 0.88 <0.001

RSV 3 3 (100; 100) (100; 100) 3 (100; 100) (100; 100) 1.00 <0.001

Rhinovirus 8 4 (100; 93) (50; 100) 8 (100; 100) (100; 100) 0.63 <0.001

Influenza A 2 2 (100; 100) (100; 100) 2 (100; 100) (100; 100) 1.00 <0.001

Parainfluenzavirus 12 9 (100; 94) (75; 100) 12 (100; 100) (100; 100) 0.83 <0.001

Abbreviations: BFPPp, BioFire Pneumonia Plus panel multiplex polymerase chain-reaction; hMPV, human metapneumovirus; NegA, negative agreement;

NPV - negative predictive value; PCR, polymerase chain reaction; PosA, positive agreement; PPV, positive predictive value; RSV, respiratory syncytial virus;

Sens, sensitivity, Spec, specificity.
*Virology results are labeled positive and negative agreement (PosA andNegA) rather than sensitivity and specificity (Sens and Spec) as bothmodalitieswere

weighed equally.36
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TABLE 4 Treatment modifications due to additional pathogen identified by conventional diagnostics

Pathogens detected

by BFPPp

Initial diagnosis

based on BFPPp

Initial therapy

based on BFPPp

Additional pathogen

detected by conventional

diagnostics

Treatment

modification Final diagnosis

Pseudomonas
aeruginosa

Pseudomonas
aeruginosa bacterial
LRTI

Antibiotic therapy Staphylococcus aureus and
Saprochaetae capitata

Escalate antifungal

therapy, no change

to antibiotic

therapy

Fungal and bacterial LRTI

Pseudomonas
aeruginosa (known
colonization)

Unclear, further

diagnostic steps

required

None hMPV Reduction of cell

cycle inhibitor

Viral LRTI

Rhinovirus Viral LRTI Reduction of cell

cycle inhibitor

hMPV Ribavirin therapy Viral LRTI

None Suspected LRTI None Escherichia coli and
Pseudomonas aeruginosa

Inhaled and oral

antibiotics

Bacterial LRTI

None Unclear, further

diagnostic steps

required

None Aspergillus westerdijkiae Escalate antifungal

therapy

ARAD and fungal graft

colonization

None Unclear, further

diagnostic steps

required

None Fusarium species Escalate antifungal

therapy

Biopsy-proven acute

allograft rejection and

fungal graft colonization

Abbreviations: ARAD, azithromycin-reversible allograft dysfunction; BFPPp, BioFire Pneumonia Plus panel multiplex polymerase chain-reaction; hMPV,

humanmetapneumovirus; LRTI, lower respiratory tract infection.

4 DISCUSSION

In this prospective study, BFPPp was superior in time to test result

and time to clinical decision while maintaining an acceptable accuracy

rate in conventional microbiology and virology testing. In 63%of cases,

BFPPp results led to same-day targeted initiation of anti-infective

therapy.

The utility of the BFPPp and the previous generation BFPP, featur-

ing a similar panel except for the absence of MERS-CoV, were studied

in intensive care unit and other in-patient settings and demonstrated

a shortened response time and equal or even better sensitivity com-

pared to conventional diagnostics.16–30 In LTx patients, PCR-based

testing from BAL has previously been described in the context of viral

infections, impossible-to-cultivate atypical bacteria, and Pneumocystis

jirovecii.12,13,38,39 Recent studies have evaluated PCR-based testing

for specific fungal pathogens and Nocardia.14,40 Given the larger

number of potential LRTI-causing pathogens in LTx recipients,3,41

specialized extended-spectrum PCR panels are required. A prior study

by our group evaluating another rapid multiplex PCR test (Curetis P55

pneumonia) targeting bacterial pathogens had excellent turnaround

time compared to conventional testing but limited sensitivity, which

proved problematic in the context of high prevalence of viral LRTI in

LTx patients.32 Recently, the older generation BFPP panel was demon-

strated to improve clinical decisionmaking in LTx recipients.31 Notably,

the large majority of bronchoscopies in this study were performed for

routine surveillance without suspicion of LRTI.31 However, there are

no data on the use of BFPPp in the context of LRTI in LTx.

BFPPp delivered results significantly faster than conventional

diagnostics, allowing for swift preliminary diagnoses and treatment

decisions. In all but two cases, BFPPp results were available on the

day of bronchoscopy, enabling us to discharge 63% of all patients

(90% of patients with LRTI) with a tailored anti-infective therapy. By

contrast, conventional diagnostic results usually became available

24 h after bronchoscopy. Prior to the establishment of BFPPp in our

outpatient clinic, this delay hindered targeted anti-infective therapy

initiation, forcing the patient to obtain a prescription from his general

practitioner before therapy is started. Given the current pandemic,

the avoidance of a second contact of LTx recipients with the health

care system is a meaningful advantage in a population particularly

at risk from COVID-19. At the time of this study, which spans from

before the pandemic to after the first European wave, SARS-CoV-2

was not included in the testing panel. However, the manufacturer

has already released an updated version of the test that includes

SARS-CoV-2.42

Partially, this advantage was due to organizational factors since

extensive same-day diagnostics make test results of BAL samples fre-

quently available only after the regular work-hours of laboratory staff.

Thus, the 3- to 4-h run-time of conventional tests is a significant hur-

dle to same-day initiation of targeted therapy. Notably, our standard

operating procedure for BAL infection diagnostics includes IFT test-

ing followed-upby conventional virological PCR if IFT remains negative

but viral LRTI suspicion persists, whereas conventional virological PCR

was used directly in a few cases as per physician’s discretion. BFPPp

results were available faster than conventional virology, regardless of

whether conventional virology consisted of IFT or IFT and subsequent

PCR. A comparison between BFPPp and conventional PCR-only cases

was statistically unfeasible on the basis of only three patients directly

receiving conventional PCRwithout IFT.
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Fifty-eight percent of the cases in this study involved a viral

pathogen while non-viral LRTIs were less common. This may be

explained by the outpatient setting of this study, as we provide out-

patient LTx follow-up care to patients all over Germany, and patients

with very severe symptoms are advised to present to a local emergency

department without delay for initial work-up. Therefore, the pre-test

probability for severe bacterial LRTI in our patient cohort was low, as

reflected by the low prevalence of radiological changes and the low

meanCRP. Another aspect to consider is that half our study population

had received empiric oral antibiotics prior to visiting our outpatient-

clinic, potentially obscuring some cases of bacterial LRTI. Tradition-

ally, PCR-based tests have been described as more resilient to these

obscuring effects than conventional culture43; however, another group

reported negative BFPP/BFPPp results in BAL samples loaded in vitro

with ≤log10ˆ3 copies of Staphylococcus.17 Therefore, reduction of bac-

terial burden by antibiotic pre-treatment might have led to false neg-

ative BAL samples in our study as well. We specifically suspected an

obscuring of bacterial pathogens due to prolonged empiric antibiotic

pre-treatment in at least three patients with BFPPp and culture nega-

tive BAL samples and improvement upon further antibiotic therapy. As

our study focused on diagnostic tests, these three caseswere nonethe-

less classified as “alternative final diagnoses.”

Overall, BFPPp positive agreement with conventional diagnostics

was excellent regarding viral pathogens, particularly in comparison to

routine virology IFT. Test agreement between BFPPp and conventional

virology was substantial (κ > 0.61) or even close-to-perfect (κ > 0.81)

both overall and for IFT and PCR, individually.44 Specifically, BFPPp

missed two cases of hMPV identified by conventional PCR. However,

in both cases, hMPV was found in low concentrations (at 42 and 43

PCR cycle turns) with unclear clinical significance. A missed diagnosis

of hMPVnonetheless represents a relevant flaw in LTx-recipients, since

hMPV increases CLAD risk and is treatable.45

BFPPpsensitivity towardbacteriawasmore limited. Inpart, thiswas

due to limitations of the BFPPp panel regarding fungal pathogens and

facultatively pathogenic bacteria that are of questionable relevance

outside severely immunocompromised patients, such as Haemophilus

parainfluenzae. While none of the cases of Haemophilus parainfluenzae

found in this study were deemed clinically relevant, it is a rare poten-

tial cause of LRTI in the immunosuppressed and was thus included in

the analysis.46 Notably, this flaw was also remarked upon by another

study evaluating the use of BFPPp in a setting emphasizing LTx rou-

tine surveillance.31 Antifungal therapy had to be modified in three

of six (50%) instances of fungal pathogens identified by conventional

microbiology. Theabsenceof fungal pathogens, particularlyAspergillus

species and Pneumocystis jirovecii, on the BFPPp panel represents a

significant weakness in LTx patients and other immunocompromised

groupsatparticular risk fromfungal infections, although significantdis-

ease requiring treatment is often anticipated by either bronchoscopic

or radiological findings.Mostmismatches betweenBFPPp and conven-

tional microbiology and virology were of limited clinical consequence,

and therapies established based on BFPPp results were confirmed

by conventional diagnostics in 90% of cases. This accuracy regarding

the detection of clinically relevant pathogens, combined with the fast

return-time, highlights the suitability of the BFPPp for a point-of-care

approach in LTx patients.

Financially, at the time, the study was conducted, BFPPp was cost

equivalent to conventional virology PCR plus microbiology and 24%

more expensive compared to conventional virology IFT plus microbiol-

ogy. Given the absence of several relevant bacteria and fungi from the

BFPPp panel, wewould regard it an addition to rather than a substitute

for conventional testing.

4.1 Limitations

While we aimed to provide real-life data on the use of BFPPp in LRTI

diagnostics in LTx recipients, the generalizability of our study is limited

by a number of factors: Firstly, following our internal standard-of-care

guidelines, most patients received IFT testing as the first, and in 60%

of patients sole, conventional virology test.We cannot exclude that the

exclusive use of IFT for conventional virology led us to underestimate

conventional virology sensitivity, nor can we exclude that there may

have been viral LRTI missed by both IFT and BFPPp that would have

been detected by conventional virology PCR.

Secondly, atypical bacterial pathogens like Mycoplasma, Chlamydia,

and Legionella spp. were not part of the routine conventional microbiol-

ogy test panel except in patients requiring hospitalization. Therefore,

these pathogens may have been missed, although none were detected

by BFPPp. Thirdly, we chose low threshold inclusion criteria defining

suspicion of LRTI, in line with our clinical practice and the outpatient

setting of our study. This may have biased our patient selection toward

lowermorbidity viral LRTI. Furthermore, the paucity of cases of genetic

markers of antibiotic resistance detected by BFPPp leaves us unable to

evaluate this feature of the BFPPp in clinical practice. Notably, the only

instance of such a gene detection was not confirmed by conventional

microbiology and did not turn out to be clinically relevant.

In conclusion, our findings match those of other groups evaluating

the use of BFPPp in settings other than LRTI in LTx recipients.16–30

The BFPPp significantly decreased the response time in the treat-

ment of LRTI in an outpatient setting, with same-day results avail-

able in all but two cases. While BFPPp was a useful tool in the diag-

nosis of viral LRTI, accuracy was more limited in bacterial LRTI. The

absence of fungal pathogens from the panel is a significant weakness

in the context of severely immunosuppressed patients. The BFPPp

may be a useful addition to conventional diagnostics in LTx recipients

because it enables same-day tailored anti-infective therapy, but cannot

replace the broader detection range of conventional microbiological

methods.

CONFLICT OF INTEREST

The authors report no conflict of interest.

ACKNOWLEDGMENTS

The Biofire Pneumonia Plus Panel was kindly provided by bioMérieux.

The Sponsor had no role in designing the trial, data analysis, and

interpretation of the data. Benjamin Seeliger is supported by



10 of 11 KAYSER ET AL.

PRACTIS – Clinician Scientist Program of Hannover Medical

School, funded by the Deutsche Forschungsgemeinschaft (DFG, ME

3696/3-1).

Open access funding enabled and organized by Projekt DEAL.

AUTHOR CONTRIBUTIONS

Dr. Kayser and Dr. Seeliger are responsible for the content of the

manuscript and are both considered first authors.

Data analysis: Moritz Z. Kayser and Benjamin Seeliger. Statistical

analysis: Moritz Z. Kayser and Benjamin Seeliger. Data acquisition:

Moritz Z. Kayser, Benjamin Seeliger, and Patrick Chhatwal. Interpreta-

tion of data: Moritz Z. Kayser, Benjamin Seeliger, TobiasWelte,Mathias

W. Pletz, Patrick Chhatwal, and Jens Gottlieb. Manuscript preparation:

Moritz Z. Kayser and Benjamin Seeliger. Manuscript editing: Christina

Valtin, Jan Fuge, TobiasWelte, StefanZiesing,MathiasW. Pletz, Patrick

Chhatwal, and Jens Gottlieb. Study design: Benjamin Seeliger, Tobias

Welte, Stefan Ziesing, Patrick Chhatwal, Jens Gottlieb, andMathiasW.

Pletz. Data analysis: Christina Valtin. Conceptualization of data acquisi-

tion: Jan Fuge.

ORCID

Moritz Z. Kayser https://orcid.org/0000-0003-1421-1426

Benjamin Seeliger https://orcid.org/0000-0001-7373-752X

ChristinaValtin https://orcid.org/0000-0002-6641-7170

JanFuge https://orcid.org/0000-0003-2926-3608

MathiasW.Pletz https://orcid.org/0000-0001-8157-2753

PatrickChhatwal https://orcid.org/0000-0001-9957-8571

JensGottlieb https://orcid.org/0000-0002-9540-9022

REFERENCES

1. Hardy JD, Webb WR, Dalton ML, Walker GR. Lung homotransplanta-

tion inman. JAMA. 1963;186:1065-1074.
2. Lodhi SA, Lamb KE, Meier-Kriesche HU. Solid organ allograft sur-

vival improvement in the United States: the long-term does notmirror

the dramatic short-term success. Am J Transplant. 2011;11(6):1226-
1235.

3. Nosotti M, Tarsia P, Morlacchi LC. Infections after lung transplanta-

tion. J Thorac Dis. 2018;10(6):3849-3868.
4. Kennedy CC, Razonable RR. Fungal infections after lung transplanta-

tion. Clin Chest Med. 2017;38(3):511-520.
5. Burguete SR, Maselli DJ, Fernandez JF, Levine SM. Lung transplant

infection. Respirology (Carlton, Vic). 2013;18(1):22-38.
6. Allyn PR, Duffy EL, Humphries RM, et al. Graft loss and CLAD-onset

is hastened by viral pneumonia after lung transplantation. Transplanta-
tion. 2016;100(11):2424-2431.

7. Gottlieb J, Schulz TF, Welte T, et al. Community-acquired respiratory

viral infections in lung transplant recipients: a single season cohort

study. Transplantation. 2009;87(10):1530-1537.
8. Martin-Gandul C, Mueller NJ, Pascual M, Manuel O. The impact of

infection on chronic allograft dysfunction and allograft survival after

solid organ transplantation. Am J Transplant. 2015;15(12):3024-3040.
9. Chan CC, Abi-SalehWJ, Arroliga AC, et al. Diagnostic yield and thera-

peutic impact of flexible bronchoscopy in lung transplant recipients. J
Heart Lung Transplant. 1996;15(2):196-205.

10. Bollmann B-A, Seeliger B, Drick N,Welte T, Gottlieb JT, Greer M. Cel-

lular analysis in bronchoalveolar lavage: inherent limitationsof current

standard procedure. Eur Respir J. 2017;49(6):1601844.

11. MurdochDR.Howrecent advances inmolecular tests could impact the

diagnosis of pneumonia. Expert RevMol Diagn. 2016;16(5):533-540.
12. Benitez AJ, ThurmanKA,DiazMH, Conklin L, KendigNE,Winchell JM.

Comparison of real-time PCR and a microimmunofluorescence sero-

logical assay for detection of chlamydophila pneumoniae infection in

an outbreak investigation. J Clin Microbiol. 2012;50(1):151-153.
13. Pignanelli S, Shurdhi A, Delucca F, Donati M. Simultaneous use of

direct and indirect diagnostic techniques in atypical respiratory infec-

tions from Chlamydophila pneumoniae andMycoplasma pneumoniae.

J Clin Lab Anal. 2009;23(4):206-209.
14. Mikulska M, Furfaro E, de Carolis E, et al. Use of Aspergillus fumiga-

tus real-time PCR in bronchoalveolar lavage samples (BAL) for diagno-

sis of invasive aspergillosis, including azole-resistant cases, in high risk

haematology patients: the need for a combined use with galactoman-

nan.MedMycol. 2019;57(8):987-996.
15. Kibiki GS, Mulder B, van der Ven AJAM, et al. Laboratory diagnosis of

pulmonary tuberculosis inTBandHIVendemic settings and the contri-

bution of real time PCR for M. tuberculosis in bronchoalveolar lavage

fluid. TropMed Int Health. 2007;12(10):1210-1217.
16. Lee SH, Ruan S-Y, Pan S-C, Lee T-F, Chien J-Y, Hsueh P-R. Performance

of a multiplex PCR pneumonia panel for the identification of respi-

ratory pathogens and the main determinants of resistance from the

lower respiratory tract specimens of adult patients in intensive care

units. J Microbiol Immunol Infect. 2019;52(6):920-928.
17. Murphy CN, Fowler R, Balada-Llasat JM, et al. Multicenter evaluation

of the BioFire FilmArray Pneumonia/Pneumonia Plus Panel for detec-

tion and quantification of agents of lower respiratory tract infection. J
Clin Microbiol. 2020;58(7):e00128-20.

18. Edin A, Eilers H, Allard A. Evaluation of the Biofire Filmarray Pneumo-

nia panel plus for lower respiratory tract infections. Infect Dis (Lond).
2020;52(7):479-488.

19. Gadsby NJ, Russell CD, McHugh MP, et al. Comprehensive molecular

testing for respiratory pathogens in community-acquired pneumonia.

Clin Infect Dis. 2016;62(7):817-823.
20. Webber DM, Wallace MA, Burnham CA, Anderson NW. Evaluation

of the BioFire FilmArray Pneumonia Panel for detection of viral

and bacterial pathogens in lower respiratory tract specimens in the

setting of a tertiary care academic medical center. J Clin Microbiol.
2020;58(7):e00343-20.

21. Foschi C, Zignoli A, Gaibani P, et al. Respiratory bacterial co-infections

in intensive care unit-hospitalized COVID-19 patients: conventional

culture vs BioFire FilmArray pneumonia Plus panel. J Microbiol Meth-
ods. 2021;186:106259.

22. Gastli N, Loubinoux J, Daragon M, et al. Multicentric evaluation of

BioFire FilmArray Pneumonia Panel for rapid bacteriological docu-

mentation of pneumonia. Clin Microbiol Infect. 2020;27(9):1308-1314.
23. Gilbert DN, Leggett JE, Wang L, et al. Enhanced detection of

community-acquired pneumonia pathogens with the BioFire® Pneu-

monia FilmArray® Panel. Diagn Microbiol Infect Dis. 2021;99(3):

115246.

24. Kolenda C, Ranc A-G, Boisset S, et al. Assessment of respiratory bac-

terial coinfections among severe acute respiratory syndrome coro-

navirus 2-positive patients hospitalized in intensive care units using

conventional culture and BioFire, FilmArray Pneumonia Panel Plus

Assay.Open Forum Infect Dis. 2020;7(11):ofaa484.
25. Kyriazopoulou E, Karageorgos A, Liaskou-Antoniou L, et al. BioFire®

FilmArray®Pneumonia Panel for severe lower respiratory tract infec-

tions: subgroup analysis of a randomized clinical trial. Infect Dis Ther.
2021;10(3):1437-1449.

26. Mitton B, Rule R, Said M. Laboratory evaluation of the BioFire Fil-

mArray Pneumonia Plus Panel compared to conventional methods for

the identification of bacteria in lower respiratory tract specimens: a

prospective cross-sectional study from South Africa. Diagn Microbiol
Infect Dis. 2021;99(2):115236.

https://orcid.org/0000-0003-1421-1426
https://orcid.org/0000-0003-1421-1426
https://orcid.org/0000-0001-7373-752X
https://orcid.org/0000-0001-7373-752X
https://orcid.org/0000-0002-6641-7170
https://orcid.org/0000-0002-6641-7170
https://orcid.org/0000-0003-2926-3608
https://orcid.org/0000-0003-2926-3608
https://orcid.org/0000-0001-8157-2753
https://orcid.org/0000-0001-8157-2753
https://orcid.org/0000-0001-9957-8571
https://orcid.org/0000-0001-9957-8571
https://orcid.org/0000-0002-9540-9022
https://orcid.org/0000-0002-9540-9022


KAYSER ET AL. 11 of 11

27. Monard C, Pehlivan J, Auger G, et al. Multicenter evaluation of a syn-

dromic rapid multiplex PCR test for early adaptation of antimicrobial

therapy in adult patients with pneumonia. Crit Care. 2020;24(1):434.
28. Rand KH, Beal SG, Cherabuddi K, et al. Performance of a semiquan-

titative multiplex bacterial and viral PCR panel compared with stan-

dard microbiological laboratory results: 396 patients studied with the

BioFire Pneumonia Panel.Open Forum Infect Dis. 2021;8(1):ofaa560.
29. Sparks R, Balgahom R, Janto C, Polkinghorne A, Branley J. Verification

of theBioFire FilmArrayPneumoniaPlusPanel for pathogen screening

of respiratory specimens. Pathology. 2021. https://doi.org/10.1016/j.
pathol.2021.02.017

30. Yoo IY,HuhK, ShimHJ, et al. Evaluationof theBioFire FilmArrayPneu-

monia Panel for rapid detection of respiratory bacterial pathogens and

antibiotic resistance genes in sputum and endotracheal aspirate spec-

imens. Int J Infect Dis. 2020;95:326-331.
31. Hoover J, Mintz MA, Deiter F, et al. Rapid molecular detection of

airway pathogens in lung transplant recipients. Transpl Infect Dis.
2021;23:e13579.

32. Drick N, Seeliger B, Greer M, et al. DNA-based testing in lung

transplant recipients with suspected non-viral lower respiratory

tract infection: a prospective observational study. Transpl Infect Dis.
2018;20(1):e12811.

33. Rademacher J, Suhling H, Greer M, et al. Safety and efficacy of outpa-

tient bronchoscopy in lung transplant recipients - a single centre anal-

ysis of 3,197 procedures. Transplant Res. 2014;3:11.
34. Schulze M, Nitsche A, Schweiger B, Biere B. Diagnostic approach

for the differentiation of the pandemic influenza A(H1N1)v virus

from recent human influenza viruses by real-time PCR. PLoS One.
2010;5(4):e9966.

35. Henke-Gendo C, Ganzenmueller T, Kluba J, Harste G, Raggub L, Heim

A. Improved quantitative PCR protocols for adenovirus and CMVwith

an internal inhibition control system and automated nucleic acid isola-

tion. J Med Virol. 2012;84(6):890-896.
36. McAdam AJ. Sensitivity and specificity or positive and neg-

ative percent agreement? A micro-comic strip. J Clin Microbiol.
2017;55(11):3153-3154.

37. Lee MK, Park KY, Jin T, Kim JH, Seo SJ. Rapid detection of Staphylo-

coccus aureus and methicillin-resistant S. aureus in atopic dermatitis

by using the BD Max StaphSR assay. Ann Lab Med. 2017;37(4):320-
322.

38. Hauser PM, Bille J, Lass-Flörl C, et al. Multicenter, prospective clinical

evaluation of respiratory samples fromsubjects at risk for Pneumocys-

tis jirovecii infection by use of a commercial real-time PCR assay. J Clin
Microbiol. 2011;49(5):1872-1878.

39. Schlischewsky E, Fuehner T, Warnecke G, et al. Clinical significance

of quantitative cytomegalovirus detection in bronchoalveolar lavage

fluid in lung transplant recipients. Transpl Infect Dis. 2013;15(1):60-69.
40. Coussement J, Lebeaux D, El Bizri N, et al. Nocardia polymerase chain

reaction (PCR)-based assay performed on bronchoalveolar lavage

fluid after lung transplantation: a prospective pilot study. PLoS One.
2019;14(2):e0211989.

41. Herve P, Silbert D, Cerrina J, Simonneau G, Dartevelle P. Impair-

ment of bronchial mucociliary clearance in long-term survivors of

heart/lung anddouble-lung transplantation. TheParis-SudLungTrans-

plant Group. Chest. 1993;103(1):59-63.
42. Creager HM, Cabrera B, Schnaubelt A, et al. Clinical evaluation of the

BioFire® Respiratory Panel 2.1 and detection of SARS-CoV-2. J Clin
Virol. 2020;129:104538.

43. Cherkaoui A, Emonet S, Ceroni D, et al. Development and validation

of a modified broad-range 16S rDNA PCR for diagnostic purposes in

clinical microbiology. J Microbiol Methods. 2009;79(2):227-231.
44. Mchugh ML. Interrater reliability: the kappa statistic. Biochem Med

(Zagreb). 2012;22(3):276-282.
45. deZwartAES, Riezebos-BrilmanA,Alffenaar J-WC, et al. Evaluation of

10 years of parainfluenza virus, humanmetapneumovirus, and respira-

tory syncytial virus infections in lung transplant recipients. Am J Trans-
plant. 2020;20(12):3529-3537.

46. Marrie TJ, Poulin-Costello M, Beecroft MD, Herman-Gnjidic Z, Etiol-

ogy of community-acquired pneumonia treated in an ambulatory set-

ting. Respir Med. 2005;99(1):60-65.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: KayserMZ, Seeliger B, Valtin C, et al.

Clinical decisionmaking is improved by BioFire Pneumonia

Plus in suspected lower respiratory tract infection after lung

transplantation: Results of the prospective DBATE-IT* study.

Transpl Infect Dis. 2022;24:e13725.

https://doi.org/10.1111/tid.13725

https://doi.org/10.1016/j.pathol.2021.02.017
https://doi.org/10.1016/j.pathol.2021.02.017
https://doi.org/10.1111/tid.13725

	Clinical decision making is improved by BioFire Pneumonia Plus in suspected lower respiratory tract infection after lung transplantation: Results of the prospective DBATE-IT* study
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Study design
	2.2 | Eligibility criteria
	2.3 | Study procedure
	2.4 | BioFire Pneumonia Plus PCR-assay
	2.5 | Conventional diagnostics
	2.6 | Outcome
	2.7 | Statistical analysis

	3 | RESULTS
	3.1 | Primary endpoint - time to test result and clinical decision
	3.2 | Pathogen detection
	3.3 | Antibiotic resistance markers
	3.4 | Positive and negative test agreement
	3.5 | Final diagnoses, hospitalizations, and diagnostic tools

	4 | DISCUSSION
	4.1 | Limitations

	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


