
Microbes and Infectious Diseases 2023; 4(2): 477-486 

Microbes and Infectious Diseases 

Journal homepage: https://mid.journals.ekb.eg/ 

   DOI:  10.21608/MID.2022.175277.1415 

* Corresponding author: Maha Ali Gad

 E-mail address: maha.gad@cu.edu.eg 

© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0  license https://creativecommons.org/licenses/by/4.0/.  

Original article 

Diagnostic role of FilmArray Pneumonia Panel compared to 

routine microbiological methods to identify pneumonia 

pathogens  

Maha A. Gad *1, Amani A. El-Kholy 1, Omnia M.A. Taher 2 
1- Department of Clinical and Chemical Pathology, Faculty of Medicine, Cairo University, Egypt. 

2- Department of Clinical and Chemical Pathology, Faculty of Medicine, Ain Shams University.  

Introduction 

Lower respiratory tract infections (LRTI) 

can be caused by a wide array of bacterial, viral, or 

fungal pathogens but due to similarities in the 

clinical presentation and symptomatology, it is not 

possible to distinguish viral from bacterial infections 

without the help of laboratory diagnostic techniques 

[1]. 

Rapid and accurate differentiation and 

identification of these pathogens is central to 

diagnostic clarity, targeted and timely therapy and 

implementation of infection control practices to 

limit transmission. However, current routine 
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A B S T R A C T 

Background: Lower respiratory tract infections can be caused by an array of pathogens. Rapid 

and accurate identification of these organisms is essential for selection of the appropriate 

antimicrobial regimen. Objectives: Identify microbiology of lower respiratory tract samples 

by the syndromic multiplex BioFire FilmArray Pneumonia Panel (FAPP) and correlate with 

the findings by routine microbiological methods. Methods: This study was conducted on 118 

non-repetitive respiratory samples, collected through March 2020 to February 2021 for 

isolation and identification of respiratory pathogens. Results: The FAPP yielded an overall 

positivity rate of (85/118; 72%). Compared to routine culture; the FAPP were concordantly 

positive for 37/118 (31.4%) of specimens, and discordant for 39/118 specimens (33%) with 

92.5% of positive percentage of agreement. The commonest bacterial pathogens detected by 

the two methods were Klebsiella pneumoniae, Pseudomonas aeruginosa. Of note, 

Acinetobacter and other bacterial pathogens were frequently detected by FAPP and not by 

culture, indicating colonization or contamination (false-positive results). False-negative FAPP 

results were Candida and bacterial pathogens not included in the FAPP panel, as Morganella. 

At the semi-quantification level, the concordance rate was 93.9% as out of forty- nine bacterial 

cultures with significant growth, 46 showed a higher semi-quantification of more than 105 

copies of DNA/ml by FAPP and (27/46; 58.7%) showed total agreement with target pathogens 

isolated by the culture too. Conclusion: BioFire FilmArray Pneumonia Panel (FAPP) was 

sensitive and detected more potential pneumonia pathogens than culture methods, but it should 

be interpreted cautiously. Semi- quantification of FAPP helped to understand pathogen 

significance and correlate with true pathogen. 
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diagnostic methods, as the microbiological culture 

and antimicrobial susceptibility testing (AST), do 

not produce results before 48–72 hours. 

Furthermore, culture methods sometimes fail to 

detect clinically important pathogens as atypical or 

fastidious bacteria due to prior empirical antibiotic 

treatment or stringent growth requirements [2]. 

Pneumonia guidelines now recommend 

that antibiotics be initiated as early as possible, 

based on evidence from several studies [3]. Some 

studies suggest that half of antibiotic prescriptions 

for acute respiratory conditions are unnecessary 

especially with viral infection. Rapid diagnostic 

testing for pneumonia has the potential to guide 

clinical decisions and reduce the use of antibiotics 

[4-6]. 

Molecular investigations have emerged as 

a diagnostic tool of choice for respiratory pathogens, 

particularly viruses due to its good sensitivity in 

detecting organisms that are difficult to isolate, less 

viable, or present in only small numbers [7]. 

However, prediction if the identified 

microorganisms by a molecular test are true 

pathogens or colonizing agents or contaminants in 

lower respiratory tract infection remains a challenge 

and needs more investigations [8]. 

Among molecular tests developed for the 

diagnosis of pneumonia caused by different 

respiratory pathogens the FilmArray Pneumonia 

and Pneumonia plus Panel (FAPP) which is a new 

multiplex molecular test for hospital-acquired 

pneumonia (HAP), which can rapidly within an hour 

detect 18 bacteria, 9 viruses, and 7 resistance genes 

(BioFire diagnostics LLC, Salt Lake City, UT, 

USA). Also, The Unyvero Hospitalised Pneumonia 

panel (Curetis GmbH, Holzgerlingen, Germany) 

another FDA approved and CE-marked test [9, 10]. 

Aim of the study 

The aim of this study was to detect the 

lower respiratory tract pathogens by FAPP and 

identify the diagnostic role of the FAPP qualitative 

and semi- quantitative results, compared to routine 

microbiological methods.     

Materials and methods 

Study design and setting 

This cross- sectional study was conducted at a 

tertiary care hospital in Egypt between March 2020 

to February 2021.  During the study period, an 

appropriate sample size was prospectively collected 

as we received 130 respiratory samples which 

ordered by physician to be tested by FAPP and 

routine microbiological culture simultaneously. We 

enrolled a total of 118 non-repeat sputa or 

endotracheal aspirate (ETA) samples as twelve 

samples were excluded due to bad specimen quality 

as they were diluted with saliva. The samples were 

collected from patients who were admitted to 

medical or surgical intensive care units and had 

hospital acquired pneumonia or ventilator 

associated pneumonia according to U.S Centers for 

Disease Control and Prevention case definition for 

pneumonia [11]. No samples were involved from 

patients with chronic lung diseases as cystic fibrosis 

or bronchiectasis or from patients who were not 

willing to provide a lower respiratory tract sample 

(by either sputum induction or endotracheal 

aspiration). Also, we didn’t involve respiratory 

samples when physician ordered either FAPP only 

or routine microbiological culture only from the 

provided respiratory sample. 

Sample collection of lower respiratory tract 

specimens  

Lower respiratory tract samples were collected from 

patients with suspected LRTI in intensive care unit 

(ICU), and immediately transported to the hospital 

laboratory. Morning samples with deep cough 

sputum into a sterile, leakproof, screw-cap container 

was preferred, antiseptic mouthwash was not 

recommended before obtaining the sample, and 

induction of cough by warmed aerosol saline was 

done especially when sputum was difficult to be 

obtained [12].  Sputa and ETA specimens were 

evaluated by Gram stain regarding the quality of 

specimen before culturing and testing by FAPP. 

Specimens with over 10 epithelial cells per low 

power field on conventional Gram stain were 

excluded and rejected [13, 14]. 

Routine microbiological methods 

An accepted lower respiratory tract sample was 

processed immediately (within 2 hours) when it 

delivered to the microbiology lab and evaluated 

according to standard laboratory procedures to 

identify respiratory pathogens [15].   Briefly, a direct 

Gram stain provided us with information about 

sample quality. 5% sheep blood agar, chocolate agar 

and MacConkey agar (Oxoid, United Kingdom) 

were used to inoculate samples with good quality 

and streak for semi-quantification. All the agar 

plates were incubated at 37°C for 24 hours. The 

plates were incubated for another one day before 

being reported as negative for growth.  
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As Webber et al. respiratory samples were streaked 

for isolation using the quadrant streak method, 

examined and interpreted according to standard 

laboratory procedures. The results were reported 

semi- quantitatively as the following criteria: rare if 

10 colonies or less in the first quadrant; few when 

greater than 10 colonies in the first quadrant; 

moderate if greater than 10 colonies and growth into 

the second quadrant; and heavy growth of colonies 

in the second quadrant up to growth into the third or 

fourth quadrant [5, 15]. 

Pathogens as Haemophilus influenzae (H. influenza) 

and Streptococcus pneumoniae (S. pneumoniae), 

were reported only if they were present in 

“Moderate” to “Heavy” quantities as they are part of 

respiratory microbiota. Cultures were reported as 

“upper respiratory flora” if mixed normal 

respiratory microbiota with absence of a significant 

respiratory tract pathogen. The culture plates were 

examined, the isolated pathogens were identified by 

Vitek2 automated system (BioMérieux, Marcy 

l’Etoile, France) which also provided us with the 

susceptibility profile. The antimicrobial 

susceptibility data were interpreted according to 

CLSI 30th edition M-100 2020 breakpoints [16]. 

BioFire FilmArray Pneumonia Panel 

The FAPP (BioFire diagnostics LLC, Salt Lake 

City, UT, USA) is a syndrome-specific multiplex 

PCR test with closed, pouch-based system. It 

required about 200UL of specimen, all steps are 

performed and provided results within 75 minutes. 

The panel allows the detection of fifteen typical 

bacteria, three atypical bacterial pathogens,  seven 

resistance genes (methicillin resistance (mecA/C and 

MREJ), carbapenemases (blaKPC, blaNDM, 

blaOXA-48-like, blaVIM and blaIMP) and 

extended-spectrum b-lactamases (ESBLs; blaCTX-

M) and eight viruses adenovirus, coronavirus 

(except severe acute respiratory syndrome 

coronavirus 2), human metapneumovirus, human 

rhinovirus/enterovirus, influenza viruses A and B, 

parainfluenza virus and respiratory syncytial virus. 

Results for the typical bacteria are reported semi-

quantitatively, providing estimates of the abundance 

of bacterial nucleic acids, with bins allowing the 

detection of approximately 104, 105, 106, or >=107 

copies/ml. The results of the antimicrobial 

resistance genes are reported qualitatively if the 

potential microorganism of the gene is also detected. 

We should consider that the detected resistance 

markers cannot be linked to the detected 

microorganisms. 

The FAPP panel testing method was done in 

accordance with the manufacturer’s instructions 

(BioFire diagnostics LLC, Salt Lake City, UT, 

USA) by transferring about 200 UL of the specimen 

to the sample injection vial. The sample mixed with 

the provided sample buffer. Then, this solution was 

loaded into a specific pouch, which in turn was 

loaded into the FilmArray instrument where nucleic 

acid extraction, multiplex PCR and 

postamplification analysis were performed. Each 

pouch included two process controls to be sure from 

the success of all steps before reporting the result. 

Data and statistical analysis 

Results from the routine microbiological analyses 

and FAPP were compared for the detection of 

typical respiratory bacterial pathogens and antibiotic 

resistance. The results were considered concordant, 

when both the FAPP and conventional methods 

were consistent regarding the detected pathogens. 

The discordant results were noticed if there were 

inconsistent between FAPP and the results of 

conventional methods.  

According to Mitton et al. specimens that only grew 

normal respiratory microbiota were considered 

culture negative. A true positive (TP) result means 

both methods detected the target organism or 

resistance mechanism. A true negative (TN) result 

means neither method detected the target organism 

nor resistance mechanism. A false positive (FP) 

result means the FAPP panel detected an organism 

or resistance mechanism when conventional 

methods did not. A false negative (FN) result means 

the FAPP panel did not detect the organism or 

resistance mechanism while conventional method 

did [17]. 

The identification of bacterial targets by the FAPP 

panel was compared to the routine microbiological 

culture to calculate positive percentage of agreement 

(PPA) and negative percentage of agreement (NPA); 

the PPA was calculated as (TP/(TP + FN)) and NPA 

as (TN/(TN +FP)). The positive predictive value 

(PPV) and the negative predictive value (NPV) were 

calculated as 100*(TP/(TP + FP)) and 100*(TN/(TN 

+FN)) respectively. The antibiotic resistance genes 

detected by the FAPP panel was compared to 

phenotypic methods as described above [2]. 

The FAPP results are expressed as DNA copies/mL, 

and the culture semi-quantitatively as mentioned 

above. Bacteria whose FAPP results were 104 DNA 

copies/mL, are only documented in the results, but 
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not compared with culture results, as usually they 

are not consistent with true pathogens [8, 18, 19]. 

Results 

Pathogen detection 

Of the 118 enrolled samples, culture and FAPP 

yielded positive results in 62 (52.5%) and 85 (72%), 

respectively. By culture, one pathogen was detected 

in 51 specimens, two pathogens were detected in 

eleven specimens and eleven samples showed 

growth of Candida.   

BioFire FilmArray Pneumonia Panel (FAPP) 

yielded one pathogen in 55 specimens (10 of them 

were viral), two pathogens in 19 specimens, three 

pathogens in 7 specimens, and four or more 

pathogens in 4 specimens. Of these, (75/85; 88.2%) 

specimens were positive for typical bacterial targets. 

Atypical bacterium (Legionella pneumophila) was 

detected in only one sample. For 37 specimens with 

concordant positive findings, the most frequently 

detected pathogens were K. pneumoniae (15/37; 

40.5%), P. aeruginosa in 6/37 results (16.2%). 

Table 1 demonstrates distribution of detected 

organisms by FAPP and routine microbiological 

methods. 

Among 118 samples, FAPP identified both viral and 

bacterial pathogens from 19 samples. The most 

common viruses detected by FAPP were influenza 

A (13/118; 11 %), rhinovirus/enterovirus (12/118; 

10.2%), and corona (5/118; 4.2%). FAPP identified 

only viral pathogens in 10 samples, influenza A was 

the most predominant of them followed by 

rhinovirus/enterovirus (60% and 50%, 

respectively). Also, seven samples showed 2 types 

of viruses. 

When we compared the findings of FAPP with 

routine microbiological culture method; we found 

that 37 samples’ findings were concordantly 

positive and 39 were concordantly negative with an 

overall accuracy (76/118; 64.4%) by FAPP among 

the tested samples. Some false-negative results were 

obtained with the FAPP. Three pathogens not 

included in the panel as Morganella, Providencia 

and Achromobacter. Moreover, Staph aureus, and 

P. aeruginosa were not identified in 3 specimens 

although covered by the FAPP panel.  

On the other side, FAPP identified false positive 

results in thirty-nine samples: A. baumanii in 15, K. 

pneumoniae in 11 and Staph aureus in 9 specimens. 

Fastidious organisms including S. pneumoniae, H. 

influenza and Moraxella represented (12/39, 30.8%) 

of the false positive results. 

Concordance between semi-quantification bin 

results and bacterial culture results 

The concordance between FAPP semi-

quantification results and positive bacterial culture 

results are shown in table (2). Among 49 cultures 

that exhibited significant bacterial counts (heavy 

and moderate), 41 (83.7%) showed more than 106 

copies/ml and 46 (94%) showed more than 105 

copies/ of bacterial nucleic acids using FAPP. In 

contrast FAPP identified pathogens in 10 6 

copies/ml or more while the results were deemed 

insignificant by culture in 4 samples (28.6%). 

Table 3 shows the correlations between negative 

culture or culture of normal respiratory microbiota, 

and FAPP results. Among culture negative samples, 

FAPP showed no detection in 10/17 (59%), while 

3/17 (17.6%) were detected at 10 6 copies/ml by 

FAPP. Among 55 negative and insignificant 

bacterial cultures, 9 were detected in 106 copies/ml 

or more by FAPP. Moreover, culture detected 

significant growth of Candida in 11 samples that are 

not included in FAPP. 

Detection of antimicrobial resistance genes 

The genes detected by FAPP were expressed 

phenotypically in 47 out of 70 samples (67.1 %). 

The overall positive agreement is 94.8% and the 

overall negative agreement is 32.3%. The most 

frequently detected resistance genes were CTX-M in 

46 samples and NDM genes in 37 specimens 

followed by OXA-48 in 27 specimens and mecA/C 

and MREJ among 13 specimens.  

By FAPP false negative results were obtained in 2 

samples. Twenty- one false positive results were 

obtained by FAPP. 
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Table 1. Bacteria identified using the FilmArray Pneumonia Panel and culture-based methods. 

Bacteria isolates No. of concordant 

bacteria isolates 

detected by the two 

methods* 

No. of bacteria detected 

by FAPP only (false 

positive) 

No. of bacteria detected 

by culture only (false 

negative) 

A. baumannii complex 4 15 0 

E. cloacae 3 2 0 

E. coli 4 7 0 

H. influenza 2 7 0 

K. pneumoniae 15 11 0 

K. oxytoca 0 1 0 

M. catarrhalis 0 4 0 

Proteus spp. 1 1 0 

P. aeruginosa 6 9 1 

S. marcescens 0 4 0 

S. aureus 4 9 2 

S. agalactiae 1 2 0 

S. pneumoniae 5 7 0 

Provedentia 0 0 2 

Achromatobacter 0 0 1 

Morganella 0 0 2 

Atypical bacteria 

C. pneumoniae 0 0 0 

L. pneumophila 0 1 0 

M. pneumoniae 0 0 0 

*Concordant results as isolates identified by both FAPP and routine microbiological culture method.

Table 2. Concordance between FAPP semi-quantification and positive bacterial culture results. 

The numbers indicate the distribution of samples according to FAPP results for bacterial copies/ml in correlation with culture results. 

Culture result FilmArray Pneumonia panel copy/ml 

Not detected 104 105 106 107 total 

Significant growth: 

Moderate 1 2 3 10 18 34 

Heavy 0 0 2 2 11 15 

Total significant 1 2 5 12 29 49 

No Significant growth: 

Rare 1 2 1 0 0 4 

Few 0 3 3 1 3 10 

Total insignificant 1 5 4 1 3 14 
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Table 3. Correlation of FAPP semi-quantification and negative bacterial culture results. 

Culture result FilmArray Pneumonia panel copy/ml 

Not detected 104 105 106 107 total 

No growth 10 2 2 3 - 17 

Mixed respiratory flora 14 3 4 1 5 27 

Significant Candida 7 2 2 - - 11 

Total 31 7 8 4 5 55 

The numbers indicate the distribution of samples according to FAPP results for bacterial copies/ml in correlation with culture results. 

Table 4. Comparison between the FAPP and culture-based methods for detection of antimicrobial resistance. 

Resistance by 

phenotypic method 

No.  of Sample 

 FAPP+/CM +  FAPP+/CM -       FAPP-/CM +  FAPP-

/CM - 

PPA NPA 

MRSA (6)       4 9 2 55 66.7% 85.9% 

ESBL Producer (6)       6 8 0 56 100% 87.5% 

CR (27)      27 4 0 39 100% 90.7% 

FAPP:  FilmArray Pneumonia Panel; CM: culture-based methods (culture methods and antimicrobial susceptibility testing); MRSA 
methicillin-resistant Staphylococcus aueus; ESBL: extended-spectrum β-lactamase; CR: carbapenem resistant; PPA:  positive percent 

agreement; NPA:  negative percent agreement. 

MRSA was detected as mecA/mecC and MREJ genes using the FAPP. 
ESBL producers were detected as CTX-M genes using the FAPP. 

CR producers were detected as blaKPC, blaNDM, blaOXA-48-like, blaVIM and blaIMP genes using the FAPP. 

Discussion 

  To our knowledge, evaluation of the 

FAPP in Egypt was done in very limited studies as 

the recent study conducted by Kamel et al. [20]. We 

used sputa and ETA which are more readily 

available respiratory samples. In both studies, Gram 

negative bacteria dominated the pathogens, and 

viruses showed low prevalence. Our study showed 

discordance between FAPP and culture methods in 

detection of bacterial types and antimicrobial 

resistance. 

  Klebsiella pneumoniae, and P. 

aeruginosa were the most common organisms 

detected at a prevalence of 40.5%, and 16.2%, 

respectively by both culture and FAPP. The high 

prevalence of Gram-negative bacilli is in 

concordance with the reports from other studies 

either worldwide [21, 22] or from Egypt [23- 25]. 

  The study revealed that FAPP rapidly and 

effectively detected a variety of pathogens in the 

lower respiratory tract specimens with more 

bacterial targets than the culture method [19, 26, 

27]. The overall accuracy of FAPP was 64.4%. The 

low positive predictive value and low negative 

percentage of agreement (47.7% and 50% 

respectively) than other studies could be explained 

by the using sputa or ETA samples which contain 

higher bacterial load and diversity of microbiota 

[19]. 

  Negative predictive value was 92.9% and 

positive percentage of agreement was 92.5%. These 

findings are generally in keeping with other studies 

that evaluated PPAs of the FAPP as 90.0-98.4% [2, 

5, 8, 13, 19]. 

 There was high false positive results by 

FAPP (39/118; 33.1%), which reduced the 

specificity and PPV of the assay. In accordance, 

Faron et al. who reported high false positive results 
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(52.9%) [28]. This could be explained by the high 

sensitivity of the assay compared to culture methods 

in detection of fastidious organisms, organisms 

present at low counts, and non-viable genomic 

material in respiratory specimens [17, 29, 30]. 

  FAPP outperformed the routine culture in 

detection of fastidious organisms. In seven samples, 

fastidious pathogens were identified by both 

methods (6%). FAPP identified fastidious 

pathogens in (21/118; 17.8%) specimens, of which 

culture either identified other pathogens among 4 

samples of 21 (19%), or revealed normal respiratory 

microbiota in 10 samples (47.6%).  So, the 

distinction between the actual pathogens and 

respiratory microbiota is a challenge by FAPP only 

and correlation with culture results is mandatory.  

  Viruses are important LRTI pathogens. 

As ten samples yielded viral aetiology only (8.5%), 

while 19 (16.1%) samples co-detected 

virus/bacterial pathogen combinations. This is in 

concordance with other studies highlighting the role 

of viruses in LRTI [18, 19, 26, 27]. Results of FAPP 

should be interpreted in the context of clinical 

picture, culture results, biomarkers and 

procalcitonin to differentiate between colonizing 

and infectious agents [18, 19, 31]. 

  Regarding the using of bin results of 

FAPP to detect pathogen; we found 49 cultures that 

exhibited significant growth (heavy and moderate) 

by routine culture, of which 41 (83.7%) showed 

more than 106 copies/ml of bacterial nucleic acids 

using FAPP as mentioned in table (2). Pathogens 

missed by culture could be explained by their low 

counts or poor growth in routine culture, or false 

high quantitation by FAPP [8, 13, 18, 30]. 

  FAPP identified the resistance genes with 

relatively good correlation with the culture-based 

antibiotic susceptibility in 67.1% of tested samples. 

The overall positive and negative percent agreement 

was 94.9% and 32.3%, respectively. So, it is 

important to obtain full susceptibilities of the 

identified target pathogens by culture and 

discriminate from nonviable, colonizers or normal 

respiratory microbiota. 

  Twenty- one samples showed discordance 

between antibiotic resistance genes identified by 

FAPP and negative by culture-based method. 

Among the samples with false positive resistance 

genes, mixed respiratory microbiota were detected 

in (14/21; 66.7%).    In the remaining seven samples, 

the resistance genes could be genomic material of 

nonviable bacteria, or from bacteria in too low 

numbers to grow in culture. Similar results were 

reported by Gastli et al. as Genes of blaCTX-M, and 

mecA/C and MREJ were detected as discordant 

results with routine antimicrobial susceptibility 

testing [2]. It was not unexpected to detect also false 

negative resistant results as MRSA; study of 

Buchan et al. observed similar findings due to 

divergent sequences within the MREJ region 

targeted by the FAPP [19]. 

Limitation of the study 

Limitations of this study include the lack of 

a “gold-standard” reference method to clarify the 

discrepant results between FAPP and conventional 

culture method. We used PPA and NPA to facilitate 

the findings comparison by both techniques. FAPP 

performance regarding virus detection could not be 

analyzed as no comparable methods in our 

laboratory were available. The presence of one of 

the resistance genes which included in the panel of 

FAPP not synonymous with resistance to the 

corresponding antibiotic and vice versa; so it is 

important to obtain full susceptibilities of the 

identified target pathogens by culture and 

discriminate from colonizers or normal respiratory 

microbiota. 

Conclusion 

This study had the strength of evaluating 

the FAPP panel in a real world setting with good 

quality actual patients’ respiratory specimens. FAPP 

has an advantage over conventional culture methods 

which is a significant improvement in the 

turnaround time. This will reflect on effective 

implications for antimicrobial stewardship and 

infection prevention and control. It is one of the 

syndromic panels that have been embraced by 

clinicians due to the broad number of targets, many 

of which not easy to be done routinely. But its 

implementation is not without challenges as the 

fastidious pathogens could represent colonization as 

opposed to infection. Also, it is difficult to link 

antibiotic resistance genes to a specific organism. 

Therefore, the FAPP results need to be used in 

conjunction with clinical correlation and culture 

results. 
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