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Abstract
Early sepsis diagnosis is crucial for implementing adequate antibiotic therapy and for patient survival. This study investigated 
whether using multiplexed PCR for detecting microorganisms in critical septic patients affects initial antibiotic treatment 
and compared it to microbiological culture. It also explored scenarios where PCR is more effective in clinical practice. One 
hundred nineteen specimens (83 blood and 36 respiratory specimens) belonging to 93 patients were analyzed. Multiplexed 
PCR determinations were performed using the FA-BCID Panel (bioMérieux) for blood samples and the FA-Pneumo for 
respiratory samples. The mean turnaround times were 1.7 h for the FA-BCID and 1.5h for the FA-Pneumo. Conversely, they 
were 96.1 h for blood cultures and 72.3 h for respiratory cultures. FA-BCID showed a mean sensitivity of 97% and specificity 
of 100%. FA-Pneumo showed a sensitivity of 100% and specificity of 90%. However, the positive predictive value was only 
39%. Discrepancies were common in polymicrobial samples. Based on the PCR results, initial empirical treatment should 
have been changed in 71% of patients with bloodstream infections and 61% with respiratory infections. We conclude that 
multiplexed PCR improves the response time in identifying germs with a high degree of coincidence for blood cultures and 
moderate for respiratory cultures. These results highlight the importance of PCR in choosing an appropriate antibiotic therapy.

Introduction

Sepsis is a life-threatening condition in which the organ-
ism's response to infection leads to organ dysfunction [1]. 
It is a common reason for Intensive Care Unit (ICU) admis-
sion, and critically ill patients are at an increased risk of 

healthcare-associated infections with high mortality rates 
[2]. Early diagnosis, life support measures, and antibiotic 
therapy can improve the prognosis [3]. However, identify-
ing the causative organism can be challenging, as it usually 
relies on microbiological cultures that may take time. Delays 
in the prescription of antibiotics can increase mortality in 
patients with sepsis, but inadequate administration of anti-
biotics can worsen the outcome [4–6]. Indeed, international 
guidelines support the initial use of empirical broad-spec-
trum antibiotics in patients at higher risk of complications 
or death to avoid treatment failures, potentially leading to 
unnecessary treatments and associated risks [7–9].

To address these challenges, rapid diagnostic tests that 
identify the germs causing the infection are crucial for opti-
mal sepsis control [10]. Nucleic acid amplification methods, 
such as multiplexed polymerase chain reaction (PCR), have 
shown high diagnostic efficacy [11] and can reduce the time 
to detect some antibiotic resistance mechanisms [12, 13]. 
These methods can optimize the initial antibiotic treatment, 
reducing broad-spectrum antibiotic use and associated risks 
[14, 15]. However, they have limitations, such as false nega-
tives and positives.
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The main objective of this study was to investigate 
whether introducing the multiplexed PCR technique for 
early detection of microorganisms in critical septic patients 
leads to changes in the initial empirical antibiotic therapy 
recommended by the Intensive Medicine Department guide-
lines at our hospital. Additionally, we aimed to compare the 
identification of germs using the multiplexed PCR technique 
and microbiological culture in blood and respiratory samples 
from critical septic patients with bacteremia or pneumonia 
who required mechanical ventilation. We also analyzed the 
scenarios in which the multiplexed PCR technique may be 
more effective in clinical practice.

Methods

Participants and Study Design

We conducted a retrospective observational study in the 
medical-surgical ICU of the Hospital Universitari de Sant 
Joan de Reus between January 2021 and July 2022. We 
included 93 consecutively admitted patients who had bacte-
remia (n = 66) or suspected ventilation-associated pneumo-
nia (VAP, n = 27) and underwent diagnostic tests to identify 
germs using microbiological cultures and multiplexed PCR, 
per the discretion of the responsible physician. Initially, we 
conducted an analytical validation study to assess the per-
formance and accuracy of multiplexed PCR methods in 119 
samples, comprising 83 blood samples and 36 respiratory 
tract samples. Some patients provided more than one sample 

for analysis. Subsequently, our focus shifted to investigating 
the clinical relevance of the PCR results in patient man-
agement. Six blood samples were omitted from the study 
due to contamination issues, resulting in the final analysis 
being conducted on 77 blood samples and 36 respiratory 
tract samples, totaling 113 samples (Fig. 1). Patients with 
limited therapeutic support were excluded based on medical 
judgment. The ICU in which this study was conducted only 
accepts adult patients, since children are cared for in their 
own pediatric ICU. As a result, all participants were over 
18 years of age. VAP was defined as a new or progressive 
infiltrate on chest radiographic imaging, in addition to two 
or more indices including fever, purulent respiratory secre-
tions, abnormal routine cell count, or decline in oxygenation, 
according to the criteria of the Infectious Diseases Society 
of America [16]. We considered the use of antimicrobials 
for up to five days before obtaining samples for microbi-
ological cultures and PCR as previous antibiotic therapy. 
Respiratory samples obtained through tracheal aspirate (TA, 
n = 28) or bronchoalveolar lavage (BAL, n = 8) and positive 
blood cultures showing potentially pathogenic germs during 
incubation were analyzed by multiplexed PCR and by using 
conventional methods.

Bacteremia was defined as the presence of potentially 
pathogenic bacteria in the bloodstream. Fast-growing 
staphylococci are more frequently associated with true bac-
teremia. We considered fast-growing staphylococci those 
detected in less than 8 h by the automated detection system 
BacT/ALERT 3D (bioMérieux SA, Marcy-L’Étoile, France). 
In any case, microorganisms of the skin microbiota or 

Fig. 1  Flowchart detailing the 
number of patients and samples 
included in the study
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ambient air, such as coagulase-negative staphylococci, Pro-
pionibacterium, Micrococcus, Corynebacterium, and Bacil-
lus, among others, were excluded from the clinical study 
after a careful analysis of the clinical characteristics of the 
patient. To diagnose VAP from a microbial point of view, 
bacterial counts equal to or greater than  106 cfu/mL in TA 
and equal to or greater than  104 cfu/mL in BAL were used as 
the cutoff point, following the recommendations of the Span-
ish Society of Infectious Diseases and Clinical Microbiology 
[17]. We only accepted respiratory samples from the lower 
respiratory tract when they met specific criteria, including 
the presence of leukocytes and the absence of squamous 
epithelial cells. The samples were carefully examined under 
a low magnification (100X) microscope, analyzing 20 to 40 
fields with more than 25 leukocytes per field and less than 
ten squamous epithelial cells per field [18]. Lower respira-
tory tract samples were assessed for the presence of leuko-
cytes and the absence of squamous epithelial cells.

We used a MALDI-TOF VITEK MS System mass spec-
trometer (bioMérieux) to identify the bacterial strains. This 
method employs matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry technology to iden-
tify bacterial strains based on their unique protein profiles. 
The identification process involves mixing a bacterial strain 
sample with a matrix solution on a target plate. This plate 
is then inserted into the VITEK MS instrument, where a 
laser ionizes the sample molecules, generating a spectrum 
of ions that are accelerated through a light tube. The time 
these ions take to reach the detector is measured, producing 
a mass spectrum or protein profile for the bacterium. This 
protein profile is subsequently compared against an exten-
sive database containing profiles of known microorganisms, 
enabling rapid identification of the bacterial strain. Unlike 
some methods that use a predefined cutoff value, the VITEK 
MS system provides a "confidence level" for each identifi-
cation result. The confidence level is categorized as high, 
medium, or low, represented by different symbols or colors 
(green, orange, or red, respectively). A high confidence level 
indicates that the identified protein profile matches with 
99.9% concordance to a microorganism listed in the data-
base. In the case of an intermediate level of confidence, the 
protein profile may correspond to several different organisms 
(up to three), requiring the expertise of a microbiologist to 
make a final determination, often supplemented by addi-
tional complementary tests. Finally, a low confidence level 
implies that the system cannot provide any specific identi-
fication for the bacterial strain. Additionally, the antibiotic 
sensitivity of the identified strains was determined using the 
automated VITEK 2 MS System (bioMérieux) and strip dif-
fusion methods (Etest®, bioMérieux) according to criteria 
from the European Committee on Antimicrobial Suscepti-
bility Testing (EUCAST) [19]. This method allowed for the 
determination of which antibiotics would be most effective 

in treating the infection caused by the identified bacterial 
strains. The antibiotic sensitivity profile of the identified 
bacterial strains was assessed by determining the minimum 
inhibitory concentrations (MIC).

Multiplexed PCR determinations in blood cultures were 
performed using the BioFire Filmarray Blood Culture Iden-
tification Panel (FA-BCID, bioMérieux). This system detects 
nucleic acids of 27 pathogens commonly associated with 
bacteremia. We used the BioFire Filmarray Pneumonia 
Panel (FA-Pneumo, bioMérieux) for respiratory samples. 
This system targets 24 pathogens and 10 antibiotic resistance 
profiles, comprehensively analyzing the bacterial strains in 
the respiratory samples, including any antibiotic-resistant 
strains. The bacterial loads obtained from these tests were 
expressed in the number of copies/mL, ranging from  104 
to >  107 copies/mL.

In patients with suspected bacteremia, the administra-
tion of antibiotics was usually initiated empirically before or 
simultaneously with the FA-BCID test, and prior to the con-
firmation by blood cultures. Similarly, antibiotic treatment 
may have been initiated in patients with suspected pneu-
monia before the concurrent collection of microbiological 
culture and FA-Pneumo samples. The attending physician 
subsequently determined whether to discontinue or modify 
ongoing antibiotic therapy or to initiate empirical treatment 
based on the updated protocol of the hospital's ICU follow-
ing receipt of the PCR test results. After receiving the final 
report of the microbiological culture and corresponding anti-
biogram, the attending physician made appropriate adjust-
ments to the antibiotic therapy.

Data Analyses

We compared the average time of results between the molec-
ular method and conventional microbiological culture, which 
included antibiotic resistance testing. We assessed the sen-
sitivity, specificity, positive (PPV) and negative predictive 
values (NPV), and κ index of the FA-BCID and FA-Pneumo 
tests by using the bacterial culture as the gold standard.

For respiratory samples, we compared FA-Pneumo with 
the microbiological culture to classify the results as com-
pletely concordant (when both tests detect the same patho-
gens or lack thereof), partially concordant (when both tests 
detect the same pathogen, but one detects an additional path-
ogen not found in the other test), or non-concordant (when 
the pathogen detected by one test differs from the other). 
Our team, composed of experts in critical patient infections 
and microbiologists analyzed each case individually, along 
with analytical, radiographic, and microbiological results. 
We evaluated whether empirical or PCR-guided antibiotic 
therapy was appropriate based on the pathogens isolated in 
microbiological cultures, according to the antibiogram. We 
assessed any changes in the antimicrobial treatment regimen 
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after knowing the PCR test result. Antibiotic therapy modi-
fications were classified as de-escalation (substitution by 
an adequate antibiotic with a smaller spectrum), initiation, 
withdrawal, or escalation (introduction of an effective anti-
biotic against bacteria causing an infection that was not 
adequately treated before knowing the results of molecular 
detection), using criteria established by Weiss et al. [20].

We assessed the diagnostic efficacy of procalcitonin, 
C-reactive protein, leukocytes, neutrophils, lymphocytes, 
D-dimer, and lactate as biomarkers of inflammation in 
VAP by measuring their levels using pre-established 
thresholds indicative of potentially pathogenic microbial 
growth. Patient data were extracted from medical records 
and anonymized before statistical analysis using Microsoft 
Excel (Microsoft, Redmond, WA, USA) software. We used 
GraphPad Prism 9 (Dotmatics Bishop's Stortford, UK) for 
all analyses. Categorical variables were shown as absolute 
numbers and percentages and compared by the χ-square test. 
Continuous variables were shown as medians and interquar-
tile ranges and compared by the Mann–Whitney U test.

Biochemical and Hematological Analyses

We measured serum procalcitonin concentrations by an 
Elecsys cobas® e411 analyzer (Hoffmann-La Roche, Basel, 
Switzerland), C-reactive protein by a cobas® 8000 modu-
lar analyzer (Hoffman-La Roche), plasma lactate, with a 
RAPIDPoint 500 system analyzer (Siemens Healthlineers, 
Erlangen, Germany), and hematological parameters by a 
Sysmex XN analyzer (Sysmex Corporation, Kobe, Japan).

Ethical Aspects

The study was approved by the Comitè d'Ètica i Investi-
gació en Medicaments (Institutional Review Board) of the 
Institut d'Investigació Sanitària Pere Virgili (Ref. 180/2022). 
The requirement to obtain written informed consent from 
patients was waived.

Results

Demographic Characteristics

The mean age of the patient cohort was 65 years, with a 
majority of 73.9% being male. Among the patients subjected 
to blood sample analysis, the most prevailing comorbidi-
ties were urinary tract infection, ventilator-associated pneu-
monia, and central line-associated bloodstream infection. 
Conversely, coronavirus infection emerged as the dominant 
condition in patients whose respiratory tract samples were 
analyzed (Table 1).

Analytical Validation: Turnaround Time 
and Pathogen Detection

The mean turnaround time for the FA-BCID panel was 
1.7 h (min–max: 1.1–5.0 h), and that of the FA-Pneumo 
panel was 1.5 h (min–max: 0.7–3.3 h). The mean turna-
round time for conventional microbiological methods was 
96.1 h (min–max: 24.6–172.6 h) for blood cultures and 
72.3 h (min–max: 22.1–187.7 h) for cultures of respira-
tory samples.

The performance of FA-BCID and FA-Pneumo pan-
els concerning each pathogen is shown in Tables 2 and 3, 
respectively. FA-BCID showed a sensitivity of 97% (95% 
confidence interval 90–99%) and specificity of 100% 
(95% confidence interval 99–100%). The sensitivity for 
each of the pathogens was 100% except for Staphylococ-
cus aureus  (85%, 2/13 cases detected only by culture) 
and  Escherichia coli  (96%, 1/23 patients seen only by 
culture). The most prevalent pathogens were E. coli (23 
patients), Pseudomonas aeruginosa (11 cases), S. aureus (13 
patients), and Coagulase-Negative  Staphylococcus  (9 
patients). The FA-Pneumo detected at least one pathogen 
in 31 of the 36 tested specimens, yielding a positivity rate 
of 86.1%. This panel showed a sensitivity of 100% (95% 
confidence interval 86–100%) and specificity of 90% (95% 
confidence interval 89–94%) but an overall PPV of 39% 
(95% confidence interval 29–51%). For example, all cases 
of Enterobacter cloacae were detected by FA-Pneumo but 
not by culture methods (n = 6). The most prevalent bacteria 
were S. aureus (n = 13 on both FA-Pneumo and culture), fol-
lowed by Haemophilus influenzae (n = 4 on both FA-Pneumo 
and culture and n = 3 only by FA-Pneumo), E. coli (n = 5 on 
both FA-Pneumo and culture and n = 2 only by FA-Pneumo) 
and P. aeruginosa (n = 6 on both FA-Pneumo and culture). 
No microorganism present in the panel was detected only 
by culture.

Discrepancies between FA-Pneumo and culture results 
are shown in more detail in Table 4. These methods yielded 
a non-concordant, partially concordant, and completely con-
cordant result in 13.9% (5/36), 30.5% (11/36), and 55.6% 
(20/36) of the analyzed samples, respectively. Polymicro-
bial samples were those with a higher degree of discrep-
ancy, being mostly non-concordant or partially concordant 
(P < 0.001). We observed no significant differences regard-
ing the sample type (TA or BAL) or pathogen load.

Most cases (about 42%) detected by culture in the pres-
ence of a positive FA-Pneumo panel were characterized by 
high bacterial loads (>  107 copies/ mL) (Table 5). Six cases 
(11.5%) not detected by the FA-Pneumo panel showed a 
microbial culture with bacterial loads ranging between  104 
and  106 cfu/mL (Table 5).

The FA-BCID test detected eight cases with the anti-
biotic resistance gene mecA/C and two with blaCTX-M, 
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agreeing with the antibiotic susceptibility testing results 
(Table 6). FA-Pneumo identified no antimicrobial resist-
ance gene.

Clinical Study: The Potential Impact of FA‑BCID 
and FA‑Pneumo on Treatment

Based on the results of FA-BCID, initial empirical treat-
ment should have been changed in 55/77 (71.4%) of these 
cases, with antibiotic de-escalation in 42/55 (76.4%) and 
antibiotic escalation in 13/55 (23.6%) (Table 7).

A total of 36 cases had clinically suspected pneumonia, 
according to the retrospective chart review. Most patients 
(88.9%) received an antibiotic when the FA-Pneumo was 
performed. Only 2 cases had their treatment modified, 
but it should have to be done in most patients: 14 (63.6%) 
with antibiotic de-escalation, 2 (9.1%) with antibiotic 
escalation, and 6 (27.3%) with antibiotic stop (Table 7).

Biochemical Parameters in Respiratory Infections 
for the Detection of a Clinically Relevant Bacterial 
Infection

Finally, we wanted to know if, in patients with pneumonia, 
some analytical parameters could help us to predict signifi-
cant bacterial load in culture. However, we could only note 
that a lower number of lymphocytes correlated with a bacte-
rial load >  105 cfu/mL (P = 0.04) (Fig. 2).

Discussion

The current investigation examines the application of multi-
plexed PCR-based panels for the early detection of microor-
ganisms in critically ill septic patients in the ICU of Hospital 
Universitari de Sant Joan de Reus. We studied 93 subjects 
in whom 83 molecular panels of FA-BCID and 36 panels 
of FA-Pneumo were taken in blood and respiratory culture 

Table 1  Demographic features and clinical characteristics

* FA-BCID Filmarray and FA-Pneumo Filmarrays were performed in the same patient

Characteristic FA-BCID (n = 66) FA-Pneumo (n = 27) All patients (n = 93)

Age (years) 66 (58–74) 63 (49–70) 65 (54–73)
Sex
 Men 47 (71.2) 21 (80.8) 68 (73.9)
 Women 19 (28.8) 5 (19.2) 24 (26.1)
 SAPS II 33.0 (26.8–47.8) 30.0 (16.5–38.0) 33.0 (25.0–45.0)
 APACHE II 15.0 (10.0–19.0) 13.0 (7.8–18.0) 15.0 (9.3–18.0)

Underlying disease
 Coronavirus 0 20 (74.1) 20 (21.5)
 Urinary tract infection 13 (19.47) 0 13 (14.0)
 Ventilator-associated pneumonia (VAP) 12 (18.2) 0 12 (13)
 Central line-associated bloodstream infection 10 (15.2) 0 10 (12.9)
 Pneumonia 5 (7.6) 2 (7.4) 7 (7.5)
 Primary bacteriemia 6 (9.1) 0 6 (6.5)
 Hospital-acquired infection 4 (6.1) 0 4 (4.3)
 Heart failure 2 (3.0)* 2 (7.4)* 4 (4.3)
 Pneumonia in an immunosuppressed patient 2 (3.0) 1 (3.7) 3 (3.1)
 Cholangitis 3 (4.5) 0 3 (3.1)
 Cholecystitis 2 (3.0) 0 3 (3.1)
 Endocarditis 2 (3.0) 0 2 (2.1)
 Hypoxemic respiratory failure 0 2 (7.4) 2 (2.1)
 Peritonitis 1 (1.5) 0 1 (1.0)
 Oral abscess 1 (1.5) 0 1 (1.0)
 Early nasal intermittent positive pressure ventilation 

(NIPPV)
1 (1.5) 0 1 (1.0)

 Meningitis 1 (1.5) 0 1 (1.0)
 Osteomyelitis 1 (1.5) 0 1 (1.0)
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Table 2  Performance of the FA-BCID panel relative to conventional culture*

* Five cases with pathogen growth in the blood culture were not considered as there was not a specific target in the Filmarray. The microorgan-
isms detected were: Prevotella buccae, Clostridium perfringens, Prevotella bivia, Moraxella catarrhalis, and Phocaeicola vulgatus. Sensitivity, 
specificity, PPV, and NPV, were calculated by comparing the results for conventional culture with those of FilmArray only for bacterial patho-
gens present in the molecular panel. Performance was measured considering bacterial culture as the gold standard reference method
FA-BCID BioFire Filmarray Blood Culture Identification Panel; NPV Negative predictive value; PPV Positive predictive value

Bacterial 
pathogen

FA-
BCID+ and 
culture+ 

FA-
BCID+ and 
culture−

FA-BCID− 
and culture+ 

FA-BCID− 
and culture−

Sensitivity 
(95% CI)

Specificity 
(95% CI)

PPV (95% CI) NPV (95% CI) Kappa 
coef-
ficient

Enterococ-
cus sp

7 0 0 76 1.00
(0.56–1.00)

1.00
(0.94–1.00)

1.00
(0.56–1.00)

1.00
(0.94–1.00)

1.00

Listeria Mono-
cystogenes

0 0 0 83 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Coagulase-
Negative 
Staphylococ-
cus (CNS)

9 0 0 74 1.00
(0.63–1.00)

1.00
(0.94–1.00)

1.00
(0.63–1.00)

1.00
(0.94–1.00)

1.00

Staphylococcus 
aureus

11 0 2 70 0.85
(0.54–0.97)

1.00
(0.94–1.00)

1.00
(0.68–1.00)

0.97
(0.89–1.00)

0.90

Streptococ-
cus sp

4 0 0 79 1.00
(0.40–1.00)

1.00
(0.94–1.00)

1.00
(0.40–1.00)

1.00
(0.94–1.00)

1.00

Streptococcus 
agalactiae

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Streptococcus 
pyogenes

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Streptococcus 
pneumoniae

1 0 0 82 1.00
(0.05–1.00)

1.00
(0.94–1.00)

1.00
(0.05–1.00)

1.00
(0.94–1.00)

1.00

Acinetobacter 
baumanii

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Haemophilus 
influenzae

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Neisseria men-
ingitiditis

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Pseudomonas 
aeruginosa

11 0 0 72 1.00
(0.68–1.00)

1.00
(0.94–1.00)

1.00
(0.68–1.00)

1.00
(0.94–1.00)

1.00

Enterobacter 
cloacae

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Escherichia 
coli

22 0 1 60 0.96
(0.76–0.99)

1.00
(0.93–1.00)

1.00
(0.82–1.00)

0.98
(0.90–1.00)

0.97

Klebsiella 
oxytoca

2 0 0 81 1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00

Klebsiella 
pneumoniae

8 0 0 75 1.00
(0.6–1.00)

1.00
(0.94–1.00)

1.00
(0.6–1.00)

1.00
(0.94–1.00)

1.00

Proteus sp 2 0 0 81 1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00

Serratia marc-
escens

4 0 0 79 1.00
(0.40–1.00)

1.00
(0.94–1.00)

1.00
(0.40–1.00)

1.00
(0.94–1.00)

1.00

Candida albi-
cans

2 0 0 81 1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00
(0.2–1.00)

1.00
(0.94–1.00)

1.00

Candida 
glabrata

1 0 0 82 1.00
(0.05–1.00)

1.00
(0.94–1.00)

1.00
(0.05–1.00)

1.00
(0.94–1.00)

1.00

Candida krusei 0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Candida parap-
silosis

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Candida tropi-
calis

0 0 0 83 – 1.00
(0.94–1.00)

– 1.00
(0.94–1.00)

–

Total 84 0 3 1822 0.97
(0.90–0.99)

1.00
(0.99–1.00)

1.00
(0.95–1.00)

1.00
(0.99–1.00)

0.98
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samples respectively. To assess the diagnostic performance 
of these methods, we compared them with traditional micro-
biological cultures. Additionally, we analyzed the impact of 
these results on clinical outcomes, particularly concerning 
antibiotic therapy, and we discuss its applicability in daily 
clinical practice.

Our study shows that, as expected, PCR provided results 
much faster than microbiological culture and antibiogram 
analysis. This faster detection time is particularly signifi-
cant given that the microbiology laboratory at our hospital 
operates during restricted hours and only on working days. 
Despite these time limitations, PCR was available without 
any restrictions, with an average delay of fewer than 2 h 
from test completion to receiving results due to laboratory 
programming settings. Therefore, the time to obtain results 
was considerably shortened, faster than studies conducted 
with other PCR platforms [12, 21] but comparable to that 
obtained by other authors in patients with bacteremia 

[13] or respiratory infections [22] working with the same 
PCR manufacturer. In some cases, the response time was 
lengthened, reaching up to 5h for the FA-BCID panel and 
3.3h for the FA-Pneumo panel, but this can be explained 
because our study was carried out in the challenging con-
text of the COVID-19 pandemic, with an abnormally high 
workload in the Microbiology Laboratory.

We found a high degree of concordance in microorgan-
ism classification when comparing samples analyzed by 
PCR and their corresponding microbiological culture in 
blood cultures (k = 0.97), which is moderate in the case 
of respiratory samples (k = 0.53). Both panels' diagnos-
tic sensitivities and specificities were satisfactory, with 
diagnostic yields similar to those obtained by other stud-
ies despite the use of different marketed PCR platforms 
[23]. In our research, NPV and PPV in blood cultures by 
FA-BCDI were 100% on the targets analyzed in the mul-
tiplexed PCR panel.

Table 4  Comparison between 
the FA-Pneumo and the culture 
according to the results of 
the FA-Pneumo, the type of 
respiratory sample and the 
bacterial load provided by the 
FA-Pneumo

*In the row of bacterial loads, as some samples are polymicrobial, the total number of cases analyzed (63) 
exceeds the number of specimens (36). The number of microorganisms detected is 58 by the two methods 
plus five seen by culture but which are not part of the panel (Staphylococcus epidermidis = 1, Burkholderia 
cepacia = 1, Candida albicans = 2, Morganella morganii = 1). FA-Pneumo: BioFire Filmarray Pneumonia 
Panel. We evaluated the possibility of polymicrobial pneumonia diagnosis when the bacterial counts from 
tracheal aspirate and bronchoalveolar lavage samples for each isolated microorganism met prescribed crite-
ria [16]. If the values fell below the specified thresholds, they were deemed as contamination, regardless of 
any concurrence with PCR results

Total sam-
ples*

Concordance between the FA-Pneumo and the 
culture

P-value

Non-con-
cordant

Partially 
concordant

Completely 
concordant

Results of FA-Pneumo
 No microbes 5 0 5  < 0.001
 Monomicrobial 11 2 9
 Polymicrobial 20 4 10 6

Type of Sample
 Tracheal aspirate 28 5 8 15 0.894
 Bronchoalveolar lavage fluid 8 1 2 5

Bacterial loads of the FA-Pneumo
  ≤  105 copies/mL 24 6 10 8 0.240
  >  105 copies/mL 39 10 26 27

Table 5  Concordance of 
bacterial loads between culture 
and FA-Pneumo panel. Only 
bacterial pathogens present 
in the molecular panel were 
considered

FA-Pneumo: BioFire Filmarray Pneumonia Panel

FA-Pneumo (copies/mL)

 >  107/107 106 105 104 Not detected

Culture (cfu/
mL)

 >  106 17 0 0 0 3

105 2 1 0 0 2
104 2 2 0 0 1
103 1 0 0 0 0
Not detected 6 6 2 8 0
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In respiratory samples from patients with pneumonia, 
our results also show degrees of agreement similar to those 
published by other authors [21, 24, 25]. Several studies 
demonstrated high NPV close to 100% in respiratory sam-
ples analyzed by PCR [26–28] as we do in respiratory sam-
ples where NPV was 100%. However, a PPV of 39% was 
obtained, lower than that reported in the studies cited above.

Among the most prevalent bacteria detected in respira-
tory samples by both methods are S.aureus, P.aeruginosa, 
and enterobacteria, a common finding in other studies [22, 
25–31]. We highlight the absence of growth by the tradi-
tional culture of all cases (n = 6) of E. cloacae detected by 
FA-Pneumo. All these samples were polymicrobial; in five 
of six cases, the patients had received antibiotics in the five 
days before sampling, and in four of six cases, the bacterial 
load was equal to or less than  105 copies/mL, perhaps due to 
the previous administration of antibiotics or the competition 
between microorganisms for nutrients in the culture media, 
as it was previously reported [32, 33]. We observed that in 
polymicrobial samples, the degree of agreement was lower, 
finding a partial correlation in the detection of germs by FA-
Pneumo and microbiological culture on ten occasions, seven 
of which belonged to patients who had received previous 
antibiotic therapy, an observation already reported by other 
authors [11, 28, 31, 34].

Despite the lack of consensus regarding specific micro-
biological load values detected by PCR that can differentiate 
between infection and colonization, higher loads have been 
associated with microbial growth in cultures, making it a 
valid criterion for diagnosis [35]. For instance, loads equal 
to or exceeding  105 copies/mL are correlated with bacterial 
growth in microbiological cultures, while loads lower than 
 105 copies/mL are associated with the absence of microbes 
[27, 31, 34]. Our observations revealed a strong correlation 
at  107 copies/mL.

In 5 out of 36 respiratory samples examined, we did not 
detect any germs in either FA-Pneumo or microbiological 
cultures, thus reasonably excluding the possibility of bac-
terial infection. This observation raises doubts about the 
necessity of initiating empirical antibiotic therapy in such 
cases. Conversely, we detected negative FA-BCID in five 
blood culture samples from patients exhibiting clear signs of 
sepsis due to bacteremia caused by anaerobic bacteria, which 
are not part of the diagnostic panel by PCR. Hence, know-
ing the microbiological targets and resistance genes detect-
able by PCR is crucial. Therefore, the decision to initiate 
antibiotic therapy in the absence of microbial detection by 
PCR must be individualized, and an active antibiotic therapy 
optimization program should be implemented, which is cur-
rently absent in our case.

Almost all the blood samples (75/77) came from patients 
with bacteremia who received antimicrobials while FA-
BCID measurement was performed. In most cases, the Ta
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e 
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regimen was kept the same after its realization (66/77, 
85.7%), being maintained until microbiological culture and 
antibiogram results were obtained. The adjustments made 
(11/77, 14.3%) were due to a lack of adequacy of treatment 
(identified germs not covered) on five occasions and by de-
escalation on six occasions. We dismissed those detections 
of coagulase-negative Staphylococcus in PCR of blood 
cultures that we considered contaminations according to 
the clinical context of each patient. The subsequent expert 
review concluded that in 55/77 cases (71.4%), empirical 
antibiotic therapy could have been modified, the majority 
(42/55, 76.36%) in the form of de-escalation. Rule et al. [13] 
reported antibiotic modification rates in 32% of their patients 
with bacteremia, being mainly escalated. However, unlike 
us, a high incidence of multidrug-resistant germs in their 
series should be noted.

Our study's analysis of respiratory samples revealed that 
8 out of 36 patients had already started antibiotic therapy 
before PCR, 24 out of 36 started antibiotic treatment when 
performing FA-Pneumo, and four did not receive antibiotic 

therapy. Only two patients had a modification of their anti-
biotic regimen after receiving the results of FA-Pneumo. 
Upon subsequent analysis, we found that in 22 out of 36 
cases (61.1%), the antibiotic treatment could have been opti-
mized, mainly through de-escalation (63.6%) and withdrawal 
(27.3%), and only in 2 out of 22 cases (9%) as escalation, 
considering the use of beta-lactams as the primary treatment 
for the infection.

Similar studies conducted on critical patients with sus-
pected respiratory infections have observed comparable 
results, where modifications in antibiotic therapy were nec-
essary in a significant proportion of cases [11, 24, 29–31, 
34].

Seventy-four point one percent of our patients with 
suspected VAP were admitted to the ICU due to respira-
tory infection by SARS-CoV-2, so it is worth mentioning 
a prospective study in critical COVID-19 patients with 
VAP in which the antibiotic was only withdrawn in one-
third of patients with negative PCR [22]. The possible lack 
of confidence in the PCR technique, which may justify the 

Fig. 2  Concentrations of leukocytes, lymphocytes, neutrophils, procalcitonin, C-reactive protein, D-dimer, and lactate according to the bacterial 
load detected in conventional culture of respiratory samples from patients with suspected ventilation-associated pneumonia (cut-off:  105 cfu/mL)
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clinician's decision not to modify the antimicrobial treatment 
initiated, and the absence of an active antibiotic optimiza-
tion program prevent obtaining better performance from this 
test [36].

However, there are challenges in interpreting PCR results 
in bronchial secretions of critical patients with suspected 
pneumonia, as there is a possibility of overdiagnosis due to 
non-viable, contaminating, or colonizing germs that are not 
responsible for the infection. Hence, the performance and 
impact on clinical decisions of PCR-based rapid diagnos-
tic tests in serious situations have yet to be established, as 
they do not necessarily rule out the possibility of infection 
and therefore, providing empirical antibiotic coverage for 
potential pathogens would be justifiable. Nonetheless, these 
tests can still provide valuable help in adjusting early and 
adequate initial antibiotic therapy in critical patients, espe-
cially in environments with a high incidence of infection by 
multidrug-resistant germs.

We found a low incidence of genetic resistance by PCR, 
which we confirmed by culture. The absence of multidrug 
resistance may have contributed to the high rates of adequate 
empirical coverage in our series, with 90.3% coverage in res-
piratory samples and 88.4% in blood culture samples. This 
finding suggests that therapeutic adjustments in the form of 
escalation were only needed sometimes, as they would be if 
there were higher rates of resistance.

Next, we investigated whether additional biochemical 
tests could help predict pneumonia. Lymphopenia was the 
only parameter correlated with a high bacterial load. Lym-
phopenia has recently been studied in SARS-CoV-2 infec-
tion and is a frequent finding in these patients [37], associ-
ated with a worse prognosis [38], and identified as a risk 
factor for secondary infections [39].

The study has several limitations, primarily due to its ret-
rospective design. It did not involve a team with expertise 
in interpreting PCR results to offer active support for opti-
mizing antibiotic use. Consequently, decisions to prescribe 
antibiotics were left to the discretion of the responsible 
physician. Another limitation was the study's confinement 
to a single ICU, with a relatively small number of patients 
and a population of respiratory samples mainly from peo-
ple affected by COVID-19, with limited participation from 
other pathologies. Additionally, the low incidence of infec-
tions caused by multidrug-resistant organisms reinforces the 
confidence in the effectiveness of initial empirical treatment 
in most cases.

We conclude that multiplexed PCR improves the response 
time in the identification of germs with a high degree of 
coincidence with respect to blood cultures and moderate 
in relation to cultures of respiratory samples. These results 
highlight the importance of PCR in choosing an appropriate 
antibiotic therapy.
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