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Community acquired pneumonia (CAP) and ventilator associated pneumonia (VAP) are two medical entities that carry
high elevated health-care costs and mortality. A rapid an accurate diagnosis with a prompt and correct antibiotic treatment
are the mainstay for good outcome. Knowledge of etiologic microbiological involvement is a cornerstone for antibiotic
treatment, further de-escalation and avoids the appearance of antibiotic resistance pathogens. Molecular base techniques as
real time polymerase chain reaction (r PCR) can improve microbiological results.
Keywords: Community acquired pneumonia; Health-care acquired pneumonia; Ventilator-associated pneumonia; Real
time PCR; microbiological diagnosis of severe pneumonia; Pneumonia in ICU.

1. Introduction and Justification
Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs 48–72 hours or thereafter following
endotracheal intubation, characterized by the presence of a new or progressive infiltrate, signs of systemic infection
(fever, altered white blood cell count), changes in sputum characteristics, and detection of a causative agent (1). VAP
contributes to approximately half of all cases of hospital-acquired pneumonia (1, 2). VAP is estimated to occur in 9–27
% of all mechanically ventilated patients, with the highest risk being early in the course of hospitalization (1-3). It is the
second most common nosocomial infection in the intensive care unit (ICU) and the most common in mechanically
ventilated patients (4, 5). VAP rates range from 1.2 to 8.5 per 1,000 ventilator days and are reliant on the definition used
for diagnosis (6).
Risk for (VAP) is greatest during the first 5 days of mechanical ventilation (3 %) with the mean duration between
intubation and development of VAP being 3.3 days (1-6). Mortality rate is variable and relies heavily on the underlying
medical illness (1). The attributable risk of death has decreased and is more recently estimated at 9–13 % (5, 9, 10),
largely because of implementation of preventive strategies. Approximately 50 % of all antibiotics administered in ICUs
are for treatment of VAP (2, 4). Early onset VAP is defined as pneumonia that occurs within 4 days and this is usually
attributed to antibiotic sensitive pathogens whereas late onset VAP is more likely caused by multidrug resistant
organisms (MDRO) and emerges after 4 days of intubation (1, 4, 5).
Thus, VAP poses severe implications in endotracheally intubated adult patients in ICUs worldwide and leads to
increased adverse outcomes and healthcare costs. Independent risk factors for development of VAP are male sex,
admission for trauma and intermediate underlying disease severity, with odds ratios (OR) of 1.58, 1.75 and 1.47–1.70,
respectively (6).
Most community-acquired pneumonia (CAP) now occurs in elderly patients (> 65 yr), but little is known about it in
younger adults (18 to 65 yr). Using a database on 7,803 German patients with CAP, Klapdor and colleagues compared
those age groups and identified significant differences between their comorbidities, clinical presentations, severities,
etiologies, and mortality rates (7).
Only half of the younger patients had comorbidities (compared with 88% of older patients), their CAP was less
severe, Streptococcus pneumoniae and Mycoplasma pneumoniae represented the most frequent causative
microorganisms identified (respectively, 25.1 and 4.5%) (7).
Health-care contact before pneumonia onset, including admission from a nursing home, recent hospitalization,
antibiotic exposure, immunosuppression, and/or chronic hemodialysis, may constitute a risk factor for MDRO, thereby
substantially changing the microbes expected to be causing CAP, and, these patients may require more aggressive
therapeutic management to prevent excess mortality.
A major challenge for patients hospitalized with CAP is the early identification of those at risk of deterioration who
could benefit from ICU admission. Hypocapnia and hypercapnia should be considered for severity stratification and to

© FORMATEX 2015

1013

The Battle Against Microbial Pathogens: Basic Science, Technological Advances and Educational Programs (A. Méndez-Vilas, Ed.)

identify patients at higher risk of mortality who require intensive care (8). Adding arterial pH less than 7.30 to the 2007
Infectious Disease Society of America/American Thoracic Society major criteria, improved identification sensitivity
and area under the receiver operating characteristic curve for those who would require ICU (11).
1.1 Pathogenesis
The complex interplay between the endotracheal tube, presence of risk factors, virulence of the invading bacteria and
host immunity largely determine the development of VAP. The presence of an endotracheal tube is by far the most
important risk factor, resulting in a violation of natural defense mechanisms (the cough reflex of glotis and larynx)
against microaspiration around the cuff of the tube (4, 12). Infectious bacteria obtain direct access to the lower
respiratory tract via: (a) microaspiration, which can occur during intubation itself; (b) development of a biofilm laden
with bacteria (typically Gram-negative bacteria and fungal species) within the endotracheal tube; (c) pooling and
trickling of secretions around the cuff; and (d) impairment of mucociliary clearance of secretions with gravity
dependence of mucus flow within the airways (4, 5, 13, 14). Host factors such as the severity of underlying disease,
previous surgery and antibiotic exposure have all been implicated as risk factors for development of VAP (1).
In addition, it has recently been noted that critically ill patients may have impaired phagocytosis and behave as
functionally immunosuppressed even prior to emergence of nosocomial infection (4, 5, 13, 14). This effect is attributed
to the detrimental actions of the anaphylatoxin, C5a, which impairs neutrophil phagocytic activity and impairs
phagocytosis by neutrophils (15). More recently, a combined dysfunction of T-cells, monocytes, and neutrophils has
been noted to predict acquisition of nosocomial infection (15).
1.2 Microbiology
The type of organism that causes VAP usually depends on the duration of mechanical ventilation. In general, early VAP
is caused by pathogens that are sensitive to antibiotics, whereas late onset VAP is caused by MDRO and more difficult
to treat bacteria. However, this is by no means a rule and merely a guide to initiate antibiotic therapy until further
clinical infor mation is available.
Typically, bacteria causing early-onset VAP incluye S. pneumoniae (as well as other streptococcus spp.),
Hemophilus influenzae, methicillin-sensitive Staphylococcus aureus (MSSA), antibiotic-sensitive enteric Gramnegative bacilli, Escherichia coli, Klebsiella pneumonia, Enterobacter spp., Proteus spp. and Serratia marcescens.
Culprits of late VAP are typically MDRO, such as methicillin-resistant S. aureus (MRSA), Acinetobacter baumanii,
Pseudomona aeruginosa, and extended-spectrum beta-lactamase producing bacteria (ESBL) (4). The exact prevalence
of MDRO is variable between institutions (1). Patients with a history of hospital admission for  2 days in the past 90
days, nursing home residents, patients receiving chemotherapy or antibiotics in the last 30 days and patients undergoing
hemodialysis at outpatient centers are susceptible to MDRO (1, 4).
Frequently, VAP is due to polymicrobial infection. VAP from fungal and viral causes has a very low incidence,
especially in the immunocompetent host (1).
Contemporary standards for high-quality microbiological analysis for CAP include 4 components: specimen source,
pathogenic potential of various organisms, concentrations of organisms recovered, and the influence of prior antibiotics.
The most readily available specimen and diagnostic standard in most cases is expectorated sputum. This specimen must
traverse the upper airways, which are colonized with large concentrations with multiple bacteria (109–1010 colonyforming units [CFU]/mL saliva), including some that are potentially agents of pneumonia, such as S. pneumoniae, H.
influenzae, and, in patients with prior antibiotics or underlying diseases, enteric gram-negative bacilli (11, 16). With
respect to the problem of contamination, there have been numerous attempts to decrease it. Neither of these procedures
attracted much attention.
The one system that survived this period of attempts at quality improvement is the molecular analysis of cellular
constituents of sputum, as initially reported from Murray and Washington (17). This report recommended discarding
specimens that contained >10 squamous epithelial cells (SECs) per low-power field (LPF) with a 100x magnification of
the gram-stained smear.
Particularly important among the multitude of studies examining the various criteria was the report by Geckler et al
(18), who compared the results from various methods of expectorated sputum screening with results from transtracheal
aspiration. This supported the use of ,25 SECs/LPF, which became the criterion that was subsequently endorsed by
Washington (19).
It is important to pose that an etiologic agent can rarely be identified in more than 50% of patients with communityacquired pneumonia (CAP) (20), further development of diagnostic methods has been encouraged. An important
development for detection of this specific pathogen is the urinary antigen assay, which has the advantages of ease of
getting a diagnostic specimen and substantial improvement over sputum in terms of diagnostic yield and ability to
establish this diagnosis after antibiotic treatment, sensitivity of 82% and a specificity of 97% (21, 22). The urinary
antigen test has also been developed and is now the favored and the most practical test for detection of Legionnaires
disease, which accounts for 2%–6% of CAP cases (21-26, 47).
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1.3 Diagnosis
At the present time, there is no universally accepted, gold standard diagnostic criterion for VAP. Several clinical
methods have been recommended but none have the needed sensitivity or specificity to accurately identify this disease
(27). Daily bedside evaluation in conjunction with chest radiography can only be suggestive of the presence or absence
of VAP, but not define it (28).
Clinical diagnosis of VAP can still miss about a third of VAPs in the ICU compared to autopsy findings and can
incorrectly diagnose more than half of patients, likely due to poor interobserver agreement between clinical criteria (8,
28, 29). Postmortem studies comparing VAP diagnosis with clinical criteria showed 69 % sensitivity and 75 %
specificity, in comparison to autopsy findings (30).
The American Thoracic Society (ATS) and the Infectious Diseases Society of America (IDSA) guidelines
recommend obtaining lower respiratory tract samples for culture and microbiology (1). Analysis of these samples can
be quantitative or qualitative. This guideline also allows use of tracheal aspirates for their negative predictive value (94
% for VAP) (31). Pugin et al (31) described clinical criteria for diagnosis of VAP as the clinical pulmonary infection
score (CPIS) that takes into account clinical, physiological, microbiological and radiographic evidence to allow a
numerical value to predict the presence or absence of VAP (Table 1) (28, 31). Scores can range between zero and 12
with a score of  6 showing good correlation with the presence of VAP (31). Despite the clinical popularity of the CPIS,
debate continues regarding its diagnostic validity. One metanálisis of 13 studies evaluating the accuracy of CPIS in
diagnosing VAP reported pooled estimates for sensitivity and specificity for CPIS as 65 % (95 % CI 61–69 %) and 64
% (95 % CI 60–67 %), respectively (31). Despite its apparent straightforward calculation, the inter-observer variability
in CPIS calculation remains substantial, jeopardizing its routine use in clinical trials (32). Of all the criteria used to
calculate the CPIS, only time-dependent changes in the PaO2/FiO2 ratio early in VAP may provide some predictive
power for VAP outcomes in clinical trials, namely clinical failure and mortality (33).
However, a trial by Singh and colleagues (34) demonstrated that the CPIS is an effective clinical tool for determining
whether to stop or continue antibiotics for longer than 3 days.
Standard criteria for dignosis of VAP are:
1. New or progressive radiographic consolidation or infiltrate.
In addition, at least 2 of the following:
2. Temperature > 38º C
3. Leukocytosis (white blood cell count  12,000 cells/ mm3) or leukopenia (white blood cell count < 4,000
cells/mm3)
4. Presence of purulent secretions
Respiratory samples can be obtained using several techniques: The ATS/IDSA guidelines note that use of a
bronchoscopic bacteriologic strategy has been shown to reduce 14-day mortality when compared with a clinical strategy
(16.2 % vs. 25.8 %, p = 0.02) (1, 35). When samples are obtained by BAL techniques (BAL, mini-BAL or PSB), the
diagnostic threshold is 103 colony forming units (cfu)/ml for protected specimen brushing and 104 cfu/ml for BAL.
More recent evidence from the Canadian Clinical Trials study of 740 suspected VAP patients randomized to BAL or
tracheal suctioning (BAS) suggests that (excluding patients known to be colonized/infected with Pseudomona spp. or
MRSA) similar clinical outcomes and overall use of antibiotics is observed when either BAL with quantitative culture
or BAS with non-quantitative culture is used for diagnosis (36). This finding was confirmed by a Cochrane metaanalysis (37). Culture results can be reported as semi-quantitative and/or quantitative values.
Once specimens are obtained, the sample is sent for Gram stain (DE), culture and sensitivity (C). The Gram stain can
provide crucial initial clues to the type of organism(s) and whether or not the material is purulent (defined as  25
neutrophils and  10 squamous epithelial cells per low power field) (1).
Mechanically ventilated patients in the ICU receive frequent chest X-rays and presence of infiltrate(s) and/or
consolidation is considered part of diagnostic criteria and is widely used. However, there are several clinical conditions
that have radiographic appearances similar to VAP.
There is poor correlation between radiographic signs (alveolar infiltrates, air bronchograms) and histopathological
diagnosis of pneumonia (38). The sensitivity and specificity of presence of infiltrates on chest X-ray is also not
encouraging (38). On the flip-side, the negative predictive value of infiltrates may have clinical utility. In a metaanalysis by Klompas, the presence or absence of fever, elevated white blood cell count, or purulent secretions did not
substantively predict the probability of infection; however, the absence of a new infiltrate on a plain radiograph lowered
the likelihood of VAP (28).
VAP must be distinguished from tracheo-bronchitis. Clinical features of these diseases can overlap, but only VAP
will demonstrate the presence of hypoxia and the presence of infiltrate/consolidation on chest radiography (38).
CAP should be suspected in patients with newly acquired lower respiratory symptoms (cough, sputum production,
and/or dyspnea), especially if accompanied by fever, altered breath sounds, and rales. The importance of establishing
the diagnosis of pneumonia and its cause is heightened with the increasing concern about antibiotic overuse (14, 39).
The diagnosis of CAP is based on a combination of clinical and laboratory (including microbiological) data. The
differential diagnosis of lower respiratory symptoms is extensive and includes upper and lower respiratory tract
infections, as well as noninfectious causes. Most cases of upper respiratory tract infection are of viral origin, do not
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require antimicrobial therapy, and are the source of great antibiotic abuse (8, 40, 41). A chest radiography is usually
necessary to establish the diagnosis of pneumonia (42, 43). Physical examination to detect rales or bronchial breath
sounds is neither sensitive nor specific for detecting pneumonia (8, 42, 44, 45, 46). Chest radiography is considered
sensitive and, occasionally, is useful for determining the etiologic diagnosis, the prognosis, and alternative diagnoses or
associated conditions (8, 45).
One study showed spiral CT scans are significantly more sensitive in detecting pulmonary infiltrates (47), but the
IDSA panel does not endorse the routine use of this technology because of the preliminary nature of the data and high
cost of the procedure (8).
The emphasis on microbiological studies (Gram staining and culture of expectorated sputum) in the IDSA guidelines
represents a difference from the guidelines of the American Thoracic Society (48).
1.4 Treatment
For VAP selecting the appropriate antibiotic depends on the duration of mechanical ventilation. Late onset VAP (> 4
days) requires broad spectrum antibiotics whereas early onset ( 4 days) can be treated with limited spectrum antibiotics
(1). An updated local antibiogram for each hospital and each ICU based on local bacteriological patterns and
susceptibilities is essential to guide optimally dosed initial empiric therapy (1). With any empiric antibiotic regimen, deescalation is the key to reduce emergence of resistance (49). Delays in initiation of antibiotic treatment may add to the
excess mortality risk with VAP (1). Owing to the high rate of resistance to monotherapy observed with P. aeruginosa,
combination therapy is recommended. Acinetobacter spp. respond best to carbapenems (also active against ESBL
positive Enterobacteriaceae), colistin, polymyxin B and ampicillin/sulbactam (50, 51). Although MDRO are usually
associated with late-onset VAP, recent evidence suggests that they are increasingly associated with early onset VAP as
well (52, 53). The role of inhaled antibiotics in the setting of failure of systemic antibiotics is unclear (1). The usual
duration of treatment for early onset VAP is 8 days and longer in the case of late-onset VAP or if MDRO are suspected
or identified (53–55).
Despite therapy, if no response is observed, it may be prudent to reconsider the diagnosis (65). Because of the
challenges associated with diagnosing VAP, especially early in the course, the IDSA/ATS guidelines highlight the
importance of reassessing patients at 48–72 hours (65). In one study, Swoboda et al. (56) found that half of the empiric
antibiotic use for VAP in two surgical ICUs was prescribed for patients without pneumonia.
Recommendations for severe CAP empirical therapy a regimen with a b-lactam plus a macrolide or monotherapy
with a fluoroquinolone is preferred. The rationale for recommending these regimens is based on studies showing that
these regimens were associated with a significant reduction in mortality, compared with that associated with
administration of cephalosporin alone (57, 58).
In critically ill patients with pneumonia, antibiotic therapy is mandatory to improve prognosis and should be
administered as soon as possible. In the case of VAP, inappropriate antibiotic therapy might increase the length of stay
in the ICU and even double mortality (59-61).
The spectrum of antibiotic therapy should be adapted as soon as microbial identification is available (45). Gram
staining of respiratory samples obtained with protected distal sampling, or BAL is rapid but its sensitivity is low (62,
63). The results of quantitative culture of these specimens are available only 24 to 48 h later. Furthermore, the
sensitivity of culture is decreased by prior antimicrobial therapy, especially if antibiotics have been introduced recently
(49).
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Table 1 Clinical Pulmonary Infection Score Calculation.

2. Objetives
The aim of the present study was to estimate the diagnostic accuracy of different tests of bronchoaspirated samples
(BAS) obtained from orotracheal tubes of patients on mechanical ventilation with diagnosis of CAP or HAP-VAP
severe pneumonia. Gram stained (DE), microbiological culture (C), a real time PCR (rPCR) for specific genes of S.
Aureus, mecA gen, P. Aeruginosa, and A. baumanii and urine detection of antigens for Legionella sp. and S.
pneumoniae were determined and studied. Secondary objetives were to correlate sensivity and specifity of
microbiological tests when on antibiotic treatment and levels of PCT with severity and mortality as well as SOFA and
APACHE II as predictors.

3. Methods
We conducted a prospective study on consecutive patients admitted to our polivalent 22-bed ICU (Large Tertiary
Teaching Hospital) during a two year period (January 2013-January 2015) with diagnosis of severe CAP, severe HAP
included VAP. The study was approved by the Clinical Investigation and Ethics Committee. An informed consent was
given by the patient or by a legal representative if the patient was unable to consent.
Diagnosis of suspected CAP, was based on the Infectious Diseases Society of America/American Thoracic Society
consensus guidelines on the Management of community-acquired pneumonia in adults (45), using clinical, radiological,
and biochemical criteria: cough, dyspnea, chest pain, sputum, fever, tachycardia, tachypnea, confusion, localized
dullness, body temperature more than 38.3°C, the presence of persistent crackles during inspiration, the presence of
pulmonary infiltrate on the hospital admission chest X-ray or appearing within 48 h of hospital stay, and leukocytosis
(>10,000/mL) or leukopenia (<4,000/mm3).
Diagnosis of hospital-acquired pneumonia (HAP) and VAP was based on American Thoracic Society guidelines (1,
65) and was defined as: more than 48 h after hospital admission, new or persistent infiltrate on chest X-ray associated
with at least two of the following: purulent tracheal secretions, temperature >38°C, and leukocyte count >11,000 or
<4,000/mm3. In the case of clinical and bacteriological suspicion of pneumonia with inconclusive chest X-ray, a chest
CT scan was performed to confirm the diagnosis.
3.1 Data Collection
Elegible patients were adults > 18 years, with diagnosis of severe CAP or HAP-VAP admitted in our ICU. For every
eligible patient, the following data were systematically recorded: age, gender, acute physiology and chronic health
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evaluation II (APACHE II), sepsis related organ failure assessment (SOFA), type of pneumonia (CAP or HAP
(including VAP)), underlying immunodeficiency [defined as one of the following: AIDS, cancer or hematological
disease with chemotherapy administered less than 30 days before admission, recipient of solid organ (liver) or bone
marrow transplant, corticosteroids more than 1 mg/kg/day equivalent prednisone for more than 1 month, and other
immunosuppressive therapies], septic shock according to international definitions (64), procalcitonine (PCT) levels (
expressed as mg.L-1 ) on first 12 hours after admission, cytology and Gram stained (DE) of the BAS, cultured results (C)
of BAS, rPCR results on BAS, urine antigens detection, administration of a recent antibiotic treatment (defined as a new
antibiotic therapy initiated within 48 h before BAS), and results of all microbiological specimens obtained during 2
days befote or after BAS and ICU mortality.
3.2 Procedures and analisis
The BAS is sent to the microbiology laboratory in sterile wide-mouth container, double lid and screw cap. The sample
is used for a Gram stain, culture on non-selective agar medium for common bugs, and polymerase chain reaction (PCR)
for multiresistant pathogens, by RealCycler (Progenien Molecular). In case of delayed simple procedure, storage frozen
at -20ºC until used. This issue is an in vitro diagnostic kit of reagents that allows real-time PCR (rPCR) qualitative
detection of Staphylococcus aureus, Pseudomonas aeruginosa and Acinetobacter baumannii DNA simultaneously. The
amplification is done by SmartCycler£ (Cepheid£).
The PCR is based on the amplification of a specific región of the DNA/RNA by using complementary primers to the
target sequence. This rPCR uses marked probes with fluorophores that emit fluorescence in the case of amplification. P.
aeruginosa is detected in the corresponding channel of FAM fluorophore, while A. baumannii is detected in TxR
fluorophore and S. aureus in Alx647 fluorophore. Finally, an internal control is detected in Alx532 fluorophore.
The system includes an internal control of amplification to prevent false negatives due to reaction inhibition. The
interpretation of the results is cualitative (positive, not detected or not assessable).
Samples for rPCR were processed on their arrival to the microbiology department daily from 8.00-15.00 hour and from
Monday till Friday; out of daily work-time hours samples were kept frozen until next workable day.
One week after ICU admission, according to the clinical evolution, chest radiograph, and results of DE, C, and other
conventional microbiological samples, all medical files were assessed in a blinded manner by two senior physicians to
rule in or not the diagnosis of infectious pneumonia.
In the case of discrepant conclusions, a third senior intensivist assessed the data until a consensus was obtained.
Physicians analyzing the data were blinded to the results of the rPCR.
Based on the clinical history, clinical examination, radiological file, biological results, and of other microbiological
samples (blood cultures, DE, C, Streptococcus pneumoniae, and antigenuria), the diagnosis of infectious pneumonia
was ruled in or ruled out and the rPCR results were assessed and compared with the results of DE and C.
3.3 Statistical analysis
Continuous variables were expressed as mean ± SD. Categorical variables were expressed as proportions and compared
using the Fisher´s exact test for independent samples and the McNemar chi-square test for matched pairs. ROC curve
analysis was performed to determine optimal cutoff values. Sensitivity and specificity and their 95% confidence interval
were calculated. Two-tailed probability values less than 0.05 were considered statistically significant. Statistical
analysis was performed using the SPSS 19.0 software (SPSS, Inc., Chicago, IL, USA).

4. Results
During the study period, pneumonia was suspected in 65 patients and finally confirmed in only 50 of them (age: 60±17
years (age range, 22 to 78 years), 35 males (70%), SOFA 7.2 ± 2.8 and APACHE II: 17.6 ± 5, invasive mechanical
ventilation requirement: 100%, septic shock: 32%, immunosuppression: 18%. The chest X-ray showed the pneumonia
in 84% of patients. In eight patients (16%), the pneumonia was visible only in the chest CT scan. The types of
pneumonia broke as follows:
CAP (n = 12, 24%) and HAP/VAP (n = 38, 76%). Among the HAP, 30 were VAP. Demographics and clinical
characteristics of the 50 patients with suspected pneumonia are summarized in Table 2. Among the 15 patients for
whom pneumonia was finally ruled out, alternative diagnosis was: intra-alveolar hemorrhage (n = 3), hemodynamic
pulmonary edema (n = 3), a vacuo edema complicating pneumothorax exsufflation (n = 1), pulmonary fibrosis (n = 1),
and acute respiratory distress syndrome or acute lung injury related to extrapulmonary sepsis (n = 7).
Pathogen identification rate with rPCR (37/50; 74%, sensibility 89%, specifity 35%) was greater than with culture
(19/50; 38%) (p <0.001 for the three pathogens included in the rPCR test. Pathogen identification rate provided by
rPCR was not modified in the case of previous antibiotic treatment (28/38; 74%) and was still better than with culture
(19/38; 50%, p <0.01) irrespective of whether pneumonia was CAP or HAP-VAP.
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At the time of the BAS, 38 patients (76%) were receiving recent antibiotic therapy (patients with CAP: 8 (66%),
patients with HAP-VAP: 21 (55%)). The reasons for this antibiotic treatment were: pneumonia (n = 17), bronchitis (n =
4), bactaeremia associated with febrile neutropenia (n = 2), febrile neutropenia without bactaeremia (n = 2), urinary
tract infection (n = 2), catheter-associated bactaeremia (n = 1), and intra-abdominal infection (n = 1).
The results of pathogen identification provided by DE, C, and rPCR are depicted in Table 3 and 4.
Using data provided by other microbiological tests (as urinary pneumococcal antigen), a pathogen identification was
obtained in one supplemental case, resulting in a final pathogen identification in 48/50 cases (96%). These two patients,
for whom all microbiological examinations were negative, were receiving antibiotic therapy when BAS and the rest of
microbiological determinations were performed.
Bacterial species identified by DE, C, and rPCR are depicted on Table 4. Urinary pneumococcal antigen was
positive in only one case (CAP) (n = 1).
In patients for whom pneumonia diagnosis was finally ruled out, rPCR detected a pathogen in 4/15 patients (26%).
This was considered as colonization.
Receiver operating curve (ROC) analysis indicated: a) a critical value 2.2 as the optimal cut-off point for assessing
PCT and mortality (sensitivity of 84% [CI95%: 68-97%] and specificity of 65% [48%-81%]); b) a critical value 7.5 as
the optimal cut-off point for assessing SOFA and mortality (sensitivity of 84% [ 68-97%] and specificity of 81% [67%95%]); and c) a critical value 17.5 as the optimal cut-off point for assessing APACHE II and mortality (sensitivity of
95% [CI95%: 85-100%] and specificity of 68% [51%-84%]) (Figure 1,2 and 3).
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5. Discussion
Recently published guidelines recommend antibiotic administration within 1 h for patients suspected of having septic
shock or severe sepsis (66). During severe infection, empirical antibiotic therapy is inappropriate in roughly one-third of
cases, and this substantially increases mortality and hospital length of stay (65, 67). In the setting of infection, any tool
enabling prompt and accurate documentation of pathogen might theoretically reduce mortality and may serve to
improve hospital resource use (43, 65).
Our study was carried out during two consecutive years and all patients were correlative included if they met the
inclussion criteria. Final diagnosis of pneumonia relied on a posteriori analysis of clinical, radiological, and
microbiological data. This analysis was conducted by two senior physicians who were blinded to rPCR results.
This study shows an increase of the spectra of microbiological studies to carry out on biological samples with rapid
and reliable results that can help the clinician to discard pathogens supposedly involved as causing pneumonia. Then
our study suggest that rPCR test significantly increased the identification rate of pathogen causing pneumonia,
compared with usual culture gram stain (C), culture (DE) and urinary antigen detection. This was also already published
by several authors (68, 69, 70, 71). Increased pathogen identification rate provided by rPCR compared to conventional
cultures has already been reported during the course of bloodstream infections (72-75), febrile neutropenia (76), and
persistent fever (77). The present data also suggest that rPCR can be done on samples having been kept frozen for
several days until availability of microbiological technician, so that its profitability is clearly improved.

Fig. 1 ROC for PCT; SOFA and APACHE II.

The excellent rPCR negative predictive value (even on patients already on antibiotics) suggests that antibiotics
directed against MRSA may not be used in most patients with a negative test. This finding is in agreement with that
already published in previous studies (69, 71). Importantly, the rPCR test cannot confirm the presence or absence of
VAP. The diagnosis of VAP is based on clinical, radiological and microbiological features (43, 45, 46, 65).
In this study, microbiological diagnoses were achieved in 96% of patients, though 76% of then were already on
antibiotic treatment; in this group of patients rPCR greatly helped to reach a final microbiological diagnosis.
Rello et al. (78) claimed that microbiological diagnosis was fully justified in cases of severe community-acquired
pneumonia because it had an impact on patient outcome, but others have found that diagnosis has had no impact (79,
80). However, rPCR provides the opportunity to identify the etiological agent in a clinically relevant time period. This
could result in important changes in antimicrobial therapy in order to fit an early proper treatment and to lessen the
appearance or increase of MDRO.
Early detection of additional causative pathogens by a sensitive rPCR-based method has the potential to reduce the
proportion of patients with initial inappropriate treatment (78). In contrast, detection of non-causative microorganisms
may promote antibiotic overuse. Clinical judgment and consideration that some microrganisms are not part of the
normal flora of the LRT and when detected must be considered as infection even when present in trace amounts (82).
In the present study, pathogen identification was high and could have been better if the panel of the rPCR had
included other microorganisms frequently causing pneumonia.
The striking finding of our study is a prevalence rate of MRSA below 2%. This prevalence is lower than that reported
in previous studies (69, 71). This is in line with data regarding the decreased number of bacteremias due to MRSA in
Europe (72).
It is very impressive the high number of A. baumanii detected whether in HAP-VAP or in CAP.
This could be related to the high prescription pressure of antibiotics on patients that probably contributed to make a
selection of the microbiological flora involved in pneumonia to MDRO.
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The contribution of rPCR to pathogen identification was of particular interest in patients who had received
antibiotics, that patients’ population showed low positive results (50%) in DE and C and determinations.
It is known that the culture has a lower sensitivity in comparison with the PCR assay (lower limit of detection from
48 to 109.4 CFU/test) (69, 81) and that prior antibiotic therapy can lead to a negative culture. In addition, a positive test
result does not necessarily indicate the presence of viable organisms but rather the presence of amplifiable DNA from
dead bacteria in treated patients.
This fact must be kept in mind, since bacterial DNA can be detected in clinical samples for more than 10 days after
successful treatment (81, 82).
The Infectious Diseases Society of America (IDSA) does not believe that regulatory clearance of a new diagnostic
molecular test for VAP by the FDA should require that the test validates the presence of pneumonia or another variant
of respiratory infection (69). Instead, the focus should be the accuracy of the new molecular method in the detection of
a given bacterial or viral organism that will reduce antibiotic overuse (1), and in our study the Xpert assay proved to be
useful for the detection of MRSA, MSSA, Pseudomona Aeruginosa and Acinetobacter baumaniii.
Molecular analysis as rPCR, due to the ability to provide high pathogen identification more frequently than direct
examination and culture and in a rapid fashion so that antibiotic treatment could be initiated early and secure or adding
valid information if the idea is to stop them.
Direct examination provides information in less than 2 h, but the diagnostic value of direct examination performed on
BAS fluid was very good in our study as it identified pathogens in only 50% of patients. In routine, Gram stain is the
first microbiological result available for the clinician. Its role remains a matter of debate. A meta-analysis showed that
Gram stain is not reliable, with the exception of negative findings (83).
PCT could help to identify those patients at high risk of mortality (if ranges > 2 mg.L-1 ) and probably also as soon it
clearly descends or normalizes, when to stop antibiotics, in case the course of illness were satisfactory.
SOFA and APACHE II were good predictors of mortality when puntuation was over 7 and 17 respectively.
Our study has nevertheless several limitations. First, this was a monocenter study performed on a limited number of
consecutive patients. These interesting data deserve to be confirmed on more large ICU population. Second, due to
logistical and economical consideration, rPCR analysis was pooled and was not performed in real time in several
patients.
Finally, the time required by the technique (3 to 4 h) to provide microbiological results could be considered
excessive, since currently available new fully automated PCR platforms provide results in 1 h.

6. Conclusions
The results of this pilot experience suggest that in critically ill patients with pneumonia, rPCR performed on BAS fluid
could provide higher identification rate of pathogens involved in pneumonia than direct examination and culture,
especially in patients having received antimicrobial treatment.
Conflict of interest: None.
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