EXPERIMENTAL AND THERAPEUTIC MEDICINE 20: 3587-3594, 2020

PCR coupled to electrospray ionization mass spectrometry for
microbiological diagnosis and surveillance of
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Abstract. Etiological diagnosis is essential for anti-infective
therapy in patients with ventilator-associated pneumonia
(VAP). The present study aimed to evaluate the capacity of
sequential PCR coupled to electrospray ionization mass spec-
trometry (PCR/ESI-MS) tests as a rapid diagnostic technique
for patients with VAP. A total of 12 patients diagnosed with
VAP were enrolled at the intensive care unit in Zhongshan
Hospital, Fudan University. Mini-bronchoalveolar lavage
fluid specimens were prospectively collected on VAP 0, 5 and
10 days following the beginning of mechanical ventilation.
Routine clinical culture and PCR/ESI-MS were compared
for identification of microorganisms in the specimens. A
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total of 51 bacterial species were detected by either of the
two methods. The positive rates of routine clinical culture
and PCR/ESI-MS were 38.2 and 88.2%, respectively. Out of
the 16 specimens positive in routine cultures, 15 were also
positive on PCR/ESI-MS, except for one, from which a mix
of three distinct bacterial isolates were reported by culture.
Among the 50 bacterial species identified by PCR/ESI-MS,
15 (35.7%) of the common VAP pathogens were confirmed
by paired culture. Furthermore, of the 16 bacterial isolates
that were finally confirmed to be responsible for VAP, 14
were identified by a sequential PCR/ESI-MS test concur-
rently when the culture results were obtained. PCR/ESI-MS
identified pathogens that may cause VAP in 8 subjects prior
to the occurrence of associated clinical manifestations. To
conclude, PCR/ESI-MS was a potential rapid technique for
diagnosis of VAP within 6 h. Regular respiratory specimen
monitoring using PCR/ESI-MS provides information for
selecting appropriate and adequate antibiotic therapies in
ventilated patients.

Introduction

Ventilator-associated pneumonia (VAP) is a common nosoco-
mial infection in patients who require mechanical ventilation
in intensive care units (ICUs). VAP is associated with increased
mortality, prolonged hospital stay and an increased economic
burden (1-3). Inappropriate therapy and delayed initiation of
appropriate therapy may lead to increased patient mortality (4).

Guidelines recommend instant empirical antibiotic therapy
after the diagnosis of VAP (5). Therapy choices for initial anti-
biotics are mainly based on the local antibiogram, risk factors
for multiple drug-resistant infections and the onset time of
VAP. Intensive and combined initial therapy and de-escalating
therapy are recommended for VAP. Of note, administration of
inappropriate initial antibiotics may lead to failure to protect
against multiple drug-resistant microbes and may also select
for multiple drug-resistant strains. Determining the aetiology
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of VAP is therefore important for initial antibiotic treatment
and therapy adjustment.

Novel DNA-based molecular techniques for microor-
ganism detection have been reported as alternative tools for
the aetiological diagnosis of bacteraemia and respiratory infec-
tions. Conventional laboratory culture generally takes 2-3 days
for testing and has a positive rate influenced by numerous
factors. Early recognition and subsequent appropriate anti-
biotic therapy are beneficial. Existing diagnostic approaches
delay the start of targeted antibiotic therapy and result in
unnecessary antibiotic exposure. PCR coupled to electrospray
ionization mass spectrometry (PCR/ESI-MS) is a novel tool
that provides automatic, rapid and high-throughput pathogen
detection and has been proven successful in identifying bacte-
rial and fungal pathogens in clinical infections (6,7). However,
whether PCR/ESI-MS is useful for providing an accurate and
rapid pathogenic diagnosis for clinical antibiotic therapy in
respiratory infections remains controversial.

The aim of the present study was to evaluate the capacity
of PCR/ESI-MS to provide a pathogenic diagnosis for patients
with VAP in a short time (<6 h) and to determine whether this
technique is able to identify respiratory pathogen alterations in
mechanically ventilated (M V) patients to help clinicians choose
the appropriate initial empirical therapy when VAP occurs.
First, the concordance between PCR/ESI-MS and conven-
tional bacterial culture was investigated for identifying VAP
pathogens and subsequently, the correlation between bacterial
species identified by the sequential PCR/ESI-MS test and the
final pathogenic diagnosis of VAP was examined.

Materials and methods

Study design. Patients admitted to the surgical ICU of a
comprehensive teaching hospital between September 2011 and
July 2012 who required mechanical ventilation for >48 h were
recruited. Patients between 18 and 85 years of age without any
infectious disease prior to mechanical ventilation were eligible
and were excluded if they had diffuse bronchiectasis, massive
haemoptysis, cystic fibrosis or end-stage malignant disease.
They were also excluded if they received any antibiotics or
immunosuppressive drugs within 1 week of ventilation or if
they were pregnant or breast-feeding. A total of 30 subjects were
eligible and enrolled in the present study. Of these subjects, 12
were diagnosed with VAP within 2 weeks after MV initiation.
The diagnosis of VAP was based on the following criteria:
New-onset fever of >38.5°C, elevated peripheral blood white
cell count (>10x10°/1), elevated procalcitonin level, purulent
secretions in mini-bronchoalveolar lavage fluid (BALF), new
diffuse or localized infiltration in a chest X-ray or CT scan
and a decreased ratio of partial pressure of arterial oxygen
to the fraction of inspired oxygen of <240. Data, including
demographic characteristics, initial clinical presentation, labo-
ratory tests, MV parameters and duration, antibiotic therapy
management, complications and outcomes, were collected
prospectively.

Mini-BALF sampling. Mini-BALF samples were collected
from each eligible patient 0, 5 and 10 days after MV initia-
tion by qualified doctors using sterile tubes (with a diameter
of 5 mm) as previously described. The total volume of
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physiological saline for bronchoalveolar lavage was 10-20
and 7-10 ml of fluid was collected. Each sample was divided
equally into two parts: One part was sent for bacterial culture
immediately and the other part was stored at -80°C. If the
patient developed VAP within 10 days after MV, the stored
mini-BALF samples were tested using PCR/ESI-MS. In addi-
tion to mini-BALF sampling, sputum samples were sent for
routine clinical culture when required.

Routine clinical microbiological culture. Clinical cultures for
fungi, aerobic bacteria and anaerobic bacteria identification
were performed by the hospital laboratory using mini-BALF
samples as previously described (8). A culture was defined
as positive when bacteria were present at a concentration
of =1x10* colony-forming units (CFU)/ml. Culture results
assisted in the therapeutic decision-making of the clinicians.

DNA extraction and PCR/ESI-MS. Total DNA was isolated
from centrifuged cells of each mini-BALF sample using
the QIAamp DNA Mini kit (cat. no. 51304; Qiagen, Inc.)
according to the manufacturer's protocol. PCR/ESI-MS was
performed using a PLEX-ID Broad Bacteria Assay plate (Ibis
Biosciences, Inc.), which was coated with primers, placed
on a plate vibrator at room temperature for 15 min and then
centrifuged at 450 x g for 1 min. Extracted nucleic acids
from mini-BALF samples were loaded into wells in the assay
plate (5 ul/well). The broad bacterial assay uses primer pairs
designed for amplifying a variable region of common clinical
gram-positive and gram-negative bacteria, as well as Candida
spp- The assay plates were sealed and centrifuged (450 x g,
1 min, 4°C) before PCR was performed according to the manu-
facturer's protocol. PCR products were immediately desalted
and then submitted to a PLEX-ID system for mass spectral
analysis (9). In brief, electrospray ionization moves charged
amplicons into a mass spectrometer. Based on the resulting
spectrum, base compositions are algorithmically predicted
and then compared to a reference database for quantitative
identification of bacterial species (10).

PCR/ESI-MS analysis. For each microorganism identified, a
Q-score ranging from O to 1 was reported by the PLEX-ID
system (Abbott Laboratories). The Q-score is calculated
using principal component analysis and represents a relative
measure of the strength of the data supporting the identifica-
tion of a certain pathogen. Microorganisms reported by the
system were considered to be ‘positive’ when the Q-score was
=0.8. ‘Positive’ results from PCR/ESI-MS were compared to
routine cultures (within 30 days) of paired samples as the gold
standard (11). The clinical significance of positive results for
certain bacteria that were negative in paired culture was evalu-
ated by a microbiologist and an ICU physician who reviewed
the medical history and the results of cultures or PCR/ESI-MS
of specimens (e.g., nasal swab, throat swab, sputum or
mini-BALF within 7 days) from the patient (11).

Management of oral bacterial flora detected in the respiratory
tract. Bacterial species identified by culture or PCR/ESI-MS
that were clinically regarded as normal respiratory flora
(including alpha-haemolytic streptococci, coagulase-negative
staphylococci, Neisseria spp., and Candida spp.) were
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Figure 1. Workflow of the sample collection in the present study. MV, mechanical ventilation; BALF, bronchoalveolar lavage fluid; d, day; y, years; VAP,

ventilator-associated pneumonia.

considered to indicate a negative result in the data evaluation
process.

Statistical analysis. Data were presented as the % for categorical
variables and as the mean + SD or median with interquartile
range (25-75%) for continuous variables. Data were analysed
with SPSS version 22.0 (IBM Corp.).

Results

Demographics and clinical information of subjects diagnosed
with VAP. A total of 34 mini-BALF samples from 12 patients
diagnosed with VAP within 10 days after MV were analysed
in the present study (see workflow chart in Fig. 1). The clinical
characteristics of the subjects are summarized in Table I. The
mean age of subjects was 62.8+12.2 years, and 16.7% awere
female. The most common comorbidities were hypertension
and malignant solid tumors.

Agreement of routine clinical culture and PCR/ESI-MS in
mini-BALF samples from VAP patients. At the specimen level,
the concordance (positive as well as negative) between the two
methods was 50% (17/34). Routine clinical culture identified at
least 1 positive isolate in 13 of the 34 mini-BALF specimens
(positive rate, 38.2%), while the PCR/ESI-MS method detected
pathogenic bacteria in 30 of the 34 samples (positive rate,
88.2%) according to the criteria for positivity (see Methods

section). Of note, all of the positive culture specimens were also
identified by PCR/ESI-MS (matched positive: 13/34, 38.2%)
with a positive agreement rate of 100%. However, except for the
4 specimens that were negative by the two methods (matched
negative: 4/34, 11.8%), PCR/ESI-MS identified bacteria in 17
culture-negative specimens (17/34, 50%; negative agreement
rate: 19%; Table II). These results imply that PCR/ESI-MS
was sensitive in identifying bacteria in mini-BALF samples
from ventilated patients at the specimen level.

PCR/ESI-MS has high sensitivity for identifying VAP
bacteria at the species level. A total of 51 bacterial species
were detected in 30 specimens using clinical culture,
PCR/ESI-MS or the two methods (Table III). Routine
clinical culture identified 16 bacterial isolates (16/51, 31.4%)
from 13/34 specimens (Table IIT). Of these, 15 were also
positive on PCR/ESI-MS (positive agreement: 15/16, 93.8%)
and 1 was negative (1/16, 6.2%). The only isolate positive in
culture but negative in PCR/ESI-MS was from one of the 8§
mixed-infection specimens, which included 3 distinct bacte-
rial isolates, while 2 isolates from another mixed-infection
specimen were correctly identified by PCR/ESI-MS. The
positive agreements in simple infection and mixed infection
were 100% (11/11) and 80.0% (4/5), respectively (Table IV),
which suggested that PCR/ESI-MS had notable sensitivity
and it was indicated that it is able to detect specimens with
mixed infections.
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Table I. Clinical characteristics of the patients with VAP
(n=12).

Characteristic Value
Age (years) 62.8 (33-81)
Female gender 2 (16.7)
Diagnosis
MT 4 (30.8)
Esophageal 3(23.1)
Colon 1(7.7)
Trauma 2(154)
Gastrointestinal perforation 2(15.4)
Others® 4 (30.8)
Comorbidity
Diabetes mellitus 1(7.7)
Hypertension 3(23.1)
Arrhythmia 1(7.7)
Surgery 10 (76.9)
WBC (10%/1) 12.98+5.45
PCT (ug/l) 10.13+8.85
Chest X-ray
Infiltration 11 (91.7)
Diffuse infiltration 1(8.3)
Time-point of VAP diagnosis from 7 (3-22)
hospitalization (days)
Days of MV 19.5 (10-80)
Antibiotics prior to MV 5(38.5)
Outcome
Discharge 8 (62)
Deceased 4 (31)

Values are expressed as n (%), mean + standard deviation or median
(range). **Other’ diagnoses include acute epiglottitis, aortic dissec-
tion, subarachnoid hemorrhage and artery thrombosis. MT, malignant
tumor; WBC, white blood cells; MV, mechanical ventilation; PCT,
procalcitonin.

PCR/ESI-MS identifies bacteria possibly missed by routine
culture. PCR/ESI-MS identified 50 bacterial species
from 30 mini-BALF specimens (Table III). As previously
mentioned, 15 of them (15/50, 30%) were positive on the
two methods. However, the other 35 (35/50, 70%) detected
by PCR/ESI-MS did not produce any positive results in
routine culture. It was then assessed whether the bacteria
identified only by PCR/ESI-MS had clinical significance,
i.e. whether they were false-positive on PCR/ESI-MS or
false-negative in routine clinical culture. The results of the
routine culture were compared to those of the other two
of the three sequential mini-BALF specimens or sputum
specimens from the same patient sent by clinicians; 19 of the
PCR/ESI-MS-identified bacterial species (19/35, 54.3%) had
positive results according to the clinical criteria (specified
in the Methods section) and they represented 38.0% of all
50 PCR/ESI-MS reports. Thus, these bacteria were possibly
missed by the routine cultures.
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Table II. Concordance of routine clinical culture and PCR/
ESI-MS in mini-bronchoalveolar lavage fluid samples at the
specimen level (n=34).

Concordance n (%)
Matched (+) 13 (38.2)
Matched (-) 4 (11.8)
Only culture (+) 0(0)
Only PCR/ESI-MS (+) 17 (50)
Overall agreement (%) 50
Positive agreement® (%) 100
Negative agreement® (%) 190

“Positive agreement=Matched positive (n)/[matched positive (n)
+ only culture-positive (n)]; ®°Negative agreement=Matched negative
(n)/[matched negative (n) + only culture-negative (n)]. PCR/ESI-MS,
PCR coupled to electrospray ionization mass spectrometry.

A total of 16 bacterial species that had positive results on
PCR/ESI-MS (16/35, 45.7% of the bacterial species identi-
fied only by PCR/ESI-MS; 16/50, 32% of the total bacterial
species identified by PCR/ESI-MS) were not clinically
significant (Table III). Streptococcus pneumoniae (n=5)
and Haemophilus influenzae (n=3), which are two common
pathogens of community-acquired pneumonia and are less
likely to cause VAP, represented 50% (8/16) of the bacterial
species. In addition, the bacterial species identified only
by PCR/ESI-MS and with clinical significance included
Pseudomonas aeruginosa (n=6), Burkholderia spp. (n=5),
Acinetobacter baumannii (n=4), Klebsiella pneumoniae
(n=3), and Staphylococcus aureus (n=1). The results suggest
that 81.0% (34/42) of the PCR/ESI-MS-identified species
were common VAP pathogens with clinical significance in
mini-BALF samples of mechanically ventilated patients.

Variations in the pathogenic spectrum in patients during
MV. It was attempted to track the alterations in bacterial
composition in the airways of subjects under MV using
two aetiological techniques and their efficiency in terms
of providing a quick pathogenic diagnosis was compared.
Bacterial species determined by either routine culture
or PCR/ESI-MS were used in this longitudinal analysis,
while the results from 2 subjects whose specimens were not
complete were excluded (Fig. 2). When MV started, there
were relatively few positive results for bacteria and the most
common species detected were Streptococcus pneumoniae
and Pseudomonas aeruginosa. As MV continued, the posi-
tive rates of Pseudomonas aeruginosa (7/10) increased
significantly and were highest on day 10, followed by
Acinetobacter baumannii (5/10), Staphylococcus aureus
(3/10), Burkholderia spp. (3/10) and Klebsiella pneu-
moniae (2/10). No fungus other than Candida spp., which
was classified as normal flora, was detected by either of
the two methods. Non-cultivable pathogens, including
Legionella pneumophila or Mycoplasma pneumoniae, did
not reach the positivity criteria of PCR/ESI-MS, which was
possibly due to their low concentration.
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Table III. Bacterial species identified by routine bacterial culture and/or PLEX-ID in 34 mini-bronchoalveolar lavage fluid
specimens from 12 patients diagnosed with ventilator-associated pneumonia.

Bacterial Species

Culture/PCR/ESI-MS

-/+ -/+
(With clinical (Without clinical
+/+ +/- significance) significance)

Acinetobacter baumannii/calcoaceticus 4 0 4 2
Burkholderia ambifaria/viethamiensis 0 0 5 1
Enterobacter aerogenes 1 0 0 0
Enterobacter cloacae 1 0 0 0
Escherichia coli 1 0 0 0
Klebsiella pneumoniae 1 0 3 2
Pseudomonas aeruginosa 6 0 6 1
Staphylococcus aureus 1 1 1 2
Haemophilus influenzae 0 0 0 3
Streptococcus pneumoniae 0 0 0 5
Total 15 1 19 16

PCR/ESI-MS, PCR coupled to electrospray ionization mass spectrometry.

Table IV. Concordance of routine clinical culture and PCR coupled to electrospray ionization mass spectrometry for identified

bacteria.
By bacteria By bacteria By bacteria
(all) (simple infection)® (mixed infection)®

Concordance (n=51) n=43 n=8
Matched positive (n) 15 11 4

Only culture-positive (n) 1 0 1

Only PCR-positive (n) 35 32 3

Overall agreement (%) 294 25.6 50.0
Positive agreement* (%) 93.8 100.0 80.0

sSimple infection: Specimens containing only 1 bacterial isolate; ®Mixed infection: Specimens containing =1 bacterial isolates.
‘Positive agreement=Matched positive (n)/[matched positive (n)+culture positive (n)].

A total of 16 bacteria from 12 subjects were confirmed
as pathogens that cause VAP according to mini-BALF or
sputum cultures (Table V). When the results of sequential
PCR/ESI-MS were examined on days 0, 5 and 10, 7 of
the final VAP pathogens were detected by PCR/ESI-MS
5-20 days prior to the report of routine culture; the other 7
VAP pathogens were detected simultaneously from speci-
mens taken on the same day by using the two methods. Only
2 VAP pathogens were detected first by culture of sputum
specimens sent by clinicians on days 7 and 8 after the second
PCR/ESI-MS test, but the specimens were also positive
in the third PCR/ESI-MS test on day 10. Thus, sequential
PCR/ESI-MS tests on days 0, 5 and 10 were able to identify
the pathogens of VAP in certain subjects earlier than routine
culture (Table V). Of note, in 8 subjects, PCR/ESI-MS even
confirmed VAP pathogens on day 0 and day 5 before any
clinical manifestations occurred. These bacteria already

existed in the respiratory tract of ventilated subjects in the
early days of ventilation and caused pulmonary infection
later. By contrast, routine culture predicted such pathogens
in only 1 patient. In conclusion, sequential PCR/ESI-MS may
not only lead to a pathogenic diagnosis of VAP that is faster
than routine culture but also provide references for clinicians
to select an appropriate initial antibiotic therapy at the time
VAP is diagnosed.

Discussion

Early and appropriate antibiotic therapy is key to improving
outcomes, reducing side effects and lowering treatment costs in
patients with VAP. The identification of bacterial isolates from
clinical specimens by routine culture usually takes 2-3 days. To
overcome the technical delay, novel strategies with high efficiency
and sensitivity are required to provide an aetiological diagnosis
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Table V. Time-points of VAP diagnosis and identification VAP pathogens by routine clinical culture and PCR/ESI-MS.

Case ID Day of diagnosis® Confirmed VAP pathogen® Days of positive culture Day of PCR/ESI-MS positivity
A 4 Pseudomonas aeruginosa 10 10
C 9 Staphylococcus aureus 10 10
D 9 Pseudomonas aeruginosa 10 0
E 5 Acinetobacter baumannii 5 0
F 8 Acinetobacter baumannii 5 5
Pseudomonas aeruginosa 5 5
G 8 Pseudomonas aeruginosa 20 0
I 13 Burkholderia spp. 14 0
Pseudomonas aeruginosa 17 5
J 6 Pseudomonas aeruginosa 7 0
K 3 Acinetobacter baumannii 10 10
Pseudomonas aeruginosa 10 10
Escherichia coli 10 10
L 5 Pseudomonas aeruginosa 7 10
M 3 Klebsiella pneumoniae 10 5
(0] 6 Staphylococcus aureus 6 10

"Days from the initiation of MV; °the bacterial species were considered as a VAP pathogen if newly reported by mini-BALF or sputum culture
after VAP onset and consistent with the clinical manifestations. PCR/ESI-MS, PCR coupled to electrospray ionization mass spectrometry; VAP,
ventilator-associated pneumonia.
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Figure 2. Alterations in bacterial pathogens in patients with VAP identified by PCR/ESI-MS. Mini-BALF samples were collected from 10 subjects diagnosed
with VAP at three time-points (0, 5 and 10 days of mechanical ventilation). Each column indicates the number of mini-BALF samples that were reported to
be bacteria-positive at different time-points of VAP. Culture-positive or PCR/ESI-MS-positive samples were included. The columns were grouped by distinct
bacterial species, indicating the change in positive rates of each bacterial organism in the mini-BALF of VAP patients. BALF, bronchoalveolar lavage fluid;
VAP, ventilator-associated pneumonia; PCR/ESI-MS, PCR coupled to electrospray ionization mass spectrometry.

of VAP. Culture-independent microbiological techniques
developed based on PCR have impressive potential in pathogen
identification for infectious diseases, particularly life-threat-
ening infections including sepsis, bloodstream infection and

pneumonia (12-15). As one of these techniques, PCR/ESI-MS
has been reported to improve microbiological detection in blood
and respiratory specimens (11,15,16), as well as samples from
patients already receiving antibiotics (17). However, in contrast
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to those on blood samples, prospective studies on the clinical
value of PCR/ESI-MS for evaluating BALF specimens in
patients with suspected VAP are limited.

In the present study, the effectiveness of PCR/ESI-MS in
examining mini-BALF samples of patients with suspected
VAP was evaluated. The results confirmed the high sensitivity
of PCR/ESI-MS in that all routine culture-positive specimens
were also positive on PCR/ESI-MS with high accuracy for
the bacterial species identified (93%). Only one exception was
observed with a positive culture result paired with a nega-
tive PCR/ESI-MS result, which was observed with a sample
containing two other species mixed in the same specimen,
suggesting that there may be interference from two coexisting
bacterial species. Other studies of mini-BALF samples reported
a sensitivity of 91.7% in patients suspected to have VAP (17),
and the types of microorganisms identified in 79-100% of
patients with suspected pneumonia or other diseases requiring
mini-BALF sampling exhibited a variation (16,18). Certain
organisms had a higher ‘missed’ rate by PCR/ESI-MS,
including Pneumocystis jirovecii, Actinomyces odontolyticus
and Enterobacter cloacae (17,18), while it was rare that bacte-
rial species that are common pathogens of VAP were missed by
PCR/ESI-MS. Thus, a better bacterial detection performance
may be achieved by screening particular patient groups, e.g.
patients with suspected VAP in whom the causative pathogens
are relatively focused. In summary, the good sensitivity and
negative predictive value confirmed PCR/ESI-MS to be valu-
able for ruling out ventilation-associated infection.

In addition to the long time required by routine cultures,
the negative results from routine microbiological cultures in
patients with suspected VAP remain a challenge for clinicians.
Routine cultures tend to be negative when the concentration or
activity of microorganisms is low. Treatment with antibiotics
prior to sampling affects the sensitivity of the culture. By
contrast, PCR-based methods specifically detect nucleic acids
in specimens, regardless of the microbial activity. The diag-
nostic value of PCR-based techniques in culture-negative cases
has been reported (14,19,20). According to previous studies,
the limit of detection using PCR/ESI-MS was ~16 CFU/ml
and 1x10% to 1x10* genome copies per ml, indicating that the
sensitivity is much higher than that of culture-based quantita-
tive microbiology (21) and matrix-assisted laser desorption
ionization-time of flight/MS techniques (9). In the present
study, PCR/ESI-MS detected =1 bacterial species from 50%
of the total specimens. Further investigation revealed that
68% (34/50) of bacteria only positive on PCR/ESI-MS were
confirmed by paired mini-BALF cultures or routine culture of
other mini-BALF or sputum specimens from the same patient
within 7 days and clinical manifestations. Of note, in contrast
to the low positive prediction (0/8) of common community
acquired pneumonia pathogens (Streptococcus pneumoniae
and Haemophilus influenzae), the percentage of common
VAP bacteria identified by PCR/ESI-MS was 81% (34/42).
It may be speculated that common VAP bacteria detected
by PCR/ESI-MS with negative culture results were missed
in routine clinical culture despite their proliferation activity
and their pathogenicity cannot be confirmed. These results
highlight the complementary role of PCR/ESI-MS as an
informative microbiological test in patients with suspected
VAP, particularly in culture-negative cases.
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The present study differs from previous studies, as serial
mini-BALF specimens were collected from ventilated patients
and compared the microorganisms reported by PCR/ESI-MS
prior to the onset of VAP, and the final aetiological diagnosis
of VAP was confirmed by routine culture. It was hypothesized
that due to its high-throughput feature, PCR/ESI-MS may
rapidly detect variations in the respiratory microbiota of venti-
lated patients; thus, regular monitoring of mini-BALF is able
to predict the pathogens that may cause VAP. In the patient
cohort, the presence of several bacterial species, including
Pseudomonas aeruginosa, Acinetobacter baumannii, and
Staphylococcus aureus, was increased and these species were
reported to mutually exclude other community members (21).
In 10/12 subjects, PCR/ESI-MS reported VAP pathogens
no later than routine culture. Of note, in 5 subjects, the final
VAP pathogen was identified by PCR/ESI-MS before VAP
occurred. The results are consistent with a previous study
indicating the presence of a microbiologically positive
pathogen burden prior to the clinical diagnosis of VAP (20).
Monitoring mini-BALF using highly sensitive methods in
ventilated patients may improve patient outcomes.

The present study has certain limitations. First, ventilated
patients who did not develop VAP were not included. Thus, it
cannot be confirmed whether VAP pathogens detected using
PCR/ESI-MS indicate an elevated risk for VAP. Initiation of
antibiotic therapy based on the PCR/ESI-MS results in subjects
without any manifestations of VAP may lead to overmedica-
tion. Further evidence is needed to determine if a prophylactic
antibiotic is beneficial in asymptomatic ventilated patients with
highly pathogenic species detectted in BALF by PCR/ESI-MS.
Second, pathogen isolation by routine microbiological cultures
is regarded as the gold standard, however, it is not very sensi-
tive. Some pathogens detected by RT-PCR/ESI-MS specimens
detected by could not be confirmed or thoroughly ruled out.
Furthermore, the PCR/ESI-MS tests were performed together
at the end of the study, and therefore, it was not possible to
observe the possible benefits of rapid PCR/ESI-MS reports.
Additional prospective studies are required to evaluate its
effects on clinical outcomes.

In conclusion, PCR/ESI-MS has the potential to accel-
erate the aetiological diagnosis of VAP within 6 h and predict
the bacterial species that tend to cause VAP prior to clinical
diagnosis. Regular respiratory specimen monitoring using
PCR/ESI-MS has possible clinical benefits for ventilated
subjects by guiding appropriate and adequate initial antibiotic
therapy to achieve better outcomes and decrease the use of
broad-spectrum antibiotics to reduce costs and side effects.
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