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Microbial investigations in throat swab and tracheal aspirate
specimens are beneficial to predict the corresponding
endotracheal tube biofilm flora among intubated
neonates with ventilator-associated pneumonia
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Abstract. Ventilator-associated pneumonia (VAP) is a
common nosocomial infection in neonatal intensive care
units with high morbidity and mortality. Bacterial biofilm in
the endotracheal tube (ET) provides a notable and persistent
source of pathogens that may cause VAP, and thus is impor-
tant for VAP detection. However, during intubation microbial
investigations in ET, samples are unavailable due to the
infeasibility of collecting ET samples during intubation of
neonates. It is therefore of great importance to find alternative
sources of samples that can help identify the ET biofilm flora.
In the present study, the microbial signatures of throat swabs
and tracheal aspirates were compared with ET biofilm samples
from VAP neonates using 16S ribosomal RNA gene poly-
merase chain reaction, denaturing gradient gel electrophoresis
(DGGE), cloning and sequencing. Sequences were assigned
to phylogenetic species using BLAST. Microbial diversity and
richness among the three types of specimens were compared
based on their DGGE fingerprints, and taxonomic character-
istics based on the BLAST results. The microbial richness
and diversity of ET biofilms were similar to tracheal aspirate
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yet significantly different from throat swab samples (P<0.05).
Compared with ET biofilms, the overall constituent ratio of
microflora was significantly different in throat swab and
tracheal aspirate samples (P<0.05). However tracheal aspirate
samples were useful for predicting Staphylococcus sp. in
ET biofilms with a sensitivity of 85.7% and a specificity of
83.3%. The sensitivity for the combination of tracheal aspirate
and throat swab samples to detect Staphylococcus sp. in ET
biofilms was 100%. The detection of Pseudomonas sp. in
throat swabs assisted its identification in ET biofilms (sensi-
tivity 33.3% and specificity 100%). The results of the present
study suggest that microbial investigations in throat swab and
tracheal aspirate samples are beneficial for identifying the ET
biofilm flora. There may therefore be clinical applications of
using substituent samples to identify pathogens in ET biofilms
for VAP surveillance among intubated neonates.

Introduction

Ventilator-associated pneumonia (VAP) is a common compli-
cation among mechanical ventilated neonates in neonatal
intensive care unit (NICU). It has been reported that VAP is the
second most frequent nosocomial infection among patients in
the pediatric intensive care unit (PICU) (1), and is the leading
cause of death among ventilated patients (2). The incidence of
VAP in NICU is even higher than that in PICU (3). A previous
meta-analysis on neonatal VAP in China reported that the total
weighted incidence and case fatality rates of VAP in NICU
were 42.8% (95% confidence interval; 39.8-45.9%) and 16.4%
(95% confidence interval; 13.8-18.9%), respectively (4). In
spite of the high mobility and mortality, studies addressing
neonatal VAP are limited in the literature (3). Thus, VAP in
NICU remains a serious public health issue that endangers the
lives of critically ill neonates.

Within 24 h following intubation, a polymicrobial biofilm
harboring potential pathogens forms on the inner surface of
the endotracheal tube (ET) (5-7). Bacterial biofilm cells are
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able to detach from the surface of the ET and travel to the
lower airway due to gas flow during continuous ventilation (5),
thus promoting VAP microbial persistence and consequently
affecting patient prognosis (7,8). Therefore, biofilms are
crucial in the pathogenesis of VAP and a better understanding
of biofilms, especially the biofilm flora, is required. However,
studies on ET biofilm flora among intubated neonates are
scarce. Furthermore, due to concerns for patient safety and the
fact that reintubation itself carries a significant risk of neonatal
VAP (3), ETs are not able to be extubated during intubation.
The majority of ET samples are only available at the time of
extubation (9-11), which means that the microbial signatures
of ET biofilms prior to extubation are unknown. Therefore,
identifying substituent samples to investigate microbiota in ET
biofilms is beneficial to identify the floral risk factors associ-
ated with VAP. Specimens, such as throat swabs and tracheal
aspirates, are able to be obtained at different times during
intubation. Furthermore, it has been reported that a vast range
of identical and potential pathogens are found in upper and
lower respiratory tract (12,13), and ET is the conduit between
them. This indicates a potential consistence of microorgan-
isms among throat swab, tracheal aspirate and ET biofilms,
which means that tracheal aspirates and throat swabs may be
the substituents of ET biofilms. A previous study demonstrated
that nose swabs, throat swabs and sputum samples were able
to predict the presence of several nosocomial pathogens in ET
biofilms among intubated adults (14). However, this remains
to be investigated in other populations, in particular intubated
neonates. Furthermore, the previous study only addressed
several nosocomial pathogens based on culture results (14).
Culture dependent methods typically fail to recover and grow
all biofilm cells from implanted medical devices, and there-
fore lack sensitivity for the detection of microflora (10,15).
Culture-independent methods based on microbial 16S ribo-
somal RNA (rRNA) genes overcome the limitation of culture,
and allow a more comprehensive understanding of human
microbiome (16). Denaturing gradient gel electrophoresis
(DGGE) is a culture-independent method that facilitates rapid
analyses and comparisons of microbial communities (17), and
is simpler and less expensive than other culture-independent
methods. DGGE has been widely applied in microbiological
studies (9,17,18), such as a recent study among intubated
adults, which reported a considerable biofilm compositional
complexity based on DGGE (9). However, to the best of our
knowledge similar studies among neonatal patients are scarce,
particularly those with VAP.

The present study utilized polymerase chain reaction
(PCR)-DGGE to characterize the microbial communities in
ET biofilms, throat swabs and tracheal aspirate samples of
intubated neonates with VAP. The aim of the present study
was to test the consistency of microbial communities among
the three sources of specimens based on a culture-independent
approach, thereby identifying alternatives for the surveillance
of microbial profiles and potential pathogens in ET biofilms
during intubation of intubated neonates.

Materials and methods

Patients. The study period ran from January to December 2014.
A total of 15 mechanically ventilated neonates with VAP at
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the Children's Hospital of Chongqing Medical University
(Chongqing, China) were included in the present study. VAP
was diagnosed according to the accepted VAP criterion
defined by the Centers for Disease Control and Prevention
of America (19,20). Of the 15 intubated neonates with VAP
included in the present study, 8 (53.3%) were male and
7 (46.7%) were female (Table I). The gestational age of the
study patients ranged from 28.6-41.3 weeks, including 10
(66.7%) premature infants. A total of 8 (53.3%) of the study
patients were diagnosed with neonatal respiratory distress
syndrome, followed by asphyxia neonatorum (20.0%; Table I).
The length of intubation ranged from 2-10.9 days, with a
median of 5.8 days (Table I). Prior to extubation, antibiotics
(moxalactam) were administered among all the study patients
for a range of 1-13 days, with a median of 5.4 days (Table I).

Study samples. The ET was collected immediately following
extubation and stored in sterile PBS at 4°C. Vortex and sonica-
tion were conducted to release biofilms from the inner surface
of the endotracheal tube as previously described (9). Prior to
extubation, throat swabs and tracheal aspirates were collected
and processed as previously described (14). The three types
of specimen from each patient were collected and processed
on the same day. Microbial DNA was extracted using a
Mini BEST Bacterial Genomic DNA Extraction Kit Ver 3.0
(Takara Biotechnology Co., Ltd., Dalian, China) according
to the manufacturer's protocol. The study protocol was
reviewed and approved by the Medical Ethics Committee of
Chongging Medical University (099/2014). Informed consent
was obtained from the parents or legal guardians of the study
patients. Demographic and clinical data were obtained from
medical records and anonymized information was used in the
present study.

PCR-DGGE. The viable V3 region of 16S rRNA gene was
amplified using universal bacterial primers 357f with ‘GC’
clamp (5'-CGCCCGGGGCGCGCCCCGGGCGGGGCG
GGGGCAGGGGCCTACGGGAGGCAGCAG-3") and 518r
(5'-ATTACCGCGGCTGCTGG-3"). The PCR was conducted
as previously described (21). The reaction included 6 ] micro-
bial DNA as template DNA, 25 ul Premix Taq Version 2.0
(TaKaRa Biotechnology Co., Ltd., Dalian, China), 0.5 ul each
primer and 18 ul sterile ddH,0O. Template DNA of sterile
ddH,O was regarded as the negative control. The reaction
conditions were as follows: Initial denaturation at 94°C for
5 min, 10 cycles of denaturation at 94°C for 30 sec, annealing
at 61 to 56°C (-0.5°C/cycle), and extension at 72°C for 1 min,
25 cycles of denaturation at 94°C for 30 sec, annealing at
56°C for 30 sec, and extension at 72°C for 1 min, and a final
extension at 72°C for 7 min (21). To evaluate the accuracy of
PCR, the size of amplicons was determined by 2% agarose
electrophoresis and visualized using Benchtop 3UV ultraviolet
transilluminator (Ultra-Violet Products, Ltd., Cambridge, UK).
The 195 bp PCR products were processed for DGGE based
on DCode Universal Mutation Detection System (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Following 16 h of
electrophoresis at 85 V and 60°C, the DGGE gels were stained
using SYBR-Green I (Bioteke Corporation, Beijing, China) for
30 min and scanned using Benchtop 3UV ultraviolet transil-
luminator (UVP, Inc., Upland, CA, USA). Visible bands in the
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DGGE gel were excised, washed twice with sterile ddH,0,
placed in 30 pl sterile ddH,O and incubated at 4°C overnight
to release DNA.

Cloning and sequencing. A second PCR targeting 16S rRNA
gene V3 region was conducted using primers 357f without the
‘GC’ clamp (5'-CCTACGGGAGGCAGCAG-3") and 518r as
previously described (21). The PCR products were purified
using Agarose Gel DNA Purification Kit Version 3.0 (Takara
Bio, Inc., Otsu, Japan). The purified DNA was cloned using the
PMDI8-T Vector system (Takara Bio,Inc.) and transformed into
Escherichia coli DH5a competent cells (Takara Biotechnology
Co., Ltd.). The resulting cells were cultured overnight at 37°C
on Luria-Bertani (LB) medium with ampicillin and positive
clones were selected for sequencing (Biotech Corporation,
Shanghai, China) as described previously (21). Sequences
were assigned and identified to phylogenetic species using
BLAST in NCBI Genbank database (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) with 97% similarity. The PCR experiments
performed were repeated twice.

Diversity and similarity analysis of DGGE fingerprints.
DGGE profiles were analyzed and compared using Quantity
One software (Version 4.6.2; Bio-Rad Laboratories, Inc.).
To evaluate the microbial diversity and richness, the
Shannon-Wiener index and Simpson's index for each sample
were calculated using Bio-Dap software (nhsbig.inhs.uiuc.
edu/wes/populations.html). The band number of each sample
in DGGE images was also analyzed to evaluate the microbial
diversity. Cluster maps of DGGE fingerprints were gener-
ated based on the Dice coefficient using the unweighted pair
group method with arithmetic averages (UPGMA) to assess
the similarity between samples in each DGGE image using
Quantity-One software.

Statistical analysis. To assess the consistency of microflora
in endotracheal tube biofilms with throat swab and tracheal
aspirate, microbial diversity and taxonomic composition were
compared using independent sample t-test, Chi-square test and
Fisher's exact test as appropriate. Sensitivities and specificities
for alternative samples (i.e., throat swab and tracheal aspirate
samples) for the detection of certain taxa in ET biofilms were
also calculated based on the microbiological findings in ET
biofilms. All the statistical analyses were performed using
SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

A total of 8 (53.3%) of the study patients were healed, clinical
symptoms of 6 (40.0%) patients were improved and the
remaining patient succumbed to mortality. Clinical culture
results of tracheal aspirate (following extubation) demon-
strated that 60.0% of patients were culture-positive. Among
those culture-positive subjects, normal flora was the most
frequently identified, accounting for 66.7% (6/9; Table I).

Microbial diversity analysis in the study samples. PCR-DGGE
was successfully performed for all 15 throat swabs and ET
biofilm samples; however 2 (13.3%) tracheal aspirate samples
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Table II. Sequencing results of denaturing gradient gel
electrophoresis bands.

NCBI BLAST Accession

result number Identity (%)
Acinetobacter sp. KR088390.1 99
Bacillus sp. AJ000648.1 99
Burkholderia sp. ABO011288.1 98
Corynebacterium sp. AB012207.1 98
Klebsiella sp. KP645384.1 100
Pseudomonas sp. HQ268805.1 99
Rothia sp. KC632201.1 99
Staphylococcus sp. KT277495.1 100
Streptococcus sp. KM?225751.1 100
Ureaplasma sp. AF073457.1 100

failed to generate a positive PCR result. The DGGE fingerprints
for the three types of specimens are displayed in Fig. 1. No
significant difference between the three sources of specimens
was found in the Dice coefficients in UPGMA based cluster
maps (Fig. 1), with no significant differences in the microbial
similarity among the three types of samples. Shannon-Wiener
index, Simpson's index and band number of tracheal aspirate
samples were similar to those of ET biofilms (Fig. 2), which
indicates a similar level of microbial diversity between the ET
biofilm and tracheal aspirate samples. However, significant
differences were found between throat swab and ET biofilm
samples in the above three indices (P<0.05; Fig. 2).

Taxonomic analysis of microbial community in the study
samples. Atotal of 10 genera were identified in the study samples
(Table II). The overall constituent ratio of microflora differed
significantly in throat swabs and tracheal aspirates compared
with ET biofilm samples (P<0.05; Fig. 3). Notably, four genera
(Pseudomonas sp., Staphylococcus sp., Streptococcus sp. and
Burkholderia sp.) were shared by the three different types of
specimens. Klebsiella sp. was identified in ET biofilm and
tracheal aspirate. As a common pathogen to cause VAP (4),
Klebsiella sp. was also included in the subsequent analysis.
To evaluate the consistency of the detection of identical
taxa, the detection rates of the five common genera in throat
swab and tracheal aspirate were compared with ET biofilms
(Table III). The detection rates of Staphylococcus sp. and
Streptococcus sp. were similar between ET biofilms and the
corresponding tracheal aspirate samples (Table I1I); however,
a significant difference was observed in the detection rate of
Pseudomonas sp. between ET biofilms and the corresponding
tracheal aspirate samples (P<0.05; Table I1I). The detection
rates of Pseudomonas sp. and Streptococcus sp. in throat swab
samples were significantly different from those in ET biofilm
samples (P<0.05; Table I1I).

Sensitivity and specificity for the detection of ET biofilm
flora. To assess the possibility of using throat swabs, tracheal
aspirates and a combination of throat swab and tracheal aspi-
rate samples to predict microbial components in ET biofilms,
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Figure 1. DGGE fingerprints and cluster maps of the (A) throat swab, (B) endotracheal tube biofilm and (C) tracheal aspirate samples from 15 patients.
(a) Shows the DGGE fingerprints and (b) shows its corresponding cluster maps. Dice coefficients were shown in the clusters maps (b) to assess the similarities

between samples. DGGE, denaturing gradient gel electrophoresis.

their sensitivities and specificities were calculated to detect
the five genera in ET biofilms (Table IV). For the detection of
Staphylococcus sp. in ET biofilms, the sensitivity for tracheal
aspirate samples was 85.7%, which was higher than that for
throat swab samples (37.5%; Table IV). Furthermore, the
sensitivity for the combination of tracheal aspirate and throat
swab samples for Staphylococcus sp. detection in ET biofilms
was 100% (Table I'V). Although the sensitivity of throat swab
samples for detecting Pseudomonas sp. in ET biofilms was
33.3%, the specificity was 100% (Table IV). The sensitivities
to detect Klebsiella sp. were low in all the three groups (i.e.,
throat swab, tracheal aspirate and combined throat swab and
tracheal aspirate groups; Table IV). The sensitivities to detect
Streptococcus sp. in all the three groups were high; however
the corresponding specificities were low (Table IV).

Discussion

ET biofilm is an important source in facilitating bacterial
contamination of the lower airway (10,22) and so is critical
for VAP surveillance. To the best of our knowledge, this is the
first study to address the consistency of microbial signatures

in ET biofilms and the corresponding throat swab and tracheal
aspirate samples using a culture-independent approach among
newborns. There were four major findings of the present study.
Firstly, the microbial richness and diversity of ET biofilms
were similar to tracheal aspirate samples, however signifi-
cantly different from throat swab samples. Secondly, the taxa
composition varied significantly among the three sources of
specimens. Thirdly, tracheal aspirate samples performed well
in the detection of Staphylococcus sp. in ET biofilms, with
a sensitivity of 85.7% and a specificity of 83.3%. Finally,
the detection of Pseudomonas sp. in throat swabs helped its
identification in ET biofilms (sensitivity 33.3% and specificity
100%).

A previous study has demonstrated that decreased micro-
bial diversity may be associated with VAP among intubated
neonates (21), indicating that it is an important measurement
for VAP surveillance. In the present study, the findings of
similar microbial diversity shared by tracheal aspirate and ET
biofilm samples suggests that the microbial diversity profile
of ET biofilms may be evaluated using the corresponding
tracheal aspirate samples instead. However, throat swab
samples harbored a significantly higher microbial diversity



PAN et al: MICROFLORA IN THROAT SWAB, TRACHEAL ASPIRATE AND ET BIOFILM OF NEONATES

1455

Table III. Detection rates of the five common genera among throat swab, ET biofilm and tracheal aspirate specimens respectively

in the present study.

Throat swab, ET biofilm, Tracheal aspirate,
Genus detection rate (%) detection rate (%) P-value® detection rate (%) P-value®
Staphylococcus 5/15 (33.3) 8/15(53.3) 0.27 7/13 (53.8) 0.98
Klebsiella 0/15 (0.0) 7/15 (46.7) 0.06¢ 3/13 (23.1) 0.25¢
Pseudomonas 4/15 (26.7) 12/15 (80.0) <0.01 1/13 (7.7) <0.01
Burkholderia 6/15 (40.0) 7/15 (46.7) 0.71 8/13 (61.5) 0.43
Streptococcus 15/15 (100.0) 9/15 (60.0) 0.02¢ 8/13 (61.5) 093

Statistical analysis performed using Chi-square analysis between throat swab and ET biofilm samples; "Statistical analysis performed using
Chi-square analysis between tracheal aspirate and ET biofilm samples; “Statistical analysis performed using Fisher exact test. ET, endotracheal

tube.
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Figure 2. Comparisons of Shannon-Wiener index, Simpson's index and band number of throat swab, ET biofilm and tracheal aspirate samples. Significant
differences were observed in (A) Shannon-Wiener index, (B) Simpson's index and (C) band number between throat swab and ET biofilm samples. "P<0.05

vs. ET biofilm. ET, endotracheal tube.

and richness than ET biofilms, which indicates that they are
not suitable as a substitute to represent the microbial diversity
and richness of ET biofilm samples.

In the present study, the presence of Staphylococcus sp.
was found to be similarly distributed in tracheal aspirate
samples and ET biofilms. Furthermore, the sensitivity and
specificity to detect Staphylococcus sp. in ET biofilms
by tracheal aspirate samples were high (85.7 and 83.3%,
respectively, Table IV). It is well known that common VAP
pathogen Staphylococcus aureus and nosocomial pathogen
Staphylococcus epidermidis are important members of
Staphylococcus sp., especially Staphylococcus aureus (4). A
review based on the results of the SENTRY Antimicrobial
Surveillance Program (1997-2008, 31,436 cases) reported
that Staphylococcus aureus was the most common causative
pathogen (28%) in VAP (22). Therefore, the detection of
Staphylococcus sp. is important and may be useful for VAP
diagnosis and treatment. The findings of the present study
suggest that the detection of Staphylococcus sp. in tracheal
aspirate may predict its presence in ET biofilms among intu-
bated neonates.

Previous studies have reported a high concordance of
bacterial culture results between tracheal aspirate samples and
ET biofilms (8,23). For example, in a previous study conducted
among adults undergoing mechanical ventilation in Spain,
identical microorganisms with ET biofilms were isolated
in 56% of tracheal aspirate samples (8). However, based on

a culture-independent approach, the results of the present
study demonstrated that the overall microbial composition
was different in tracheal aspirates compared with ET biofilm
specimens in neonates with VAP, with a significant differ-
ence in the presence of Pseudomonas sp. between tracheal
aspirate and ET biofilm samples (Table III). This suggests that
microflora in tracheal aspirate samples may not entirely repre-
sent all the microbial components correctly in ET biofilms.
Pseudomonas sp. is considered to be a common and important
nosocomial pathogen to cause VAP (4). The findings of the
present study suggest that the presence of Pseudomonas sp. in
tracheal aspirate has little predictive value of its presence in
ET biofilms. This may possibly be due to the distinct differ-
ence in responses to systemic antibiotics between planktonic
and biofilm microorganisms. Bacteria in tracheal aspirates
are present as a planktonic form, which are exposed to anti-
biotics and more likely to be killed. However, bacteria in ET
biofilms are considered to be drug-resistant and free from
systemic antibiotics (8,24), which may lead to the disparity in
the levels of Pseudomonas sp. in the two different types of
samples. The similar constituent ratio of Staphylococcus sp.
between tracheal aspirate and ET biofilms suggests the pres-
ence of drug-resistant Staphylococcus sp. strains in tracheal
aspirate in the study samples. This is consistent with several
epidemiological studies conducted in China demonstrating the
relatively high drug-resistant rate of Staphylococcus sp. strains
in NICU 4,25).
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Table IV. Sensitivity and specificity to detect the five major genera in endotracheal tube biofilms for the corresponding throat
swab, tracheal aspirate and the combination of throat swab and tracheal aspirate samples, respectively.

Sensitivity (%) Specificity (%)
Genus T A T+A T A T+A
Staphylococcus 375 (3/8) 85.7 (6/7) 100.0 (8/8) 714 (5/7) 83.3 (6/6) 714 (5/7)
Klebsiella 0.0 (0/7) 28.6 (2/7) 28.6 (2/7) 100.0 (8/8) 87.5 (7/8) 87.5 (7/8)
Pseudomonas 33.3 (4/12) 9.1 (1/11) 33.3 (4/12) 100.0 (3/3) 100.0 (2/2) 100.0 (3/3)
Burkholderia 57.1 (4/7) 50.0 (3/6) 85.7 (6/7) 75.0 (6/8) 28.6 (2/7) 37.5(3/8)
Streptococcus 100.0 (9/9) 62.5 (5/8) 100.0 (9/9) 0.0 (0/6) 40.0 (2/5) 0.0 (0/6)
T, throat; A, aspirate.
* *
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Figure 3. Composition ratio of the genera among throat swab, ET biofilm and tracheal aspirate samples. Significant differences were shown in the composition
ratio of the genera between ET biofilm and throat swab, and between ET biofilm and tracheal aspirate samples. "P<0.05 vs. ET biofilm. ET, endotracheal tube.

Unlike healthy patients (26), gram-negative bacilli such
as Pseudomonas aeruginosa are typically observed in the
oropharynx of critically ill hospitalized patients (22,27). These
bacilli are gram-negative and are considered to be associated
with the onset of nosocomial pneumonia (28). Although a
statistical difference was observed in the constitute ratio of
Pseudomonas sp. between throat swab and ET biofilm samples
in the present study, it was also noted that of the 4 patients with
Pseudomonas sp. present in throat swab, Pseudomonas sp.
was also identified in the corresponding ET biofilms, with a
specificity of 100%. This suggests that throat swabs may have a
potential role in facilitating the detection of Pseudomonas sp.
in ET biofilms. Feldman et al (23) reported the time sequence

of bacterial colonization in VAP patients, and demonstrated
that potential pathogens first colonized the oropharynx and
then the lower respiratory tract. Therefore, there may be a high
consistency of bacteria between oropharynx and ET biofilms
in the early stages of VAP. To confirm this, the study isolates
were classified into early-onset VAP (intubated for <5 days) and
late-onset VAP groups (intubated for =5 days), and found the
sensitivity for throat swab samples to detect Pseudomonas sp.
in ET biofilms was higher among early-onset VAP (60.0%)
subjects than the late-onset subjects (14.3%). Therefore, the
detection of Pseudomonas sp. in throat swabs may be helpful
to predict its presence in ET biofilms of intubated neonates,
particularly for early-onset VAP patients.
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Significant differences were observed in the detection
of Streptococcus sp. between throat swab and ET biofilm
samples in the present study (P<0.05). These results suggest
that throat swab samples are not useful for the identification of
Streptococcus sp in ET biofilms. As the common colonizers
in the oropharynx, Streptococcus sp. is dominant in the
oropharynx among infants (29). The results of the present study
confirmed this, with the detection rate of Streptococcus sp.
being 100.0% in throat swab samples. Simultaneously, the
prevalence of Streptococcus sp. in ET biofilms was found to
be 60.0%, which suggests Streptococcus sp. in ET biofilms
may originate from the oropharynx. It has been reported that
Streptococcus sp. enhanced biofilm formation of other nosoco-
mial pathogens such as Pseudomonas aeruginosa (30), which
is associated with the progression of VAP. The results of the
present study indicate the possible source of Streptococcus sp.
in ET biofilms among intubated neonates and suggest the
need to develop strategies against Streptococcus sp. in the
oropharynx to prevent VAP among intubated neonates.

It has been reported that combined culture results of throat
swab, nose swab and sputum increases the sensitivity to detect
nosocomial pathogens in ET biofilms compared with results
from a single sample in intubated adults (14). In the present
study, the performance of a combination of throat swabs and
tracheal aspirates was assessed to identify potential pathogens
in ET biofilms (Table IV). The combination of samples indeed
raised the sensitivity, however, decreased the specificity, which
impedes its further application.

The present study has some limitations. Firstly, the
samples size of the present study is small; however, it provides
the preliminary microbial data for neonatal VAP based on the
comprehensive culture-independent method. These findings
need to be confirmed and generalized using a larger sample
size of intubated neonates. Secondly, due to the limited resolu-
tion of the 16S rRNA gene V3 region, the resulting sequences
are only able to be identified and assigned to the genus level.
As a result, further taxonomic information at species level is
not provided.

In conclusion, the present study extended the knowledge
base of the microbial characteristics of intubated neonates
with VAP. The results suggest that microbial investigations
in throat swab and tracheal aspirate samples are beneficial to
investigate microbial profile and identify potential pathogens
in ET biofilms among intubated neonates, and suggest that
there are potential applications of using substituent samples
to investigate microbial signatures in ET biofilms for VAP
surveillance in NICU.
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