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Abstract 

Background:  Ventilator associated pneumonia (VAP) caused by more than one microorganisms is not uncommon 
and may be potentially challenging, but the relevant data is scarce in ventilated neonates. We aimed to investigate 
the clinical characteristics and outcomes of polymicrobial VAP in the neonatal intensive care unit (NICU).

Methods:  All neonates with definite diagnosis of VAP from a tertiary level neonatal intensive care unit (NICU) in Tai‑
wan between October 2017 and September 2020 were prospectively observed and enrolled for analyses. All clinical 
features, therapeutic interventions and outcomes were compared between the polymicrobial VAP and monomicro‑
bial VAP episodes. Multivariate regression analyses were used to find the independent risk factors for treatment failure.

Results:  Among 236 episodes of neonatal VAP, 60 (25.4%) were caused by more than one microorganisms. Polymi‑
crobial VAP episodes were more likely to be associated with multidrug-resistant pathogens (53.3% versus 34.7%, 
P = 0.014), more often occurred in later days of life and in neonates with prolonged intubation and underlying 
bronchopulmonary dysplasia. Otherwise most clinical characteristics of polymicrobial VAP were similar to those of 
monomicrobial VAP. The therapeutic responses and treatment outcomes were also comparable between these two 
groups, although modification of therapeutic antibiotics were significantly more common in polymicrobial VAP epi‑
sodes than monomicrobial VAP episodes (63.3% versus 46.2%; P < 0.001). None of any specific pathogens was signifi‑
cantly associated with worse outcomes. Instead, it is the severity of illness, including presence of concurrent bactere‑
mia, septic shock, and requirement of high-frequency oscillatory ventilator and underlying neurological sequelae that 
are independently associated with treatment failure.

Conclusions:  Polymicrobial VAP accounted for 25.4% of all neonatal VAP in the NICU, and frequently occurred in neo‑
nates with prolonged intubation and underlying bronchopulmonary dysplasia. In our cohort, most clinical features, 
therapeutic responses and final outcomes of neonates with monomicrobial and polymicrobial VAP did not differ 
significantly.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  jeff0724@gmail.com
†Hsiao-Chin Wang and Ming-Horng Tsai contribute equally to this study
1 Division of Pediatric Neonatology, Department of Pediatrics, Chang 
Gung Memorial Hospital, Taoyuan, Taiwan
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-021-06673-9&domain=pdf


Page 2 of 9Wang et al. BMC Infect Dis          (2021) 21:965 

Introduction
Ventilator-associated pneumonia (VAP) accounts for 
one-fifth to one-fourth of healthcare associated infec-
tions (HAIs) in the neonatal intensive care unit (NICU), 
and is very difficult to have the confirmed diagnosis [1, 
2]. VAP is confirmed in approximately 15–20% of criti-
cally ill/premature neonates who have intubation for 
more than 48  h [1–4], and the reported mortality rate 
was around 9.3–16.4% in recent studies [5–7]. Although 
the causative pathogens are associated with the hospital 
course and duration of mechanical ventilation, gram-
negative bacilli account for the majority of VAP in the 
NICU [6–9]. VAP is associated with significant morbid-
ity due to prolonged requirement of ventilation and an 
increased risk of subsequent another episode of HAI [8, 
9]. In addition, increased hospital costs and resource use 
are also noted in neonates with VAP [9–11].

Previous studies in both adult and pediatric ICUs found 
25–40% of all VAP episodes are caused by more than one 
microorganism [9, 12–14]. Polymicrobial VAP is sup-
posed to cause therapeutic challenge, especially when 
neonates have previous broad-spectrum antibiotic expo-
sure or endotracheal colonization of multidrug-resistant 
(MDR) pathogens [15, 16]. Currently no relevant studies 
have been conducted to investigate the demographics 
and clinical outcomes of neonates developing polymi-
crobial lung infection. In addition, previous studies are 
limited by retrospective design and sometimes uncertain 
cases of colonization or true infection [1, 2, 9]. Therefore, 
to ascertain the epidemiologic aspects and clinical fea-
tures of polymicrobial VAP in neonates, we conducted 
a prospective study with consecutive neonates receiving 
intubation for ≥ 48  h, in whom VAP was confirmed by 
strict diagnostic criteria of the Centers for Disease Con-
trol and Prevention (CDC) [1, 17].

Methods
Patients, study design and setting
Between October 2017 and September 2020, all neo-
nates with mechanical intubation for more than 48 h in 
the NICUs of Chang Gung Memorial Hospital (CGMH) 
were prospectively observed and followed if they had 
clinical symptoms and signs of VAP. The NICUs of 
CGMH contain a total of three units. The total capacity 
is 49 beds equipped with ventilator and 58 beds of special 
care nurseries. This study was supported by the CGMH 
research foundation to investigate the clinical appli-
cation and diagnostic accuracy of nonbronchoscopic 

bronchoalveolar lavage (NBBAL) in neonatal VAP. The 
standard endotracheal aspiration for culture of the aspi-
rate samples was performed in all neonates with clinically 
suspected VAP. However, all these patients were rand-
omized and only some of them received NBBAL exami-
nation [18]. We used the NBBAL procedure because it is 
applicable in extremely preterm neonates and has been 
proven safe and high diagnostic accuracy [18, 19]. This 
study was approved by the Institutional Review Board 
of CGMH, and written informed consent was obtained 
from parents of the neonates prior to be enrolled in this 
study.

Definition
The updated diagnostic criteria of the CDC for neona-
tal VAP (Additional file  1: Table  S1) was applied in this 
study [1, 17]. All neonates with clinically suspected VAP 
who fulfilled the clinical, radiological, and laboratory, 
and microbiological criteria of VAP were enrolled and 
prospectively observed. Neonates who did not received 
NBBAL and only sputum cultures were available were 
enrolled because the CDC diagnostic criteria permit 
the diagnosis of “Clinically defined pneumonia” which 
is based only on clinical features and radiological images 
without documentation of any isolated pathogen [1, 19]. 
Polymicrobial VAP was defined as more than one patho-
genic microorganism identified from a single set of spu-
tum culture. Only the first episode of VAP in each patient 
was considered in the analysis.

We defined the use of ampicillin/sulbactam or oxacil-
lin plus gentamicin or ceftriaxone as first-line antibiotics 
[20]. Resistance to first-line antibiotics was considered 
when the causative microorganism was resistant or one 
of the isolated bacterial strains in polymicrobal VAP 
cases was resistant to one of these antibiotics. Antibi-
otic susceptibility patterns were determined according 
to methods recommended by the National Committee 
for Clinical Laboratory Standards Institute (CLSI) for 
the disk diffusion method and categorical assignment 
was performed using CLSI breakpoints [21]. Multidrug-
resistant (MDR) pathogens were defined as the bacterial 
strain is resistant to at least one agent in three or more 
of the following antimicrobial categories: carbapenems 
(imipenem and meropenem); penicillins (piperacillin, 
ticarcillin and piperacillin/tazobactam); broad-spectrum 
cephalosporins (ceftazidime and cefepime); monobac-
tams (aztreonam); aminoglycosides; and fluorquinolones 
[22, 23].

Keywords:  Ventilator-associated pneumonia, Respiratory failure, Neonates, Multidrug resistant pathogens, Broad-
spectrum antibiotics
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All comorbidities of prematurity, including pulmonary 
hypertension, respiratory distress syndrome, neurological 
sequelae, bronchopulmonary dysplasia (BPD), necrotiz-
ing enterocolitis, short bowel syndrome and periven-
tricular leukomalacia were based on the latest updated 
diagnostic criteria in the standard textbook of neonatol-
ogy [24]. Onset of VAP was defined when the chest X-ray 
imaging was performed and endotracheal aspirates and/
or NBBAL was performed. Inappropriate empirical anti-
biotics were considered when one of the bacteria strains 
was resistant to the initial empirical treatment [25].

Data collection
Patient demographics, clinical parameters at VAP onset, 
therapeutic interventions, responses to treatment and 
outcomes were prospectively collected for all neonates 
with clinically diagnosed VAP. The empiric antibiotics 
depended on the decision of attending physician, but 
therapeutic antibiotics usually will be modified accord-
ing to the culture results. Severity of illness was evalu-
ated at the onset of each VAP episode using the neonatal 
therapeutic intervention scoring system (NTISS) [26]. 
All patients were followed until discharge or death. The 
case was excluded if the patient was transferred to other 
hospital and the final outcome was unknown. The admin-
istration of any antibiotics for at least three days during 
the one month preceding the VAP event was defined as 
antibiotic exposure and recorded.

Statistical analysis
Parametric variables are expressed as mean (stand-
ard deviation, SD) and continuous variables with non-
parametric distributions are expressed as median 
(interquartile range, IQR). Comparisons between con-
tinuous variables of two subgroups were analyzed using 
paired Student’s t-test and the paired Wilcoxon rank sum 
tests. Categorical variables were compared with Chi-
square tests or Fisher’s exact tests. All p-values were two 
tailed, and p-values < 0.05 were considered to be statisti-
cally significant. All statistical analysis was performed 
using SPSS (version 21.0; IBM, Armonk, NY).

We considered all potential microorganisms isolated 
from the culture of NBBAL fluid regardless of the num-
ber of CFU per milliliter as the causative pathogens 
of VAP. Subgroup analyses were performed between 
monomicrobial VAP episode and polymicrobial VAP 
episode. The primary outcomes were VAP attributable 
mortality and final in-hospital mortality. Because we 
aimed to investigate the impacts of therapeutic antibiot-
ics on the outcomes, the secondary outcome was treat-
ment failure of the VAP episodes. Treatment failure of 
VAP included neonates who died directly due to VAP, 
those required therapeutic antibiotics for more than 

two weeks, progression to bacteremia, and clinical dete-
rioration occurred even after 7-days effective antibiotic 
treatment. Therefore, risk factors of treatment failure in 
neonatal VAP were identified using univariate and mul-
tivariate logistic regression analyses. All variables with 
P values < 0.1 were enrolled into the multivariate logistic 
regression model.

Results
Epidemiology of VAP and the microorganisms
During the study period, 236 (28.0%) of 844 critically ill 
or preterm neonates who had intubation for more than 
48  h were found to have experienced at least one VAP 
episode during hospitalization. The median (interquartile 
range, IQR) gestational age (GA) and birth body weight 
(BBW) of this cohort were 26.0 (25.0–28.0) weeks and 
871.0 (720.0–1080.0) g, respectively. Significantly more 
male patients than female patients were noted (a male/
female ratio of 1.51:1) in this cohort. These patients had 
a total of 27,284 neonates-ventilator days, and the inci-
dence rate of VAP was 8.7 episodes/per 1000 neonates-
ventilator days. All these VAP cases were prospectively 
followed until discharge or death. The median (IQR) time 
of VAP onset was 30.0 (19.0–48.5) days of life.

Among the 236 patients for whom the definite diag-
nosis of VAP had been confirmed, 176 (74.6%) had 
monomicrobial infections and 60 (25.4%) had at least two 
bacteria isolated from pulmonary specimens. In polymi-
crobial VAP, 54 (90.0%) had two bacteria present and 6 
(10.0%) had three bacteria present. A total of 302 bacte-
ria were grown in cultures at significant concentrations 
for the 236 episodes of VAP. Gram-negative bacilli and 
gram-positive cocci accounted for 215 (71.2%) and 87 
(28.8%) of isolated bacteria, respectively. The most com-
mon pathogenic microorganism spectra in this series 
were Staphylococcus aureus (81 [26.8%]), followed by K. 
pneumonia (42 [13.9%]), Pseudomonas aeruginosa (33 
[10.9%]), Acinetobacter baumannii (32 [10.6%]), E coli (24 
[7.9%]) and Serratia marcescens (21 [7.0%]). 93 (39.4%) of 
all neonatal VAP episodes were caused by MDR patho-
gens, and significantly more polymicrobial VAP epi-
sodes were caused by MDR pathogens (53.3% vs. 34.7%, 
P = 0.014) (Table  1). All fungal strains identified in this 
cohort were interpreted as colonization and were not 
treated with antifungal agents.

Comparisons between monomicrobial VAP 
and polymicrobial VAP
The patients’ demographics, underlying chronic comor-
bidities and clinical features of all VAP episodes are pre-
sented in Table  2. Most VAP episodes (197/236, 83.5%) 
occurred in neonates with underlying chronic comorbid-
ities, and 105 (44.5%) occurred in neonates with multiple 
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chronic comorbidities. The polymicrobial VAP episodes 
did not significantly differ from monomicrobial VAP epi-
sodes in terms of most patient demographics, clinical fea-
tures, and severity of illness (by the NTISS score at onset 
of VAP) (Table 2). However, polymicrobial VAP episodes 
were more likely to occur in later days of life (median 
39.5 versus 26.5  days old, P < 0.001) and in neonates 
with prolonged intubation and underlying bronchopul-
monary dysplasia (86.7% vs. 63.1%, P = 0.001) when 
compared with monomicrobial VAP episodes. Previous 
antibiotic exposure (within one month before VAP) and 
previous bacteremia were also significantly more com-
mon in neonates with polymicrobial VAP. Furthermore, 
37.7% (n = 89) of all VAP episodes occurred in neonates 
who were on antibiotic treatment for previous episode of 
nosocomial infections, especially more common in pol-
ymicrobial VAP episodes.

Therapeutic responses and independent risk factors 
of treatment failure
Broad-spectrum antibiotics, namely, vancomycin or 
teicoplanin plus carbapenem or ceftazidime or cefo-
taxime were prescribed as empiric antibiotics for 80.1% 
of these VAP episodes, comparable in both monomicro-
bial and polymicrobial VAP episodes (Table 3). Although 
the percentage to receive inappropriate initial antibiotic 

therapy was relatively higher in the polymicrobial group 
than the monomicrobial VAP group (p = 0.054), neo-
nates with polymicrobial lung infection were more sus-
ceptible to have modification of therapeutic antibiotics 
than the monomicrobial VAP group (63.3% vs. 42.6%, 
P < 0.001) after sputum culture and antimicrobial sus-
ceptibility testing results. The median (IQR) treatment 
duration of all VAP episodes was 9.8 (7.3–12.0) days. In 
this cohort, 23 (9.7%) patients died before discharge and 
the VAP attributable mortality rate of this cohort were 
3.8% (9/236). The therapeutic responses were compara-
ble between polymicrobial VAP episodes when compared 
with monomicrobial VAP episodes, both in the percent-
age of clinical resolution and microbiological resolution. 
A total of 36 VAP episodes were considered as treatment 
failure, including VAP attributable mortality (n = 9), 
death due to superinfection after VAP (n = 2), progres-
sion to bacteremia (n = 10), requirement of therapeutic 
antibiotics for more than two weeks (n = 17), and wors-
ening of clinical symptoms after appropriate antibiotics 
for more than one week (n = 12).

We summarize the results of univariate and multivar-
iate analyses of potential factors that were associated 
with treatment failure of VAP in this cohort (Table 4). 
Neither GA nor lower BBW were significantly associ-
ated with a higher risk of treatment failure. Treatment 

Table 1  Pathogens distribution of neonatal ventilator-associated pneumonia (VAP) in the NICU of CGMH, October 2017 to September 
2020

MDR pathogens multidrug-resistant pathogens
a Including Burkholderia cepacia (3), Corynebacterium striatum (2), Morganella species (1), Citrobacter koseri (2), Moraxella catarrhalis (1) and Hemophilus influenzae (1)

Polymicrobial VAP (total n = 60 
episodes)

Monomicrobial VAP
(total n = 176 episodes)

MDR 
pathogens
(total 
n = 98 
bacteria)

Gram-positive cocci 41 (32.5) 44 (25.0) 35 (35.7)

 Methicillin resistant Staphylococcus aureus 20 (15.9) 15 (8.5) 35 (35.7)

 Methicillin sensitive Staphylococcus aureus 18 (14.3) 28 (15.9) 0 (0)

 Enterococcus spp. 1 (0.8) 1 (0.6) 0 (0)

 Group B Streptococcus 2 (1.6) 0 (0) 0 (0)

Gram-negative bacilli 85 (67.5) 122 (69.3) 59 (60.2)

 Klebsiella pneumonia 21 (16.7) 21 (11.9) 13 (13.3)

 Pseudomonas aeruginosa 11 (8.7) 21 (11.9) 6 (6.1)

 Acinetobacter baumannii 15 (11.9) 17 (9.7) 4 (4.1)

 Escherichia coli 9 (10.9) 15 (8.5) 11 (11.2)

 Serratia marcescens 7 (7.1) 14 (8.0) 0 (0)

 Enterobacter spp. 2 (1.6) 19 (10.8) 2 (2.0)

 Stenotrophomonas maltophilia 12 (9.5) 6 (3.4) 18 (18.4)

 Klebsiella aerogenes 5 (4.0) 6 (3.4) 3 (3.1)

 Klebsiella oxytoca 3 (2.4) 3 (1.7) 2 (2.0)

Othersa 0 (0) 10 (5.7) 4 (4.1)
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failure was not independently associated with any spe-
cific pathogens, MDR pathogens, polymicrobial VAP 
or inappropriate initial antibiotic treatment. After 
adjustment, independent risk factors for treatment 
failure in VAP were presences of concurrent bacte-
remia (OR 6.36; 95% CI 2.57–15.65, P < 0.001), septic 

shock (OR 3.14; 95% CI 1.22–8.17, P = 0.018), neonates 
on HFOV (OR 3.90; 95% CI 1.61–9.48, P = 0.003), and 
neonates with underlying neurological sequelae (OR 
2.74; 95% CI 1.18–6.36, P = 0.019). The goodness-of-
fit test of Hosmer and Lemeshow showed good agree-
ment between observed and predicted values of the 
model (P = 0.65).

Table 2  Patient demographics, characteristics, and clinical presentation of monomicrobial ventilator-associated pneumonia (VAP) 
versus polymicrobial VAP in CGMH, October 2017-March 2020

NSD normal spontaneous delivery, IQR interquartile range, HFOV high-frequency oscillatory ventilator, NTISS score Neonatal Therapeutic Intervention Scoring System, 
TPN total parenteral nutrition
a Including leukocyte poor red blood cell and/or platelet transfusion
b To maintain SpO2 (pulse oximetry) > 94%

Characteristics All VAP episodes (total 
n = 236)

Monomicrobial VAP 
episodes (total n = 176)

Polymicrobial VAP 
episodes (total n = 60)

P values

Cases demographics

 Gestational age (weeks), median (IQR) 26.0 (25.0–28.0) 26.0 (25.0–28.8) 26.0 (25.0–28.0) 0.984

 Birth weight (g), median (IQR) 871.0 (720.0–1080.0) 870.5 (720.0–1090.0) 876.0 (730–1097.0) 0.856

 Gender (male/female), n (%) 142 (60.2)/94 (38.8) 105 (59.7)/71 (40.3) 37 (61.7)/23 (38.3) 0.879

 5 min Apgar score ≤ 7, n (%) 78 (33.1) 55 (31.3) 23 (38.3) 0.719

 Inborn/outborn, n (%) 208 (88.1)/28 (11.9) 154 (87.5)/22 (12.5) 54 (90.0)/6 (10.0) 0.817

 Birth by NSD/Cesarean section, n (%) 93 (39.4)/143 (60.6) 65 (36.9)/111 (63.1) 28 (46.7)/32 (53.3) 0.221

 Respiratory distress syndrome (≥ Gr II), n (%) 165 (69.9) 122 (69.3) 43 (71.7) 0.752

 Intraventricular hemorrhage (≥ Stage III), n (%) 19 (8.1) 14 (8.0) 5 (8.3) 0.800

Underlying chronic comorbidities, n (%)

 Neurological sequelae 69 (29.4) 56 (31.8) 13 (21.7) 0.142

 Bronchopulmonary dysplasia 163 (69.1) 111 (63.1) 52 (86.7) 0.001

 Cardiovascular diseases 35 (14.8) 27 (15.3) 8 (13.3) 0.835

 Gastrointestinal sequelae 67 (28.4) 48 (27.3) 19 (31.7) 0.512

 Renal disorders 6 (2.5) 5 (2.8) 1 (1.7) 0.618

 Congenital anomalies 20 (8.5) 17 (9.7) 3 (5.0) 0.276

 Presences of any chronic comorbidities 197 (83.5) 139 (79.0) 58 (96.7) 0.002

 Presences of more than one comorbidities 105 (44.5) 79 (44.8) 26 (43.3) 0.741

Day of life at onset of VAP (day), median (IQR) 30.0 (19.0–48.5) 26.5 (17.0–44.5) 39.5 (26.5–55.5)  < 0.001

On antibiotic treatment at onset of VAP, n (%) 89 (37.7) 58 (32.9) 31 (51.7) 0.013

Use of TPN and/or intrafat, n (%) 174 (73.7) 134 (76.1) 40 (66.7) 0.175

Use of central venous catheter, n (%) 217 (91.9) 162 (92.0) 55 (91.7) 0.926

Clinical features, n (%)

 Fever 14 (5.9) 11 (6.3) 3 (5.0) 0.723

 On HFOV/conventional ventilator 86 (36.4)/150 (63.6) 69 (39.2)/107 (60.8) 17 (28.3)/43 (71.7) 0.162

 Septic shock 38 (16.1) 30 (17.0) 8 (13.3) 0.481

 Metabolic acidosis 37 (15.7) 27 (15.3) 10 (16.7) 0.838

 NTISS score at onset of VAP, median (IQR) 27.0 (25.0–29.0) 27.0 (25.0–29.0) 27.0 (24.0–29.0) 0.209

 With concurrent bacteremia 44 (18.6) 35 (19.9) 9 (15.0) 0.689

 Requirement of blood transfusiona 175 (74.2) 134 (76.1) 41 (68.3) 0.110

 Requirement of high FiO2 (≥ 50%)b 96 (40.7) 75 (42.6) 21 (35.0) 0.167

 Chest X-ray findings 0.597

  New infiltrate 97 (41.1) 70 (41.7) 27 (38.9)

  Worsening infiltrate 126 (53.4) 95 (54.2) 31 (55.0)

  Persistent infiltrate 13 (5.5) 11 (4.2) 2 (6.0)
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Discussion
The strict diagnostic criteria of CDC neonatal VAP were 
applied in this study to investigate the clinical and epide-
miological features of polymicrobial VAP in the NICU. 
We found that 25.4% of neonatal VAP episodes were 
polymicrobial VAP episodes, which were more likely to 
occur in neonates with long-term intubation and under-
lying chronic comorbidities, especially BPD. Most of 
the clinical characteristics were not statistically differ-
ent between polymicrobial versus monomicrobial VAP 
episodes. However, MDR pathogens (particularly Pseu-
domonas aeruginosa or MRSA) were more likely to be 
involved in polymicrobial VAP episodes than in monomi-
crobial VAP episodes, which has never been identified in 
previous studies [2, 4, 27, 28]. We found that the severity 
of VAP and underlying chronic comorbidities were inde-
pendently associated with treatment outcomes.

We found the percentage of MDR pathogens in our 
series were significantly higher than previous studies 

[1, 7, 27, 28], especially in polymicrobial VAP cases and 
neonates with multiple chronic comorbidities. In our 
cohort, a lot of the E coli and K. pneumonia strains from 
endotracheal aspirates were MDR pathogens, but most 
Pseudomonas aeruginosa strains were surprisingly sus-
ceptible to gentamicin and/or third-generation cephalo-
sporin. This is in contrast to our previous studies of MDR 
gram-negative bacteremia in the NICU, but is consistent 
with previous studies of adult VAP [13, 29, 30]. These 
antibiotic-resistant pathogens were selected by previous 
empiric and therapeutic antibiotics, because vancomy-
cin or teicoplanin plus gentamicin or third-generation 
cephalosporin is frequently prescribed in our NICU for 
neonatal late-onset sepsis or catheter-related blood-
stream infections [31, 32]. Our previous studies have 
documented that previous antibiotic exposure, especially 
broad-spectrum antibiotics, is significantly associated 
with emergence of MDR pathogens [23, 29]. Therefore, 
MDR gram-negative bacilli and MRSA are more likely 

Table 3  Therapeutic intervention and outcomes of all neonatal ventilator-associated pneumonia (VAP) in the CGMH, October 2017-
March 2020

IQR interquartile range
a Treatment failure was defined as neonates who required therapeutic antibiotics for more than two weeks, those progress to bacteremia, those with worsening 
clinical symptoms after appropriate antibiotics for one week, and neonates who died due to ventilator-associated pneumonia

Characteristics All VAP episodes
(total n = 236)

Monomicrobial VAP 
episodes (total n = 176)

Polymicrobial VAP 
episodes (total n = 60)

P values

Therapeutic intervention, n (%)

 Initial empiric antibiotics

  Inappropriate initial antibiotics 74 (31.4) 49 (27.8) 25 (41.7) 0.054

  Use of first line antibiotics 58 (24.6) 47 (26.7) 11 (18.3) 0.116

  Use of broad-spectrum antibiotics 178 (75.4) 129 (73.3) 49 (81.7) 0.116

 Modification of therapeutic antibiotics 120 (50.8) 82 (46.6) 38 (63.3)  < 0.001

 Therapeutic antibiotics

  Use of first line antibiotics 72 (30.5) 52 (29.5) 20 (33.3) 0.627

  Use of broad-spectrum antibiotics 164 (69.5) 124 (70.5) 40 (66.7) 0.627

Duration of antibiotic treatment (day), mean ± SD 9.6 ± 3.8 9.6 ± 3.8 9.8 ± 3.8 0.566

Therapeutic outcomes, n (%)

 Detailed clinical assessment, n (%) 0.503

  Clinical resolution 91 (38.5) 66 (37.5) 25 (41.7)

  Delayed resolution 73 (30.9) 56 (31.8) 17 (28.3)

  Relapse or recurrent infection 20 (8.5) 15 (8.5) 5 (8.3)

  Superinfection 41 (17.4) 30 (17.0) 11 (18.3)

  Death 11 (4.7) 9 (5.1) 2 (3.3)

 Detailed microbial assessment, n (%) 0.462

  Resolution 112 (47.5) 84 (47.7) 28 (46.7)

  Relapsed or recurrent infection 35 (14.8) 29 (16.5) 6 (10.0)

  Superinfection 72 (30.5) 49 (27.8) 23 (38.3)

  Clinical failure 17 (7.2) 14 (8.0) 3 (5.0)

 Overall clinical assessment, n (%) 0.414

  Cure 200 (84.7) 147 (83.5) 53 (88.3)

  Treatment failurea 36 (15.3) 29 (16.5) 7 (11.7)



Page 7 of 9Wang et al. BMC Infect Dis          (2021) 21:965 	

to be the long-term colonized pathogen in the endotra-
cheal tube after antibiotic selection and account for the 
majority of neonatal VAP [33]. Because emergence of 
MDR pathogens has been the major issue in the ICU, we 
suggest that NICU surveillance and more epidemiologi-
cal data may be required for better development of opti-
mized therapeutic strategies, which can be guided by this 
information and the patient’s risk factors for MDR patho-
gens [32, 34, 35].

Both Infectious Diseases Society of America and 
American Academy of Pediatrics suggest that broad-
spectrum antibiotics can be considered only in high risk 
patients with severe sepsis or septic shock, or in those 
with a high risk of clinical deterioration or multi-organ 
failure [36, 37]. In our cohort, initial broad-spectrum 
antibiotics were prescribed in 75.4% episodes of these 
VAP episodes because these patients were considered 
to have high risks of infection caused by MDR patho-
gens, including long-term hospitalization, previous anti-
biotic exposure, presence of CVC in  situ, and multiple 
comorbidities. In addition, clinicians cannot take the 
risk of clinical deterioration or progression to severe 
sepsis or septic shock since 86 (36.4%) of the VAP epi-
sodes occurred in neonates on HFOV treatment and 
approximately three-fourth of these VAP episodes had a 
high NTISS score > 25, indicating the high severity of ill-
ness. Although we found that inappropriate initial anti-
biotic therapy did not significantly contribute to worse 

outcomes, it was only 31.4% of these cases and we cannot 
underestimate the importance of initial appropriate treat-
ment. Additionally, the influences of MDR pathogens and 
polymicrobial VAP episodes may also be masked by the 
high percentage of empirical broad-spectrum antibiotic 
therapy. Overuse of broad-spectrum antibiotics has now 
become as an important issue and contributed to emer-
gence of MDR pathogens, which require more prescrip-
tion of broad-spectrum antibiotics and create a vicious 
circle [32, 38, 39].

No data are available regarding the clinical character-
istics and therapeutic outcomes of neonates with pol-
ymicrobial VAP in the literature. Polymicrobial VAP is 
supposed to cause therapeutic challenge and increased 
use of antibiotics in the NICU because all isolated micro-
organisms have to be covered. In this series, only more 
modification of therapeutic antibiotics was documented. 
In adult studies of nosocomial VAP, the mortality rate 
between monomicrobial and polymicrobial VAP epi-
sodes were comparable [13, 40]. We found neonatal VAP 
rarely progressed to systemic bacteremia or have rapid 
deterioration, even in cases of inappropriate initial anti-
biotic therapy. This accounts for the lower attributable 
mortality rate of neonatal VAP when compared with 
neonatal bacteremia or adult VAP [29, 40]. Therefore, it 
is worth reconsidering the necessity of using broad-spec-
trum antibiotics to treat neonates with VAP that without 
concurrent bacteremia.

Table 4  Multivariate logistic regression analysis for independent risk factors of clinical treatment failure in neonatal ventilator-
associated pneumonia

HFOV high frequency oscillatory ventilator, OR odds ratio, 95% CI 95% confidence interval, MDR multidrug resistant, NTISS Neonatal Therapeutic Intervention Scoring 
System

Variables Univariate analysis Multivariate analysis

OR (95% CI) P values Adjusted OR (95% CI) P values

Gestational age

 < 26 weeks 1.24 (0.37–4.17) 0.725

 26–28 weeks 1.35 (0.42–4.36) 0.617

 29–33 weeks 1 (reference)

 ≥ 34 weeks 1.93 (0.42–8.84) 0.395

Septic shock 4.67 (2.11–10.33)  < 0.001 3.14 (1.22–8.13) 0.018

On HFOV vs. conventional ventilator 4.45 (2.09–9.47)  < 0.001 3.90 (1.61–9.48) 0.003

Inappropriate initial antibiotics 0.74 (0.31–1.80) 0.513

Polymicrobial VAP 0.67 (0.28–1.62) 0.373

MDR pathogens associated VAP 1.05 (0.51–2.16) 0.896

Presences of neurological sequelae 2.53 (1.22–5.23) 0.012 2.74 (1.18–6.36) 0.019

Bronchopulmonary dysplasia 0.75 (0.35–1.57) 0.440

Severity of illness at onset of VAP

 Every 3 increase in NTISS scores 3.01 (1.44–6.30) 0.003 2.16 (0.93–5.00) 0.074

Concurrent sepsis 5.73 (2.64–12.38)  < 0.001 6.34 (2.57–15.65)  < 0.001

Thrombocytopenia 3.00 (1.24–7.27) 0.015 1.50 (0.52–4.34) 0.452
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The reported incidence rate of neonatal VAP is 2.7–10.9 
cases/1000 mechanical ventilation days in developed 
countries and 32–37.2 cases/1000 ventilator days in devel-
oping countries [1–3, 7]. The incidence rate of VAP in this 
cohort was underestimate because we did not count the 
repeated episodes or recurrent episodes of VAP. In this 
study, nonquantitative cultures of the endotracheal aspi-
rate were used for diagnoses of neonatal VAP, which is 
commonly used in clinical practice in the NICU because 
quantitative culture of the BAL fluid is often unavailable 
in extremely preterm or low birth weight neonates [41]. 
The incidence rate of VAP in our cohort was comparable 
with previous studies and most of them applied similar 
diagnostic criteria for neonatal VAP [1, 3, 7]. Therefore, 
it is clinically applicable to consider all potential microor-
ganisms regardless of the number of CFU per milliliter as 
the causative pathogens of VAP [1, 9].

There are some limitations in this study. Although we 
applied the updated and strict diagnostic criteria and 
prospectively followed these cases, this was an observa-
tional, non-interventional study and we cannot conclude 
whether therapeutic policies will affect the outcomes or 
not. Therefore, a future randomized controlled trial is 
required to reach clear conclusion regarding this issue. A 
high proportion of VAP cases were treated with broad-
spectrum antibiotics in our tertiary level NICUS, which 
may be due to higher illness severity and more chronic 
comorbidities in our cohort. Therefore, we cannot find 
significant impacts of MDR pathogens or polymicro-
bial VAP on the outcomes. This is a single center study 
from tertiary level medical center and these results are 
less applicable to nonteaching hospitals. In addition, the 
sample size of this study is only moderate and we did 
not enroll the repeated or recurrent episodes of VAP for 
analysis. However, the prospective study design, strict 
and uniform criteria of neonatal VAP, close observation 
and complete follow-up of all cases without any missing 
data are the major strengths of this study.

Conclusion
In conclusion, polymicrobial VAP is not uncommon in 
the NICU, and commonly occurred in extremely pre-
term neonates with prolonged ventilation and underlying 
bronchopulmonary dysplasia. Although the therapeu-
tic responses and outcomes were not significantly worse 
when compared with monomicrobial VAP, polymicro-
bial VAP episodes were more often associated with MDR 
pathogens and requirement of antibiotic modification. 
Overuse of broad-spectrum antibiotics has emerged as 
an important issue in the NICU, so it is urgently needed 
to consider antibiotic stewardship programs for neona-
tal VAP. Although neonatal VAP is not associated with a 
high attributable mortality rate, significant morbidity is 

noted in neonates with VAP, especially those with con-
current bacteremia, higher severity of illness and under-
lying neurological sequelae.

Abbreviations
NBBAL: Nonbronchoscopic bronchoalveolar lavage; CDC: Centers for Disease 
Control and Prevention; CI: Confidence interval; CoNS: Coagulase negative 
Staphylococcus; CVC: Central venous catheter; CGMH: Chang Gung Memo‑
rial Hospital; GNB: Gram-negative bacteremia; HAIs: Healthcare associated 
infections; LOD: Late-onset disease; MDR: Multidrug-resistant; MDR VAP: MDR 
associated VAP; NTISS: Neonatal Therapeutic Intervention Scoring System; 
OR: Odds ratio; TPN: Total parenteral nutrition; VAP: Ventilator-associated 
pneumonia.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12879-​021-​06673-9.

Additional file 1: Table S1. Diagnostic criteria for neonatal ventilator-
associated pneumonia in this study, based on the CDC criteria [1].

Acknowledgements
All authors thank Mrs. Chiao-Ching Chiang for keeping the database of 
our NICU, and all nursing staff working in our NICUs for keeping extremely 
detailed patient records, which contributed greatly to the completion of this 
research.

Authors’ contributions
Conceptualization: HCW, MHT, JFH. Data collection and verification: CCL, MYL, 
SMC, HRH, MCC, RHF. Formal analysis: HCW, CCL, MHT. Funding acquisition: 
JFH. Investigation: HCW, MHT, MCC. Methodology: JFH, MYL, SMC, HRH. Super‑
vision: JFH. Writing-original drift: HCW and MHT. Writing—review and editing: 
JFH. All authors have read and approved the final manuscript.

Funding
This work was supported by grants from Chang Gung Memorial Hospital 
(CMRPG3G1461, CMRPG3G1462 and CMRPG3G1463). Chang Gung Medical 
Research Program Foundation (grants CMRPG3E1491).

Availability of data and materials
The datasets used/or analyzed during the current study available from the cor‑
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the institutional review board of Chang Gung 
Memorial Hospital, and written informed consent was obtained from the 
parents of the neonates prior to be enrolled in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Pediatric Neonatology, Department of Pediatrics, Chang Gung 
Memorial Hospital, Taoyuan, Taiwan. 2 Division of Neonatology and Pediatric 
Hematology/Oncology, Department of Pediatrics, Chang Gung Memorial Hos‑
pital, Yunlin, Taiwan. 3 College of Medicine, Chang Gung University, Taoyuan, 
Taiwan. 4 Division of Pediatric Pulmonology, Department of Pediatrics, Chang 
Gung Memorial Hospital, Taoyuan, Taiwan. 5 Division of Neonatology, Depart‑
ment of Pediatrics, Chang Gung Memorial Hospital, No. 5, Fu‑Shin Rd., Kwei 
Shan, Taoyuan County, 333, Linkou, Taiwan, ROC. 

https://doi.org/10.1186/s12879-021-06673-9
https://doi.org/10.1186/s12879-021-06673-9


Page 9 of 9Wang et al. BMC Infect Dis          (2021) 21:965 	

Received: 28 April 2021   Accepted: 8 September 2021

References
	1.	 Cernada M, Brugada M, Golombek S, Vento M. Ventilator-associ‑

ated pneumonia in neonatal patients: an update. Neonatology. 
2014;105(2):98–107.

	2.	 Chu SM, Yang MC, Hsiao HF, Hsu JF, Lien R, Chiang MC, et al. One-week 
versus 2-day ventilator circuit change in neonates with prolonged venti‑
lation: cost effectiveness and impact on ventilator associated pneumonia. 
Infect Control Hosp Epidemiol. 2015;36(3):287–93.

	3.	 Mishra DR, Shah N, Shah DS. Incidence and outcome of ventilator associ‑
ated pneumonia in ICU of a tertiary care hospital in Nepal. JNMA J Nepal 
Med Assoc. 2017;56(207):304–8.

	4.	 Goerens A, Lehnick D, Büttcher M, Daetwyler K, Fontana M, Genet P, et al. 
Neonatal ventilator associated pneumonia: a quality improvement initia‑
tive focusing on antimicrobial stewardship. Front Pediatr. 2018;24(6):262.

	5.	 Cantey JB, Wozniak PS, Sanchez PJ. Prospective surveillance of antibiotic 
use in the neonatal intensive care unit: results from the SCOUT study. 
Pediatr Infect Dis J. 2015;34(3):267–72.

	6.	 Kumar S, Shankar B, Arya S, Deb M, Chellani H. Healthcare associated 
infections in neonatal intensive care unit and its correlation with environ‑
mental surveillance. J Infect Public Health. 2018;11(2):275–9.

	7.	 Tan B, Xian-Yang X, Zhang X, Peng-Zhou X, Wang P, Xue J, et al. Epidemiol‑
ogy of pathogens and drug resistance of ventilator-associated pneumo‑
nia in Chinese neonatal intensive care units: a meta-analysis. Am J Infect 
Control. 2014;42(8):902–10.

	8.	 Fleischmann-Struzek C, Goldfarb DM, Schlattmann P, Schlapbach LJ, 
Reinhart K, Kissoon N. The global burden of pediatric and neonatal sepsis: 
a systemic review. Lancet Respir Med. 2018;6(3):223–30.

	9.	 Iosifidis E, Pitsava G, Roilides E. Ventilator-associated pneumonia in 
neonates and children: a systemic analysis of diagnostic methods and 
prevention. Future Microbiol. 2018;13:1431–46.

	10.	 Tan B, Zhang F, Zhang X, Huang YL, Gao YS, Liu X, et al. Risk factors for 
ventilator-associated pneumonia in the neonatal intensive care unit: a 
meta-analysis of observational studies. Eur J Pediatr. 2014;173(4):427–34.

	11.	 Hooven TA, Polin RA. Healthcare-associated infections in the hospitalized 
neonates: a review. Early Hum Dev. 2014;90(Suppl 1):S4-6.

	12.	 Rodrigues ME, Lopes SP, Pereira CR, Azevedo NF, Lourenco A, Henriques 
M, et al. Polymicrobial ventilator-associated pneumonia: fighting in vitro 
Candida albicans-Pseudomonas aeruginosa biofilms with antifungal-
antibacterial combination therapy. PLoS ONE. 2017;12(1): e0170433.

	13.	 Combes A, Figliolini C, Trouillet JL, Kassis N, Wolff M, Gibert C, et al. Inci‑
dence and outcome of polymicrobial ventilator-associated pneumonia. 
Chest. 2002;121(5):1618–23.

	14.	 Visscher S, Kruisheer EM, Schurink CA, Lucas PJ, Bonten MJ, et al. Predict‑
ing pathogens causing ventilator-associated pneumonia using a Bayes‑
ian network model. J Antimicrob Chemother. 2008;62(1):184–8.

	15.	 Ting JY, Roberts A, Sherlock R, Ojah C, Cieslak Z, Dunn M, et al. Duration of 
initial empirical antibiotic therapy and outcomes in very low birth weight 
infants. Pediatrics. 2019;143(3): e20182286.

	16.	 Mukhopadhyay S, Sengupta S, Puopolo KM. Challenges and opportuni‑
ties for antibiotic stewardship among preterm infants. Arch Dis Child 
Fetal Neonatal Ed. 2019;104(3):F327–32.

	17.	 Centers for Disease Control and Prevention: Criteria for defining nosoco‑
mial pneumonia. www.​cdc.​gov/​ncidod/​hip/​NNIS/​membe​rs/​pneum​onia/​
Final/​PneuC​riter​iaFin​al.​pdf. Accessed 17 Jan 2009.

	18.	 Dell’Orto V, Bourgeois-Nicolaos N, Rouard C, Romain O, Shankar-Aguilera 
S, Doucet-Populaire F, et al. Cell count analysis from nonbronchoscopic 
bronchoalveolar lavage in preterm infants. J Pediatr. 2018;200:30-37.e2.

	19.	 Fujitani S, Yu VL. Diagnosis of ventilator-associated pneumonia: focus on 
nonbronchoscopic techniques (nonbronchoscopic bronchoalveolar lav‑
age, including mini-BAL, blinded protected specimen brush, and blinded 
bronchial sampling) and endotracheal aspirates. J Intensive Care Med. 
2006;21(1):17–21.

	20.	 Webb BJ, Sorensen J, Jephson A, Mecham I, Dean NC. Broad-spectrum 
antibiotic use and poor outcomes in community-onset pneumonia: a 
cohort study. Eur Respir J. 2019;54(1):1900057.

	21.	 Clinical and Laboratory Standards Institute. Performance standards for 
antimicrobial susceptibility testing: twenty-second informational supple‑
ment M100-S22. CLSI, Wayne, PA, USA, 2012.

	22.	 Gandra S, Tseng KK, Arora A, Bhowmik B, Robinson ML, Panigrahi B, et al. 
The mortality burden of multidrug-resistant pathogens in India: a retro‑
spective, observational study. Clin Infect Dis. 2019;69(4):563–70.

	23.	 Tsai MH, Chu SM, Hsu JF, Lien R, Huang HR, Chiang MC, et al. Risk factors 
and outcomes for multidrug-resistant Gram-negative bacteremia in the 
NICU. Pediatrics. 2014;133(2):e322–9.

	24.	 Avery’s Diseases of the Newborn, 10th Edition. Christine Gleason and 
Sandra Juul. Elsevier 2017.

	25.	 Wang HC, Liao CC, Chu SM, Lai MY, Huang HR, Chiang MC, et al. Impacts 
of multidrug-resistant pathogens and inappropriate initial antibiotic 
therapy on the outcomes of neonates with ventilator-associated pneu‑
monia. Antibiotics. 2020;9(11):760.

	26.	 Dorling JS, Field DJ, Manktelow B. Neonatal disease severity scoring 
systems. Arch Dis Child Fetal Neonatal Ed. 2005;90:F11–6.

	27.	 Azab SF, Sherbiny HS, Saleh SH, Elsaeed WF, Elshafiey MM, Siam AG, 
et al. Reducing ventilator-associated pneumonia in neonatal intensive 
care unit using “VAP prevention Bundle”: a cohort study. BMC Infect Dis. 
2015;15:314.

	28.	 Jacobs Pepin B, Lesslie D, Berg W, Spaulding AB, Pokora T. ZAP-VAP: a 
quality improvement initiative to decrease ventilator-associated pneu‑
monia in the neonatal intensive care unit, 2012–2016. Adv Neonatal Care. 
2019;19(4):253–61.

	29.	 Tsai MH, Hsu JF, Chu SM, Lien R, Huang HR, Chiang MC, et al. Incidence, 
clinical characteristics and risk factors for adverse outcome in neonates 
with late-onset sepsis. Pediatr Infect Dis J. 2014;33(1):e7–13.

	30.	 Chung DR, Song JH, Kim SH, Thamlikitkul V, Huang SG, Wang H, et al. High 
prevalence of multidrug-resistant nonfermenters in hospital-acquired 
pneumonia in Asia. Am J Respir Crit Care Med. 2011;184(12):1409–17.

	31.	 Strich JR, Heil EL, Masur H. Considerations for empiric antimicrobial 
therapy in sepsis and septic shock in an era of antimicrobial resistance. J 
Infect Dis. 2020;222(Suppl 2):S119–31.

	32.	 Paul M, Dickstein Y, Raz-Pasteur A. Antibiotic de-escalation for blood‑
stream infections and pneumonia: systemic review and meta-analysis. 
Clin Microbiol Infect. 2016;22(12):960–7.

	33.	 Kern WV, Rieg S. Burden of bacterial bloodstream infection-a brief update 
on epidemiology and significance of multidrug-resistant pathogens. Clin 
Microbiol Infect. 2020;26(2):151–7.

	34.	 MacFadden DR, Coburn B, Shah N, Robicsek A, Savage R, Elligsen M, et al. 
Decision-support models for empiric antibiotic selection in gram-nega‑
tive bloodstream infections. Clin Microbiol Infect. 2019;25(1):108.e1-108.
e7.

	35.	 Cillóniz C, Dominedo C, Torres A. An overview of guidelines for the 
management of hospital-acquired and ventilator-associated pneumonia 
caused by multidrug-resistant Gram-negative bacteria. Curr Opin Infect 
Dis. 2019;32(6):656–62.

	36.	 Fuchs A, Bielicki J, Mathur S, Sharland M, Van Den Anker JN. Reviewing 
the WHO guidelines for antibiotic use for sepsis in neonates and children. 
Paediatr Int Child Health. 2018;38(sup1):S3–35.

	37.	 Martin-Loeches I, Rodriguez AH, Torres A. New guidelines for hospital-
acquired pneumonia/ventilator-associated pneumonia: USA vs Europe. 
Curr Opin Crit Care. 2018;24(5):347–52.

	38.	 Obiero CW, Seale AC, Berkley JA. Empiric treatment of neonatal sepsis in 
developing countries. Pediatr Infect Dis J. 2015;34:659–61.

	39.	 MacFadden DR, Coburn B, Shah N, Robicsek A, Savage R, Elligsen M, et al. 
Utility of prior cultures in predicting antibiotic resistance of bloodstream 
infections due to Gram-negative pathogens: a multicentre observational 
cohort study. Clin Microbiol Infect. 2018;24(5):493–9.

	40.	 Papazian L, Klompas M, Luyt CE. Ventilator-associated pneumonia in 
adults: a narrative review. Intensive Care Med. 2020;46(5):888–906.

	41.	 Mackanjee HR, Naidoo L, Ramkaran P, Sartorius B, Chuturgoon AA. Neo‑
natal bronchoscopy: role in respiratory disease of the newborn—a 7 year 
experience. Pediatr Pulmonol. 2019;54(4):415–20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.cdc.gov/ncidod/hip/NNIS/members/pneumonia/Final/PneuCriteriaFinal.pdf
http://www.cdc.gov/ncidod/hip/NNIS/members/pneumonia/Final/PneuCriteriaFinal.pdf

	Clinical characteristics and outcomes of neonates with polymicrobial ventilator-associated pneumonia in the intensive care unit
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Patients, study design and setting
	Definition
	Data collection
	Statistical analysis

	Results
	Epidemiology of VAP and the microorganisms
	Comparisons between monomicrobial VAP and polymicrobial VAP
	Therapeutic responses and independent risk factors of treatment failure

	Discussion
	Conclusion
	Acknowledgements
	References


