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Prior carbapenem exposure increases the
incidence of ventilator-associated pneumonia
in critically Ill children

Xuguo Wang'?", Mutian Zheng?', Yue Zhang?, Yang Gao'?, Leihua Jiang', Saihu Huang', Xue Wang?, Chunmei Su?,
Wensi Niu??, Shuiyan Wu?" and Zhenjiang Bai®”

Abstract

Background Prior antibiotic exposure has been identified as a risk factor for VAP occurrence, making it a growing
concern among clinical practitioners. But there is a lack of systematic research on the types of antibiotics and the
duration of exposure that influence VAP occurrence in children at current.

Methods We retrospectively reviewed 278 children admitted to the Pediatric Intensive Care Unit (PICU) and
underwent invasive mechanical ventilation (MV) between January 2020 and December 2022. Of these, 171 patients
with MV duration >48 h were included in the study, with 61 of them developing VAP (VAP group) and the remaining
110 as the non-VAP group. We analyzed the relationship between early antibiotic exposure and VAP occurrence.

Results The incidence of VAP was 21.94% (61/278). The VAP group had significantly longer length of hospital stay
(32.00 vs. 20.00 days, p<0.001), PICU stay(25.00 vs. 10.00 days, p<0.001), and duration of mechanical ventilation(16.00
vs. 6.00 days, p<0.001) compared to the non-VAP group. The mortality in the VAP group was significantly higher than
that in the non-VAP group (36.07% vs. 21.82%, p=0.044). The VAP group had a significantly higher rate of carbapenem
exposure (65.57% vs. 41.82%, p=0.003) and duration of usage (9.00 vs. 5.00 days, p=0.004) than the non-VAP group.
Vancomycin and/or linezolid exposure rates (57.38% vs. 40.00%, p =0.029) and duration (8 vs. 4.5 days, p=0.010)

in the VAP group were significantly higher than that in the non-VAP group, either. Multivariate logistic regression
analysis identified the use of carbapenem (=7 days) (OR=5.156, 95% Cl: 1.881-14.137, p=0.001), repeated intubation
(OR=3.575,95% Cl: 1.449-8.823, p=0.006), and tracheostomy (OR=5.767, 95% Cl:1.686-19.729, p=0.005) as the
independent risk factors for the occurrence of VAP, while early intravenous immunoglobulin (IVIG) was a protective
factor against VAP (OR=0.426, 95% Cl: 0.185-0.98, p=0.045).

Conclusion Prior carbapenem exposure (more than 7 days) was an independent risk factor for the occurrence of VAP
For critically ill children, reducing carbapenem use and duration as much as possible should be considered.
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Background

Ventilation-Associated Pneumonia (VAP) occurs in
patients who have been mechanically ventilated via endo-
tracheal intubation or tracheostomy for 48 h or more.
Pneumonia occurring within 48 h after extubating also
belonged to VAP [1, 2]. VAP is one of the most common
hospital-associated infections (HAIs) in the pediatric
intensive care unit (PICU) [3, 4], second only to blood-
stream infections, accounting for approximately 20% of
HAIs in the PICU [5]. The occurrence of VAP lead to a
prolonged hospital stay, an increase in medical costs and
clinical mortality, and an impact on children’s progno-
sis [6]. In recent years, as healthcare professionals have
gained a deeper understanding of VAP, more intensive
care units have adopted standardized operating pro-
cedures (SOPs) for VAP prevention. The SOPs encom-
passed key practices such as oral hygiene, elevation of the
head of the bed, sterile endotracheal suctioning, minimal
ventilator circuit adjustments, daily sedation interrup-
tion, assessment for extubation readiness, intubation
and equipment management, and the use of H2-recep-
tor antagonists [7, 8], which was considered to be VAP
bundle. In Spain, VAP bundle proved effective in reduc-
ing VAP rates, with Pefia-Lopez [9] reporting a decrease
from 8.16 to 0.65 per 1,000 tracheostomy ventilation-
days, and Esteban [10] noting a reduction from 28.3 to
10.6 per 1,000 ventilation days. A multinational study
by Rosenthal [11] covering Colombia, Turkey, El Salva-
dor, India, and the Philippines showed a 31% reduction
in VAP rates from 11.7 to 8.1 per 1,000 ventilator days
following bundle implementation. These findings indi-
cate that bundles are highly effective in reducing VAP
incidence across diverse regions and healthcare settings.
Although a decrease in the incidence has been observed,
it is still high, and once it occurs, the mortality and eco-
nomic burden of the patient have increased significantly.
Antibiotic exposure has been reported as a risk factor for
the development of VAP, but it is unclear which antibi-
otic causes it.

The use of broad-spectrum antibiotics remains a cru-
cial treatment for critically ill pediatric patients. Antibi-
otic treatment regimens and durations were influenced
by various clinical factors, including the infectious
pathogen, site of infection, and the host’s immune sta-
tus. Timely and appropriate antimicrobial therapy can
improve the prognosis of critically ill pediatric patients
[12, 13]. However, prolonged exposure to antibiotics can
lead to the growing of drug-resistant bacterial strains,
alterations in the host’s microbial ecology, and even dis-
ruption of the immunity. Prior antibiotic exposure has
been identified as a risk factor for VAP development

[14], making it a growing concern among clinical prac-
titioners. Moreover, although SOPs were applied to pre-
vent the occurrence of VAP in clinical practice, some
children still developed VAP, and many pathogens have
been shown to originate from microorganisms colonizing
the intestines. Therefore, we speculated that the use of
broad-spectrum antibiotics in critically ill children may
be a key factor in the development of VAP, but there is
a lack of systematic research on the types of antibiotics
and the duration of exposure before VAP occurrence in
children. A systematic analysis of VAP patients was con-
ducted in this study, aim to find factors that may affect
the occurrence of VAP.

Methods

Subjects

This study was a three-year, multi-center retrospective
study conducted in accordance with the principles of
the Helsinki Declaration and approved by the Clinical
Research Ethics Committee of the First People’s Hospital
of Lianyungang (Approval No. LW-20231024003-01) and
the Children’s Hospital of Soochow University (Approval
No. 2023CS034). Written informed consent was obtained
from patients or their guardians.

A total of 278 children admitted to the Pediatric Inten-
sive Care Units (PICU) at the Children’s Hospital of
Soochow University and the First People’s Hospital of
Lianyungang and received invasive mechanical ventila-
tion (MV) between January 2020 and December 2022
were included in this study. Among these patients, 171
met the inclusion criteria, which required a minimum
MV duration of 248 hours and excluded patients who
had undergone MV before admission to the PICU, and
patients who developed pneumonia within 48 hours
after MV initiation (Fig. 1). VAP was diagnosed accord-
ing to the diagnostic criteria outlined in the " Pneumonia
(Ventilator-associated [VAP] and non-ventilator- associ-
ated Pneumonia [PNEU]) Event [2]. During the observa-
tion period, 61 cases developed VAP and were classified
as VAP group, while the remaining 110 cases did not
develop VAP and were classified as non-VAP group.

Definitions

The prior antibiotic exposure refers to the period of one
month before the occurrence of VAP. The observation
endpoint was 48 h after of mechanical ventilation (MV)
withdrawal. Disease severity was assessed on admission
using the Pediatric Critical Illness Score (PCIS) and the
Pediatric Risk of Mortality Score III (PRISM III) [15].
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Fig. 1 The algorithm of inclusion and exclusion of patients in the study

Antibiotic information

The daily dosage and duration of all antibiotics used by
the enrolled patients during the observation period of
antibiotic exposure (if the duration was less than 1 day, it
was not included in the statistics) were collected and ana-
lyzed. Prior exposure to antibiotics includes carbapenems
(including meropenem and imipenem), cephalosporins
(such as cefotetan, ceftazidime, ceftriaxone, and cefu-
roxime), beta-lactam/beta-lactamase inhibitor combi-
nations (referred to as beta-lactam/lactamase inhibitor
combinations, such as piperacillin-tazobactam and ampi-
cillin-sulbactam), vancomycin, linezolid, azithromycin,
trimethoprim-sulfamethoxazole, tigecycline, polymyxin
B, amikacin, and metronidazole. In 2016, the Infectious
Diseases Society of America recognized the duration of
treatment for pneumonia associated with ventilators and
medical institutions as seven days [16], and the same rec-
ommendation was made for the diagnosis and treatment
of sepsis and septic shock in children [17].Therefore, we
set a 7-day cutoff for carbapenem exposure.

Collection of clinical and laboratory data

According to the aim of the research, the case report form
was designed to track the electronic medical records of
all the selected subjects. Data entry was carried out after

the training of data entry clerks, and the double entry
method was adopted, which was completed by two peo-
ple independently. General information, outcomes, the
choice of endotracheal intubation, mental status and
underlying disease were collected. Factors potentially
related to the occurrence of VAP during the antibiotic
exposure were also collected. These factors included
the use of intravenous immunoglobulin (IVIG), enteral/
parenteral nutrition, proton pump inhibitors, corticoste-
roids, nasogastric tube placement, central venous cath-
eterization, hemodialysis, tracheostomy status, repeated
intubation, and prior use of non-invasive ventilation.

Statistical analysis

Data analysis was conducted using SPSS 27.0 statisti-
cal software. Continuous data was represented by the
median and quartile interval [M (P25, P75)], and the
Mann-Whitney U test was used for comparison between
the two groups. Categorical data were presented as fre-
quencies and percentages (%), and the chi-squared test or
Fisher’s exact test was used to compare these two groups.
Initially, a univariate analysis was conducted, then vari-
ables with clinically determined risk factors for incidence
of VAP and a p-value<0.2 [18, 19] were included in the
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Table 1 Clinical characteristics of the VAP group and the non-VAP group
Clinical Characteristics VAP group Non-VAP group p value
(n=61) (n=110)
Gender, Male [%] 37 (60.66%) 71 (64.55%) 0613
Age (years) 3.8(1.05,10.75) 2.84(0.77,9.27) 0.276
Death [%)] 22 (36.07%) 24 (21.82%) 0.044
Duration of Mechanical Ventilation (days) 16.00 (10.00, 34.00) 6.00 (4.00, 9.25) <0.001
Length of ICU Stay (days) 25.00 (12.50, 40.50) 10.00 (7.00, 15.00) <0.001
Length of Hospital Stay (days) 32.00 (1850, 47.50) 20.00 (11.00, 26.00) <0.001
PCIS (points)? 88.00 (82.00, 92.00) 90.00 (84.00, 94.00) 0219
PRISM Il (points)? 11.00 (9.00, 14.00) 9.00 (6.00, 13.50) 0.206
Hospitalization Costs (x10,000 RMB) 16.61 (11.70, 29.69) 6.34 (4.55,11.26) <0.001

PCIS, Pediatric Critical lliness Score; PRISM IlI; Pediatric Risk of Mortality Score IlI; IQR, Interquartile Range.

Table 2 Comparison of antibiotic exposure in pediatric patients
between the VAP group and the non-VAP group
Antibiotic Exposure VAP group Non-VAP group p value

(n=61) (n=110)
Exposure (n, %) 61 (100.00%) 108 (98.18%) 0.751
>3 Types (n, %) 36 (59.02%) 37 (33.64%) 0.001
Duration (days) 18.00 (8.00,40.00) 9.00 (6.00, 17.25)  <0.001
1-6 Days (n, %) 8(13.11%) 34 (31.48%) 0.008
>7 Days (n, %) 53 (86.89%) 74 (68.52%)

multivariate regression. Multivariate Cox regression
model was used to determine the independent risk fac-
tors for the occurrence of VAP, which was the primary
outcome in this study. P<0.05 was determined as statisti-
cally significant.

Results

Clinical characteristics

There were no significant differences of gender
(p=0.613), age (p=0.276), PCIS score on admission
(p=0.219) and PRISM III score (p=0.206) between the
VAP group and the non-VAP group. The clinical charac-
teristics of the VAP group and the non-VAP group were
shown in Table 1. Patients in the VAP group had sig-
nificantly higher mortality (36.07% vs. 21.82, p=0.044),
length of hospital stay (32.00 vs. 20.00 days, p<0.001),
length of PICU stay (25.00 vs. 10.00 days, p<0.001),
duration of mechanical ventilation (16.00 vs. 6.00 days,
p<0.001), and hospitalization costs (16,6100 vs. 6,3400
yuan, p<0.001) compared to the non-VAP group. After
intubation, the median time of VAP was 7 days (4.4,13)
for the VAP group.

Analysis of antibiotics exposure

The antibiotic exposure rate for the 171 mechanically
ventilated (MV) patients was 98.83% (169/171). The
comparison of antibiotic exposure in pediatric patients
between the VAP group and the non-VAP group was
shown in Table 2. The VAP group had a significantly
higher rate of exposure to =3 types of antibiotics, the
duration of exposure=7 days, and a longer duration of

@ Scores were assessed within 24 h after admission

antibiotic exposure compared to the non-VAP group
(Table 2).

In order to analyze the relationship between the type of
antibiotic and the duration of exposure and VAP, we did
further analysis and the results showed that there were
no differences of cephalosporin, B-lactamase inhibitor
combination, vancomycin and/or linezolid, azithromy-
cin and trimethoprim-sulfamethoxazole between these
two groups, but the VAP group had significantly higher
rates of exposure to carbapenem antibiotics, vancomycin
and/or linezolid, and longer exposure durations for these
classes of antibiotics, as well as a higher rate of expo-
sure>7 days, compared to the non-VAP group (Table 3).

Carbapenem exposure was an independent risk factor for
the occurrence of VAP

To identify risk factors that may be associated with
occurrence of VAP, we first performed univariate analy-
sis. The results revealed that underlying diseases (such as
hematological malignancies, genetic metabolic diseases,
neurological diseases, congenital heart defects, con-
genital respiratory system developmental abnormalities,
immunodeficiency, malnutrition, rheumatic autoimmune
diseases, etc.), a history of repeated intubations, trache-
ostomy status, total antibiotic exposure>7 days, expo-
sure to >3 types of antibiotics, exposure to carbapenem
antibiotics for 27 days and exposure to vancomycin and/
or linezolid for 27 days were significantly associated with
the occurrence of VAP.

To find risk factors that could independently predict
the occurrence of VAP, multivariate regression analysis
was performed with p value less than 0.2 and clinically
determined possible risk factors. The results showed
that exposure to carbapenem antibiotics for >7 days
(OR=5.156; 95% CI, 1.881-14.137; P=0.001), a history of
repeated endotracheal intubations (OR=3.575; 95% CI,
1.449-8.823; P=0.006), tracheostomy status (OR=5.767;
95% CI, 1.686—19.729, P=0.005), and prior use of IVIG
(OR=0.426; 95% CI, 0.185-0.981; P=0.045) were signifi-
cantly associated with the occurrence of VAP. Therefore,
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Table 3 Comparison of exposure to different classes of antibiotics between the VAP group and the non-VAP group

Antibiotic Exposure VAP Group Non-VAP Group p value

(n=61) (n=110)

Carbapenem
Exposure (n, %) 40 (65.57%) 46 (41.82%) 0.003
Duration (days) 9.00 (4.25, 18.75) 5.00 (3.00, 9.00) 0.004
1-6 Days (n, %) 13 (32.50%) 30 (65.22%) 0.002
>7 Days (n, %) 27 (67.50%) 16 (34.78%)

Cephalosporin
Exposure (n, %) 31 (50.82%) 61 (55.45%) 0.560
Duration (days) 5.00 (3.50, 8.00) 5.00 (2.00, 8.00) 0335
1-6 Days (n, %) 19 (61.29%) 36 (59.02%) 0.833
>7 Days (n, %) 12 (38.71%) 25 (40.98%)

B-lactamase inhibitor combination
Exposure (n, %) 23 (37.70%) 37 (33.64%) 0.593
Duration (days) 6.00 (3.00, 9.50) 7.00 (5.00, 13.00) 0.152
1-6 Days (n, %) 9(39.13%) 23 (62.16%) 0.082
>7 Days (n, %) 14 (60.87%) 14 (37.84%)

Vancomycin and/or Linezolid
Exposure (n, %) 35(57.38%) 44 (40.00%) 0.029
Duration (days) 8.00 (4.00, 16.00) 4.50 (3.00, 8.00) 0.010
1-6 Days (n, %) 14 (40.00%) 28 (63.64%) 0.036
>7 Days (n, %) 21 (60.00%) 16 (36.36%)

Azithromycin
Exposure (n, %) 14 (22.95%) 19 (17.27%) 0.367
Duration (days) 5.00 (3.75,5.25) 4.00 (3.00, 6.00) 0.766
1-6 Days (n, %) 2 (14.29%) 1(5.26%) 0.781
>7 Days (n, %) 12 (85.71%) 18 (94.74%)

Trimethoprim-sulfamethoxazole
Exposure (n, %) 10 (16.39%) 10 (9.09%) 0.155
Duration (days) 6.50 (2.75, 14.75) 11.50 (7.75, 16.00) 0.198
1-6 Days (n, %) 5 (50%) 2(20%) 0.348
>7 Days (n, %) 5 (50%) 8(80%)

exposure to carbapenem antibiotics for 27 days, a history
of multiple endotracheal intubations (>2 times), and tra-
cheostomy status were independent risk factors for VAP,
while the use of IVIG was an independent protective fac-
tor against VAP (Table 4).

Distribution of pathogens detected in the VAP patients

According to the diagnostic criteria for VAP, there were
61 cases with VAP, of which 63.93% (39/61) of the chil-
dren were detected with pathogenic bacteria in respira-
tory specimens. There were 11 cases isolated with mixed
pathogens. A total of 55 strains were isolated, mainly
Gram-negative bacteria (72.73%,40/55), Gram-positive
bacteria (18.18%,18/55) and fungi (9.09%, 5/55). More-
over, the detail pathogens for the VAP patients were also
listed (Table 5). From the results, we found 67.5% (27/40)
Gram-negative bacteria, 40% (4/10) Gram-positive bac-
teria and 100% (5/5) were presented in patients with
prior carbapenem. For Gram-negative bacteria, Acineto-
bacter baumannii was the most common isolated patho-
gen, next was Pseudomonas aeruginosa. Few fungi have

been isolated, but 100% of patients were indicated with
prior carbapenem (Table 5), indicating dysbiosis caused
by prior carbapenem exposure made fungi opportunistic
pathogens.

Discussion

The incidence of VAP in pediatric patients varied signifi-
cantly worldwide, ranging from 2.00 to 38.4% [20-23].
This variability can be attributed to multiple factors,
including underlying disease, the etiology of MV, and
the quality of infection control implementation. In this
study, the VAP incidence was 21.94%, which may be
related to the high proportion of immunocompromised
patients with hematologic malignancies admitted to our
center. For these patients, there were high-risk factors for
infection, and once fever with neutropenia occurs, anti-
biotic was initiated. In addition, due to the difficulties
in the duration of antibiotic because of the complicated
conditions, long-term use of antibiotics may occur, and
whether these measures are risk factors for VAP is worth
consideration.
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Variables Univariate logistic Multivariate logistic
regression regression
OR(95%ClI) p value OR(95%Cl) p value

Underlying diseases 3.030 (1.423-6.454) 0.004 1.970 (0.707-5.489) 0.195
Repeated intubation 22(1.199-8.133) 0.020 3.575 (1.449-8.823) 0.006
Tracheostomy status 2. 899( 417-5931) 0.004 5.767 (1.686-19.729) 0.005
Central venous catheter placement 1.905 (0.997-3.638) 0.051 1(0.822-4.442) 0.132
Corticosteroids 0.582 (0.308-1.102) 0.097 0493 (0.210-1.160) 0.105
IVIG 0.627 (0.334-1.178) 0.147 0426 (0.185-0.981) 0.045
Enteral Nutrition 2314 (0.475-11.259) 0.299 - -
Parenteral Nutrition 1.733 (0.904-3.324) 0.098 2.056 (0.882-4.789) 0.095
Acid suppressant 87 (0.634-2.220) 0.592 - -
Nasogastric Tube Placement 1.583(0.482-5.204) 0.449 - -
Hemodialysis 1.340 (0.592-3.030) 0.482 - -
Non-Invasive Ventilation 1.881(0.938-3.771) 0.075 1.396 (0.577-3.378) 0.459
Altered Mental Status During Intubation 0.966 (0.512-1.824) 0916 - -
Exposure to > 3 Types of Antibiotics 3.086 (1.612-5.906) <0.001 1.601 (0.628-4.084) 0.325
Cumulative Antibiotic Exposure >7 days 3.223(1.387-7.491) 0.007 1.530 (0.477-4.903) 0.475
Carbapenem Exposure > 7 days 4.665 (2.243-9.703) <0.001 5.156 (1.881-14.137) 0.001
Vancomycin and/or Linezolid Exposure > 7 days 3314 (1.574-6.976) 0.002 0.923 (0.322-2.647) 0.882

Cl, Confidence Interval; OR, Odds Ratio; IVIG, Intravenous Immunoglobulin. All variables included in the regression model were observed during the pre-antibiotic
exposure period. The p-value for the Hosmer-Lemeshow goodness-of-fit test in the multivariate regression model is 0.230. Variables with p<0.2 in univariate
analysis were included in the multivariate logistic regression analysis

Table 5 Distribution of pathogens verified in the VAP patients

Pathogens Cases(n) Percentage(%) Carbapenem exposure

Yes No
Gram-negative bacteria 40 72.73% 27(67.5%) 13(32.5%)
Acinetobacter baumannii 18 32.73% 12 6
Pseudomonas aeruginosa 8 14.55% 6 2
Klebsiella pneumoniae 4 7.27% 3 1
Burkholderia cepacia 4 7.27% 2 2
Haemophilus influenzae 2 3.64% 1 1
Escherichia coli 1 1.82% 1 0
Enterobacter cloacae 1 1.82% 1 0
Burkholderia gladioli 1 1.82% 0 1
Stenotrophomonas maltophilia 1 1.82% 1 0
Gram-positive bacteria 10 18.18% 4(40%) 6(60%)
Staphylococcus aureus 5 9.09% 3 2
Streptococcus pneumoniae 3 5.45% 1 2
Enterococcus faecium 1 1.82% 0 1
Streptococcus viridans 1 1.82% 0 1
Fungi 5 9.09% 5(100%) 0(0%)
Candida albicans 3 545% 3 0
Aspergillus 1 1.82% 1 0
Filamentous fungi 1 1.82% 1
Total 55 100.00% 36(65.5%) 19(34.5%)

This research identified prolonged exposure (more
than 7 days) to carbapenem as an independent risk fac-
tor for VAP occurrence among various antibiotic classes.
Carbapenem have been associated with an increased risk
of nosocomial infections, including Clostridioides difficile
infections and VAP [24-26]. As a class of broad-spec-
trum antimicrobial agents, carbapenems exhibit excellent

antibacterial activity against most aerobic and anaerobic
bacteria. Under the pressure of carbapenem exposure,
colonizing bacteria in the respiratory tract may develop
resistance due to metallo-B-lactamase production, high-
level cephalosporinase production, extended-spectrum
B-lactamase production, and alterations in binding sites.
This can lead to multidrug-resistant strains capable of
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cross-resistance to carbapenems, P-lactams, and ami-
noglycosides [27]. These antibiotic-resistant strains can
expand and become dominant in the respiratory tract,
serving as potential pathogens for VAP. In our study,
the main pathogenic pathogens of ventilator-associated
pneumonia was Gram-negative bacteria, accounting for
72.73%, and the cases with prior carbapenem exposure
were about twice as high as those without prior car-
bapenem exposure. The most prevalent Gram-negative
bacteria were Acinetobacter baumannii, Pseudomonas
aeruginosa, and Klebsiella pneumoniae, all of which
exhibited carbapenem resistance, consistent with pre-
vious studies. Additionally, the use of carbapenem can
alter the gut microbiota, disrupting the normal host-
microbiota interactions in both the gut and the lungs,
which is known as the gut-lung axis. This disruption can
contribute to lung injury and pulmonary infections [28].
These factors collectively increase the risk of VAP in MV
patients following exposure to carbapenem antibiotics.

The study also found a higher proportion of exposure
to vancomycin and/or linezolid in the VAP group. How-
ever, the multivariate regression analysis did not iden-
tify it as an independent risk factor for VAP occurrence.
Vancomycin and linezolid belong to the glycopeptide and
oxazolidinone classes of antibiotics, respectively, and are
used to treat severe Gram-positive bacterial infections,
especially methicillin-resistant Staphylococcus aureus
infections. Previous experiments in mice have shown
that vancomycin and linezolid administration, either
subcutaneously or orally, can suppress anaerobic bacte-
ria and Enterococci in the gut microbiota and promote
the colonization of extended-spectrum [-lactamase-
producing Klebsiella pneumoniae [29]. Vancomycin
has also been shown to reduce gut microbiota diversity
in mice, leading to a decrease in Gram-positive bacte-
ria (e.g., Firmicutes) and an increase in Gram-negative
bacteria (e.g., Proteobacteria) [30]. These changes may
explain why MV patients are more prone to developing
VAP after exposure to vancomycin and/or linezolid. Fur-
thermore, a significant correlation between prior antibi-
otic exposure (=3 types or 27 days) and VAP occurrence
was revealed in this study. Several studies pointed out
that the use of multiple antibiotics has a greater impact
on the microbiota [31]. Additionally, Pérez-Cobas et al.
found that antibiotics can influence the composition of
the gut microbiota early in treatment, with microbiota
diversity reaching its lowest point after 11 days of treat-
ment [32]. The use of multiple antibiotics or prolonged
antibiotic treatment may have a more significant impact
on the microbiota and could be a contributing factor to
the development of VAP.

This study has some limitations. Firstly, there is an
inevitable selection bias in the design of the retrospec-
tive study, and the influence of unmeasured variables
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and unknown confounding factors cannot be ruled out in
this study. Secondly, although this study is a multi-center
study, the sample size was small, which may lead to lack
certain generalization. In the future, we will continue
to work on the potential threats of antibiotic exposure,
especially for carbapenem antibiotics. In the next step,
we will plan a multicenter and prospective study in this
area, thus further testing our conclusions. Additionally,
molecular biology and genomics methods can be used
to study the association between antibiotic exposure and
bacterial resistance, to reveal the specific mechanism of
antibiotic resistance in the development of VAP in chil-
dren, and to use microbiome technology to compare the
intestinal and respiratory microbial composition of chil-
dren with VAP and healthy controls to understand the
effect of antibiotic exposure on the structure and func-
tion of microbial communities, and then explore how the
gut-lung axis promotes the occurrence of VAP.

In summary, carbapenem exposure was an indepen-
dent risk factor for the occurrence of VAP, especially
when the duration was more than 7 days. For critically ill
children, reducing carbapenem use and duration as much
as possible should be considered.
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