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Abstract
Hospital-acquired pneumonia (HAP) is a significant nosocomial infection; data on the distribution and antimicrobial resistance
profiles of HAP in China are limited. We included 2827 adult patients with HAP from the Chinese Antimicrobial Resistance
Surveillance of Nosocomial Infections network admitted in 15 Chinese teaching hospitals between 2007 and 2016. Clinical data
and antimicrobial susceptibility of isolated pathogens were obtained from the medical records and central laboratory, respec-
tively. Multivariable logistic regression was performed to determine the risk factors for mortality and multidrug resistance
(MDR). A total of 386 (13.7%) patients died in the hospital, while 1181 (41.8%) developed ventilator-associated pneumonia
(VAP). Active immunosuppressant therapy (OR 1.915 (95% CI 1.475–2.487)), solid tumor (OR 1.860 (95% CI 1.410–2.452)),
coma (OR 1.783 (95%CI 1.364–2.333)), clinical pulmonary infection score ≥7 (OR 1.743 (95%CI 1.373–2.212)), intensive care
unit stay (OR 1.652 (95% CI 1.292–2.111)), age ≥65 years (OR 1.621 (95% CI 1.282–2.049)), and tracheal cannula insertion
(OR 1.613 (95% CI 1.169–2.224)) were independent risk factors for in-hospital mortality. Liver cirrhosis (OR 3.120 (95% CI
1.436–6.780)) and six other variables were independent predictors of MDR. Acinetobacter baumannii (25.6%), Pseudomonas
aeruginosa (20.1%), Klebsiella pneumoniae (15.4%), and Staphylococcus aureus (12.6%) were the most common pathogens
(MDRprevalence 64.9%). Isolates fromVAP patients showedmoreA. baumannii and lessK. pneumoniae and E. coli strains (p <
0.001, respectively) than those from patients without VAP. The proportion of methicillin-resistant S. aureus strains decreased;
that of carbapenem-resistant A. baumannii and Enterobacterales strains increased. There had been changes in the antibiotic
resistance profiles of HAP pathogens in China. Risk factors for mortality and MDR are important for the selection of antimi-
crobials for HAP in China.

European Journal of Clinical Microbiology & Infectious Diseases (2021) 40:683–690
https://doi.org/10.1007/s10096-020-04046-9

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10096-020-04046-9) contains supplementary
material, which is available to authorized users.

* Hui Wang
whuibj@163.com

Yuyao Yin
yuyaoy@bjmu.edu.cn

Chunjiang Zhao
chunkiang@163.com

Henan Li
lhnpku@163.com

Longyang Jin
jly@bjmu.edu.cn

Qi Wang
wangqi99887@sina.com

Ruobing Wang
ruobing_wang@bjmu.edu.cn

Yawei Zhang
z_yw1990@163.com

Jiangang Zhang
zjg@bjmu.edu.cn

1 Department of Clinical Laboratory, Peking University People
Hospital, Beijing, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10096-020-04046-9&domain=pdf
https://doi.org/10.1007/s10096-020-04046-9
mailto:whuibj@163.com


Keywords Hospital-acquired pneumonia . Antimicrobial resistance .Multidrug resistance . Risk factor . Mortality

Introduction

Hospital-acquired pneumonia (HAP) is the second most fre-
quent hospital-acquired infection and the main cause of mor-
tality from nosocomial infections [1]. HAP and ventilator-
associated pneumonia (VAP) are significantly related to
prolonged hospital stay and increased healthcare costs [2, 3].
The distribution and antimicrobial susceptibilities of causative
pathogens isolated from patients with HAP differ in each re-
gion and individual situation [4–6]. Empiric antibiotic treat-
ments should be selected based on the local data as recom-
mended in the latest American Thoracic Society (ATS)/
Infectious Diseases Society of America (IDSA) guide-
lines published in 2016 [5]. However, there is limited
literature on the distribution and antimicrobial resistance
profiles of HAP in China.

The Chinese Antimicrobial Resistance Surveillance of
Nosocomial Infections (CARES) is a nationwide surveillance
program established in 2007 aimed at investigating the antibi-
otic resistance profiles of pathogens causing hospital-acquired
infections in China. The results of this program will be used as
a basis for developing and implementing Chinese guidelines.
Here, we aimed to report the clinical and microbiological
characteristics of adults with HAP from this 10-year prospec-
tive observational study in China, and provide more informa-
tion on the risk factors for mortality and multidrug-resistant
(MDR) infection.

Methods

Setting and participants

The present study included patients with HAP who were aged
≥18 years from the CARES network and were admitted in 15
teaching hospitals between January 2007 and December 2016.
All patients had radiographically confirmed pneumonia and
appropriate clinical findings. Patients with other kind of infil-
trate were excluded. HAP that occurred 48 h or more after
hospital admission and VAP that occurred >48 h after endo-
tracheal intubation were defined according to the ATS/IDSA
guidelines [5]. Data were collected from each hospital’s elec-
tronic health record system and included demographic char-
acteristics, pre-existing medical conditions, clinical presenta-
tions, antimicrobial therapy administration, and outcomes.
Duplicate cases or duplicate isolates from the same patient
were excluded. The present study was approved by the
Research Ethics Board at Peking University People’s
Hospital (Beijing, China).

Microbiological methods

HAP pathogens were isolated and identified in each
participating center following the standard operating
procedures. Then, all isolates were processed and anti-
biotic susceptibility testing were performed at the
Clinical Microbiology Laboratory of Peking University
People’s Hospital. The agar dilution method and broth
microdilution method (tigecycline and polymyxin B)
were used to measure the susceptibilities of the bacterial
strains, in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines [7]. The results
were interpreted based on the latest CLSI breakpoints
[8]. The tigecycline test was performed in accordance
with the Food and Drug Administration standards. The
tested antimicrobial agents included amikacin, ceftazi-
d ime, cef taz idime/c lavulanic acid , cefotaxime,
cefotaxime/clavulanic acid, cefepime, cefoxitin, chloram-
phenicol, clindamycin, erythromycin, levofloxacin,
minocycline, moxifloxacin, polymyxin B, rifampicin,
teicoplanin, trimethoprim–sulfamethoxazole, vancomycin
(National Institute for Food and Drug Control of China,
China), cefoperazone/sulbactam, linezolid, piperacillin/
tazobactam, tigecycline (Pfizer, Inc., USA), ceftriaxone
(Hoffmann-La Roche Ltd., Switzerland), ciprofloxacin
(B ay e r AG , Ge rmany ) , d a p t omy c i n (Cub i s t
Pharmaceuticals, Inc., USA), imipenem (Merck & Co.,
Inc., USA), and meropenem (Sumitomo Dainippon
Pharma, Japan). The reference isolates Enterococcus
faecalis ATCC 29212, Staphylococcus aureus ATCC
29213 , Es che r i c h i a c o l i ATCC 25922 , a nd
Pseudomonas aeruginosa ATCC 27853 were used as
quality control isolates. The isolates resistant to at least
three different antimicrobial classes were considered as
MDR and all methicillin-resistant S. aureus (MRSA)
isolates are defined as MDR [9, 10]. A patient isolated
with multiple organisms was considered to have an
MDR infection when one of the isolates was MDR.
Isolates resistant to imipenem or meropenem were clas-
sified as carbapenem resistant.

Statistical methods

Continuous variables were expressed as median (IQR) and
compared using one-way ANOVA; categorical variables were
expressed as frequency counts (%) and compared using the χ2

test or Fisher’s exact test. The threshold for statistical signifi-
cance was p ≤0.05, and all tests were two tailed. A stepwise
conditional logistic regression analysis was performed in
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survivor versus non-survivor and MDR versus non-MDR to
determine the independent risk factors [11]. The variables
about recent antibiotic exposure and bacteria species and re-
sistance were excluded in the logistic regression analysis of
survivor versus non-survivor and MDR versus non-MDR,
respectively. A univariate logistic regression analysis was per-
formed to estimate the ORs and corresponding 95% CIs. All
variables with p values ≤0.05 were included in the multivari-
able model. A logistic regression was carried out using IBM
SPSS Statistics version 20.0 (IBM, Armonk, NY).

Results

Demographic and clinical characteristics of patients
with HAP

During the 10-year study period, 2827 cases fulfilled our in-
clusion criteria, and their demographic, clinical, and microbi-
ological characteristics are shown in Table 1. More patients in
general wards (62.2%) were diagnosed with HAP than in in-
tensive care units (ICUs; 37.8%). VAP accounted for 40.7%

Table 1 Demographic, clinical, and microbiological characteristics of 2827 HAP patients

Variable Survivora

n = 2441(%)
Non-survivorb

n = 386 (%)
p value

Demographics
Age 65.0 (52.0–76.0) 70.0 (57.0–79.0) <0.001*
Male sex 1705 (69.8) 272 (70.5) 0.806
Smoking habit (current or former) 663 (27.2) 117 (30.3) 0.198
Alcohol abuse (current or former) 415 (17.0) 77 (19.9) 0.156
Pre-existing medical conditions
Structural lung disease 424 (17.4) 79 (20.5) 0.139
Congestive heart failure 78 (3.2) 15 (3.9) 0.480
Renal disease requiring dialysis 25 (1.0) 7 (1.8) 0.173
Use of an active immunosuppressant agent 410 (16.8) 121 (31.3) <0.001*
Diabetes 392 (16.1) 79 (20.5) 0.031*
Autoimmune disease 100 (4.1) 24 (6.2) 0.059
Liver cirrhosis 32 (1.3) 6 (1.6) 0.700
Solid tumor 390 (16.0) 93 (24.1) <0.001*
Hematopoietic tumor 62 (2.5) 11 (2.8) 0.722
Coma 435 (17.8) 137 (35.5) <0.001*
Absolute neutrophil count <500 cells/μL 54 (2.2) 11 (2.8) 0.438
Splenectomy 12 (0.5) 1 (0.3) 0.531
CPIS score 6.0 (5.0–8.0) 7.0 (6.0–9.0) <0.001*
Infection occurred within 72 h of admission 476 (19.5) 78 (20.2) 0.745
Invasive procedure
Tracheal cannula 914 (37.4) 238 (61.7) <0.001*
Time of tracheal cannula ≥7 days 634 (26.0) 169 (43.8) <0.001*
Hospitalizations within the last 90 days 765 (31.3) 151 (39.1) 0.002*
Infection occurred in ICU 854 (35.0) 214 (55.4) <0.001*
Surgery within the last 30 days 609 (24.9) 104 (26.9) 0.402
Transferred from other hospitals 742 (30.4) 153 (39.6) <0.001*
Bacteria species and resistance
Acinetobacter baumannii 645 (26.4) 104 (26.9) 0.830
Pseudomonas aeruginosa 518 (21.2) 68 (17.6) 0.105
Enterobacterales 826 (33.8) 107 (27.7) 0.018*
Staphylococcus aureus 306 (12.5) 62 (16.1) 0.056
MDR bacteria 1172 (48.0) 216 (56.0) <0.001*
CRAB 420 (17.2) 75 (19.4) 0.286
CRPA 212 (8.7) 27 (7.0) 0.268
CRE 31 (1.3) 3 (0.8) 0.409
MRSA 219 (9.0) 51 (13.2) 0.008*
Recent antibiotic exposure (<30 days)
First- or second-generation cephalosporins 233 (9.5) 53 (13.7) 0.016*
Third- or fourth-generation cephalosporins 634 (26.0) 111 (28.8) 0.306
Penicillins 221 (9.1) 45 (11.7) 0.103
Aminoglycosides 146 (6.0) 14 (3.6) 0.063
Quinolones 458 (18.8) 94 (24.4) 0.010*
Macrolides 96 (3.9) 19 (4.9) 0.361
Tetracyclines 27 (1.1) 4 (1.0) 0.902
Carbapenems 440 (18.0) 95 (24.6) 0.002*
Glycopeptides 246 (10.1) 52 (13.5) 0.044*
Antibiotic combination 488 (20.0) 95 (3.9) 0.037*

HAP hospital-acquired pneumonia, CPIS clinical pulmonary infection score, ICU intensive care unit, MDR multidrug-resistant, CRAB carbapenem-
resistant Acinetobacter baumannii, CRPA carbapenem-resistant Pseudomonas aeruginosa, CRE carbapenem-resistant Enterobacterales, MRSA
methicillin-resistant Staphylococcus aureus

*Statistically significant (p < 0.05)
a,bData are presented as number (%) or median (IQR)
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(1152/2827) of patients with HAP. Antibiotics were used
within the last 30 days in 60.7% (1717/2827) of patients.
The all-cause mortality rate in hospitals was 13.7% (386/
2827). Patients in the ICU (20.0%) had a higher in-hospital
all-cause mortality rate than those in non-ICU settings (9.8%)
(p < 0.001). The in-hospital all-cause mortality rate in patients
with VAP (20.7%) was significantly higher than that in pa-
tients with non-VAP (8.8%) (p < 0.001).

Distribution and antimicrobial resistance of bacterial
isolates from patients with HAP

From 2007 to 2016, 2930 isolates were isolated from 2827
patients with HAP. A total of 101 patients (3.6%) had multiple
isolates (99 patients with 2 isolates and 2 patients with 3 iso-
lates). The pathogens were isolated from sputum (62.9%),
tracheal aspirates (31.7%), bronchoalveolar lavage (1.1%),
protected brush catheter (0.5%), and other samples. Among
the 2930 isolates, the proportion of gram-negative isolates
(2480/2930 (84.6%)) were higher than that of gram-positive
ones (450/2930 (15.4%)). Acinetobacter baumannii (25.6%)
and P. aeruginosa (20.1%) were the most frequent pathogens
followed by Klebsiella pneumoniae (15.4%), S. aureus
(12.6%), and E. coli (7.5%) (Table 2).

The antibiotic resistance profiles (susceptibility rates,
MIC50, MIC90, and MIC ranges) of the major bacterial path-
ogens are shown in Tables A1–4. Among the 2930 isolates,
1417 MDR isolates were detected in all patients; MDR

isolates (766/1181 (64.9%)) were more frequent in patients
with VAP than in those without VAP. The MDR rates among
A. baumannii and S. aureus isolates were 74.6% and 70.9%.
The MDR rates among P. aeruginosa, K. pneumoniae, and
E. coli were 27.9%, 29.6%, and 44.5%, respectively. The
MDR profiles of A. baumannii, K. pneumoniae, and
P. aeruginosa are shown in Table A5.

Among the isolates in patients with HAP,MRSAmarkedly
decreased from 86.5% in 2007 to 66.1% in 2016 in our study
(Fig. 1). Meanwhile, marked changes were shown: the pro-
portions of carbapenem-resistant A. baumannii (CRAB) and
carbapenem-resistant Enterobacterales (CRE) increased from
42.6% and 0.8% in 2007 to 79.2% and 11.6% in 2016, respec-
tively. The carbapenem resistance rates in P. aeruginosawere
relatively stable in the same period (36.6–44.8%). Meanwhile,
significant differences were observed in the rates of MRSA,
CRAB, CRE, carbapenem-resistant P. aeruginosa (CRPA),
and MDR (p < 0.05, respectively).

Independent risk factors associated with in-hospital
mortality

Our univariate logistic regression analysis showed that 14
study variables were significantly related to in-hospital mor-
tality (Table 3). The final multivariate logistic regression
models identified seven independent risk factors associated
with in-hospital mortality using stepwise variable selection
(Table 3): active immunosuppressant therapy (OR 1.915

Table 2 Species distributiona of
pathogens from VAP and non-
VAP patients of the Chinese
Antimicrobial Resistance
Surveillance of Nosocomial
Infections network, 2007–2016

Speciesa VAP

n = 1181(%)

Non-VAP

n = 1749 (%)

Total

n = 2930 (%)

p value

Acinetobacter baumannii 374 (31.7) 375 (21.4) 749 (25.6) <0.001*

Pseudomonas aeruginosa 250 (21.2) 338 (19.3) 588 (20.1) 0.240

Klebsiella pneumoniae 142 (12.0) 310 (17.7) 452 (15.4) <0.001*

Staphylococcus aureus 156 (13.2) 212 (12.1) 368 (12.6) 0.415

Escherichia coli 60 (5.1) 160 (9.1) 220 (7.5) <0.001*

Pseudomonas maltophilia 57 (4.8) 77 (4.4) 134 (4.6) 0.654

Enterobacter cloaca 38 (3.2) 81 (4.6) 119 (4.1) 0.071

Serratia marcescens 11 (0.9) 25 (1.4) 36 (1.2) 0.303

Burkholderia cepacia 25 (2.1) 10 (0.6) 35 (1.2) <0.001*

Enterobacter aerogenes 7 (0.6) 22 (1.3) 29 (1.0) 0.112

Streptococcus pneumoniae 2 (0.2) 22 (1.3) 24 (0.8) 0.003

Citrobacter freundii 8 (0.7) 13 (0.7) 21 (0.7) 0.987

Proteus mirabilis 7 (0.6) 14 (0.8) 21 (0.7) 0.667

Klebsiella oxytoca 7 (0.6) 12 (0.7) 19 (0.6) 0.941

Staphylococcus haemolyticus 2 (0.2) 9 (0.5) 11 (0.4) 0.234

Staphylococcus epidermidis 1 (0.1) 9 (0.5) 10 (0.3) 0.102

VAP ventilator-associated pneumonia

*Statistically significant (p < 0.05)
a Only species with ≥10 isolates are listed in the table
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(95% CI 1.475–2.487)), solid tumor (OR 1.860 (95% CI
1.410–2.452)), coma (OR 1.783 (95% CI 1.364–2.333)), clin-
ical pulmonary infection score (CPIS) ≥7 (OR 1.743 (95% CI
1.373–2.212)), infection occurred in ICU (OR 1.652
(95% CI 1.292–2.111)), age ≥65 years (OR 1.621
(95% CI 1.282–2.049)), and tracheal cannula insertion
(OR 1.613 (95% CI 1.169–2.224)).

Independent risk factors associated with MDR
infection

The multivariate logistic regression model analysis showed
that liver cirrhosis (OR 3.120 (95% CI 1.436–6.780)), infec-
tion that occurred in the ICU (OR 1.555 (95% CI 1.304–

1.854)), previous carbapenem use (OR 1.532 (95% CI
1.228–1.911)), previous glycopeptide use (OR 1.335 (95%
CI 1.006–1.770)), transfer from other hospitals (OR 1.284
(95% CI 1.064–1.551)), previous treatment with third- or
fourth-generation cephalosporins (OR 1.226 (95% CI 1.012–
1.485)), and solid tumor (OR 0.760 (95% CI 0.614–0.941))
were significantly connected with MDR infection (Table 4).

Discussion

This prospective observational multicenter study demonstrat-
ed clinical and microbiological characteristics of 2827 patients
with HAP from 15 teaching hospitals during a 10-year period.

Fig. 1 Prevalence of CRAB,
CRPA, CRE, and MRSA in HAP
patients from 2007 to 2016.
CRAB, carbapenem-resistant
Acinetobacter baumannii; CRPA
carbapenem-resistant
Pseudomonas aeruginosa; CRE,
carbapenem-resistant
Enterobacterales; MRSA,
methicillin-resistant
Staphylococcus aureus

Table 3 Univariate and
multivariate regression analyses
of the risk factors associated with
in-hospital all-cause mortality for
HAP patients

Variable Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age ≥65 years 1.446 (1.162–1.800) 0.001 1.621 (1.282–2.049) <0.001

Use of an active immunosuppressant agent 2.262 (1.780–2.875) <0.001 1.915 (1.475–2.487) <0.001

Diabetes 1.345 (1.027–1.762) 0.031

Solid tumor 1.669 (1.291–2.159) <0.001 1.860 (1.410–2.452) <0.001

Coma 2.537 (2.010–3.202) <0.001 1.783 (1.364–2.333) <0.001

CPIS score ≥7 2.262 (1.807–2.832) <0.001 1.743 (1.373–2.212) <0.001

Tracheal cannula 2.687 (2.154–3.351) <0.001 1.613 (1.169–2.224) 0.004

Time of tracheal cannula (≥7 days) 2.220 (1.780–2.767) <0.001

Hospitalizations within the last 90 days 1.408 (1.128–1.757) 0.002

Infection occurred in ICU 2.312 (1.861–2.873) <0.001 1.652 (1.292–2.111) <0.001

Transferred from other hospitals 1.504 (1.205–1.876) <0.001

Enterobacterales infection 0.075 (0.591–0.951) 0.018

MDR bacterium infection 1.376 (1.108–1.708) 0.004

MRSA infection 1.545 (1.115–2.139) 0.009

HAP hospital-acquired pneumonia, CPIS clinical pulmonary infection score, ICU intensive care unit, MDR
multidrug-resistant, CRAB carbapenem-resistant Acinetobacter baumannii, CRPA carbapenem-resistant
Pseudomonas aeruginosa, CRE carbapenem-resistant Enterobacterales, MRSA methicillin-resistant
Staphylococcus aureus
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In the present study, we demonstrated the updated distribution
and antimicrobial susceptibility of the isolated pathogens and
investigated the risk factors for the HAP-related mortality and
harboring MDR pathogen.

The local distribution and antibiotic resistance profile of
pathogens causing HAP are significant for the selection of
empiric antimicrobial therapy [12]. Moreover, the resistance
profiles differed among the institutions. Similar to previous
studies [6, 13], gram-negative bacteria, especially non-
fermentative bacteria, were the most frequent causative path-
ogens of HAP in the present study.A. baumanniiwas the most
frequent pathogen and most of them is MDR. The distribution
of pathogens causing HAP remained stable. Our results sug-
gest that non-fermentative bacteria should be considered
when selecting empiric antimicrobials in China. The
trends of CRAB, CRPA, CRE, and MRSA from 2007
to 2016 reported in our study were consistent with the
data from the China Antimicrobial Surveillance
Network, which is a well-known Chinese national sur-
veillance network for bacterial resistance [14].

The all-cause mortality rate associated with HAP was
13.7% in the present study, which is lower than that reported
in previous studies conducted in China. The HAP clinical
survey results of 13 large Chinese teaching hospitals showed
that the average all-cause mortality rate of HAPwas 22.3%, of
which that of VAP was 34.5% [13]. The all-cause mortality
rate of VAP in the present study was 20.7%, which was also

lower than that reported in a recent study conducted in China
(45%) [6]. The difference in the in-hospital mortality reported
in our study and the 28-day mortality reported in other studies
may explain the lower mortality rates. However, a recent 3-
year prospective multicenter cohort study conducted in Japan
and a recent retrospective study conducted in China showed
HAP mortality rate (13.6% and 14.5%, respectively) similar
with those reported in our study [15, 16].

Older age, ICU, and tracheal cannula were associated with
higher mortality due to HAP, which is consistent with the
finding of previous studies [15–17]. Although the CPIS has
shown a low diagnostic performance in recent studies [18,
19], CPIS ≥7 was a risk factor for mortality due to HAP in
our study. Patients receiving immunosuppressants, including
the patients using active immunosuppressant and having solid
tumors, had significantly higher mortality rate than those re-
ceiving non-immunosuppressant agents. These results are
consistent with those of previous studies showing that
HAP in transplant patients was common and was linked
to increased mortality [20]. Unlike other previous stud-
ies, the mortality rates did not increase in patients with
MDR pathogens [15, 16].

The risk factors for MDR pathogens should be evaluated in
order to determine the appropriate clinical empiric therapy for
suspected VAP and HAP in accordance with the 2016 ATS/
IDSA guidelines [5]. The timely identification of MDR path-
ogens can improve the patient’s clinical outcomes and

Table 4 Univariate and multivariable regression analysis of predictors of MDR infection among patients with HAP

Variable Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Liver cirrhosis 2.575 (1.273–5.212) 0.009 3.120 (1.436–6.780) 0.004

Solid tumor 0.754 (0.619–0.918) 0.005 0.760 (0.614–0.941) 0.012

CPIS score ≥7 1.195 (1.031–1.385) 0.018

Infection occurred within 72 h of admission 0.784 (0.650–0.945) 0.011

Tracheal cannula 1.577 (1.356–1.834) <0.001

Time of tracheal cannula (≥7 days) 1.573 (1.334–1.855) <0.001

Hospitalizations within the last 90 days 1.177 (1.006–1.378) 0.042

Infection occurred in ICU 1.797 (1.541–2.096) <0.001 1.555 (1.304–1.854) <0.001

Transferred from other hospitals 1.313 (1.120–1.539) 0.001 1.284 (1.064–1.551) 0.009

Previous treatment with third- or fourth-generation cephalosporins 1.459 (1.230–1.731) <0.001 1.226 (1.012–1.485) 0.037

Previous treatment with penicillin 1.292 (1.003–1.665) 0.048

Previous treatment with aminoglycosides 1.471 (1.065–2.032) 0.019

Previous treatment with quinolones 1.435 (1.190–1.731) <0.001

Previous treatment with carbapenem 1.952 (1.609–2.368) <0.001 1.532 (1.228–1.911) <0.001

Previous treatment with glycopeptides 1.833 (1.432–2.437) <0.001 1.335 (1.006–1.770) 0.045

Previous treatment with a combination of antibiotics 1.514 (1.260–1.820) <0.001

HAP hospital-acquired pneumonia, CPIS clinical pulmonary infection score, ICU intensive care unit, MDR multidrug-resistant, CRAB carbapenem-
resistant Acinetobacter baumannii, CRPA carbapenem-resistant Pseudomonas aeruginosa, CRE carbapenem-resistant Enterobacterales, MRSA
methicillin-resistant Staphylococcus aureus
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prevent the necessary administration of superfluous an-
timicrobial agents that may result in adverse drug ef-
fects, Clostridium difficile infections, antibiotic resis-
tance, and extra economic costs. The risk factors for
MDR pathogens detected in our study were similar to
those observed in previous studies and partially overlap,
including the duration of ICU stay, prior antimicrobial
therapy [21], and chronic liver disease [15]. Previous
studies also defined some important risk factors, includ-
ing colonized with MDR [22], age [15], and chronic
obstructive pulmonary disease [23]. Transferred from
other hospitals was associated with MDR in our study.
A possible explanation is that the patients transferred
from other hospitals had a longer durat ion of
hospitalization.

Our study has several limitations. First, our study
was conducted in 15 tertiary care hospitals; hence, the
results cannot be generalized to other smaller Chinese
hospitals. In addition, the pathogens identified in the
present study were obtained from sputa sample, ac-
counting for 60%, which may not have been the cause
of pneumonia. Third, the appropriateness of antimicro-
bial treatments was not evaluated in our study. Finally,
as for other multicenter studies based mainly on elec-
tronic health records, some risk factors were not ade-
quately reported as the reporting procedures were not
fully assessed.

In conclusion, distribution of pathogens causing HAP in
China remained stable, while their antibiotic resistance pro-
files gradually changed in the last decade, indicating that close
monitoring of those pathogens is crucial for preventing further
emergence of resistance, the development of treatment guide-
lines, and improving clinical therapy. The risk factors for HAP
mortality and MDR pathogens will serve as a basis to appro-
priately manage high-risk populations in the future.
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