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Abstract

Background Hospital-acquired infections (HAIs) are a major health challenge, especially for developing countries.
Therefore, this study investigated the prevalence of HAIs in 42 Chinese hospitals in Weifang, China.

Methods The definition of HAls was identified using the Ministry of Health of the People’s Republic of China. One-
day cross-sectional surveys were annually performed from 2015 to 2020. The trained staff collected information on
the prevalence of HAls, isolated pathogens, and antibiotic use.

Results Among the surveyed inpatients, 1.66% developed HAIs, with a significant decline in HAI prevalence from
2015 (1.84%) to 2020 (1.55%) (Z = -4.206, P<0.001). The ICU exhibited the highest prevalence of HAIs at 19.04%.

Lower respiratory tract infections accounted for 46.32% of total cases. Moreover, a total of 1,297 bacterial isolates
were identified, with Pseudomonas aeruginosa (218 isolates, 16.8%), Klebsiella pneumoniae (199 isolates, 15.3%), and
Escherichia coli (133 isolates, 10.3%) being the most prevalent. The most frequently detected resistant pathogen was
Carbapenem-Resistant Enterobacteriaceae(218 isolates,37.20%).Antimicrobial usage reached 35.19%, accompanied by a
notable increase in pathogen testing submissions over the study period (Z=4.287, P<0.001).

Conclusions The overall prevalence of HAls across 42 hospitals shows a declining trend. The prevention and control
of healthcare-associated pathogens and multidrug-resistant organisms remain key priorities. Ensuring the rational use
of antimicrobial agents is also a critical focus for future efforts.
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Introduction

Hospital-acquired infections (HAIs) are infections
that develop in patients during their stay in health-
care facilities, typically emerging more than 48 h after
admission and caused by various pathogens, including
bacteria, viruses, and fungi [1-4]. HAIs are considered

*Correspondence:

Hongqing Liu

liuhg576@163.com

'School of Public Health, Shandong Second Medical University, Weifang,
China

K BMC

critical indicators of patient safety in healthcare set-
tings [5]. According to the data reported by the World
Health Organization (WHO), millions of patients world-
wide experience complications or death due to HAIs
annually, with an annual growth incidence of HAIs of
approximately 0.06% [6]. HAIs place substantial financial
burdens on healthcare systems due to prolonged hospital
stays, additional treatments, and diagnostic tests [7-9].
Moreover, HAIs negatively affect patient outcomes and
increase the economic burden on individuals [10]. When
caused by multidrug-resistant organisms(MDROs), HAIs
complicate treatment decisions and pose significant
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public health challenges [11]. Inappropriate antibiotic use
and preventable HAIs requiring antibiotic treatment may
accelerate the development of antimicrobial resistance,
further restricting future treatment options.

In developing countries, the prevalence of HAIs is esti-
mated at 15.5% [12]. While preventive measures have
been implemented, research and management of HAIs in
China began relatively late and remain in the early stages
of development. Between 2018 and 2020, the preva-
lence of HAIs in Chinese hospitals showed a downward
trend, with prevalence values of 1.91%, 1.86%, and 1.65%,
respectively [13]. However, challenges persist, such as the
improper use of antibiotics and the emergence of drug-
resistant pathogens [14]. HAIs involving drug-resistant
organisms have become a global crisis, exacerbated by
the limited development of new antimicrobial drugs
[15]. The implementation of two National Action Plans
to Combat Antimicrobial Resistance (2016—2020, 2022—
2025) has contributed to a significant reduction in anti-
biotic consumption, accompanied by a stabilization or
decline in the prevalence of key resistant bacterial strains
in China in recent years [16—19].

Importantly, studies suggest that restricting the inap-
propriate use of antimicrobial drugs may curb the emer-
gence of antibiotic resistance [20]. Certain infections,
such as bloodstream infections and respiratory tract
infection, have been on the rise in recent years, indicating
the need for continued research and targeted interven-
tions [21]. Comprehensive, integrated intervention strat-
egies have been shown to reduce the prevalence of HAIs
by 35-55% [22]. Effective HAIs monitoring is crucial for
assessing the effectiveness of preventive measures, iden-
tifying risk factors, and providing reliable data on disease
occurrence. Such step is vital for improving healthcare
quality and refining clinical services.

Therefore, this study conducted a retrospective analysis
of targeted HAIs surveillance over six years in 42 hospi-
tals in Weifang, Shandong Province, China. The objective
was to provide a deeper understanding of the epidemi-
ological characteristics, current trends, and antibiotic
resistance patterns of HAIs. The findings are expected
to contribute to policy formulation, enhance healthcare
quality, and improve disease monitoring and early warn-
ing systems.

Methods

Study design and setting

The research population consisted of all inpatients from
42 secondary or higher-level hospitals in Weifang, Shan-
dong Province, China. This included individuals dis-
charged, transferred, or deceased on the survey day but
excluded newly admitted patients. Each year, from 2015
to 2020, a single random day was selected for the sur-
vey. On that day, from 00:00 to 24:00, data were collected
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using a combination of medical record reviews and bed-
side investigations.

A cross-sectional survey was performed annually to
collect clinical data from all hospitalized patients. This
survey was executed by a dedicated team of infection
control staff, attending physicians, infection control doc-
tors, and nurses. Data collection was standardized using
case registration and bedside survey forms designed by
the National Hospital Infection Control Quality Con-
trol Center. Information was gathered through medical
records and bedside consultations.

The collected data included patient demographics,
infection status (hospital-acquired and community-
acquired), antimicrobial usage, pathogen testing before
antimicrobial administration, and bacterial resistance.
HAIs were diagnosed based on the Hospital Infection
Diagnostic Standards(Trial), which define HAIs as infec-
tions occurring 48 h or more after hospital admission
that were neither present nor incubating at the time of
admission [23]. Antimicrobial use was defined as (1) any
systemic antibiotic or antifungal prophylaxis adminis-
tered within 24 h prior to the survey, or (2) any systemic
antibiotic or antifungal medication used on the survey
date.All data were systematically entered into the hos-
pital infection prevalence database and uploaded to the
online hospital infections monitoring system in Weifang,
Shandong Province, China.

Statistical analyses

Categorical variables were expressed as frequencies
and percentages. The Cochran-Armitage trend test
was applied to evaluate changes in the prevalence of
HAIs, pathogen distribution, infection sites across dif-
ferent years, antimicrobial drug usage rate, and the rate
of pathogen testing prior to antimicrobial therapy over
time. All statistical analyses were conducted using R ver-
sion 4.3.2. The two-tailed P-value of less than 0.05 was
considered statistically significant.

Results

Prevalence of HAIs and infection episode rate across
different years

As shown in Table 1, a total of 157,009 inpatients were
monitored, with 2,605 developed HAIs, yielding an over-
all infection prevalence of 1.66%, of whom 2470 (94.80%)
had 1 HAI, 120 (4.61%) had 2 HAIs, and 15 (0.58%) had
3 HAIs. The prevalence of HAIs declined from 1.84 to
1.55% (15.76% reduction), while the infection episode
rate decreased from 1.92 to 1.59%. These trends were
statistically significant (Cochran-Armitage Trend Test:
Prevalence of HAIs: Z=-4.206, P<0.001; Infection Epi-
sode rate: Z=-4.363, P<0.001). The bed numbers for each
hospital are included in Supplementary Table S5.
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Table 1 Prevalence of HAls and infection episodes rate

(2015-2020)

Year Total Num- Preva- Number of Infec-
Patients ber of lence of Infection  tion
Surveyed Infections HAIs (%) Episodes Episode

Rate (%)

2015 20,871 385 1.84 400 1.92

2016 23,611 415 1.76 429 1.82

2017 26,211 490 1.87 536 2.04

2018 27,857 452 1.62 483 1.73

2019 29,192 409 140 443 1.52

2020 29,267 454 1.55 464 1.59

Total 157,009 2,605 1.66 2,755 1.75

The Cochran-Armitage Trend Test results for both the Prevalence of HAls and
the Infection Episode Rate are as follows: Prevalence of HAls: Z=-4.206, P< 0.001;
Infection Episode Rate: Z=-4.363, P<0.001

Prevalence of HAIs by department

HAIs were identified across all 63 departments, with 8
reporting a prevalence exceeding 2%. The departments
with the highest prevalence, in descending order, were:
ICU (19.04%), Hematology (10.02%), Burn Unit (5.66%),
Neurosurgery (5.58%), Neonatology (3.36%), Oncology
(3.09%), Thoracic Surgery (2.94%), and Colorectal Sur-
gery (2.22%). All of the above-listed department types
had 36 departments involved in the study, except for neo-
natology, which had 42. The prevalence of HAIs for each
department was calculated as the number of HAIs in that
department divided by the number of patients assessed
within that department. The annual prevalence of HAIs
across the 63 departments is provided in Supplementary
Table S1.

The ICU showed an initial increase in infection prev-
alence between 2015 and 2016, peaking slightly, fol-
lowed by a gradual decline, though a secondary rise was
noted in 2019. Despite this fluctuation, the overall trend
remained downward (Z=-3.216, P=0.001). Neurosurgery
consistently decreased infection prevalence throughout

— — [\e] [§S)
(e W S (]

Prevalence of HAIs(%)

(9,

Page 3 of 11

the study period (Z=-5.078, P<0.001). The Burn Unit
experienced a marked decline between 2016 and 2017,
with a minor rebound from 2018 to 2020, yet the overall
trend was downward (Z=-2.545, P=0.010). Both Thoracic
Surgery and Neonatology saw reductions in infection
prevalence from 2015 to 2016, followed by minor peaks in
2017, and a continuation of the downward trend thereaf-
ter (Thoracic Surgery: Z=-2.601, P=0.009; Neonatology:
Z=-2.196, P=0.028). Anorectal Surgery, after a decline
from 2016 to 2017, showed a steady increase in infection
prevalence (Z=3.991, P<0.001) (Fig. 1). Detailed results
of the Cochran-Armitage Trend Test for departments are
available in Supplementary Table S4.

Summary of HAls sites and pathogen distribution

Table 2 presents the distribution of HAIs by infection site
and their corresponding pathogens. Lower respiratory
tract infections (LRTIs) were the most prevalent (46.32%),
followed by upper respiratory tract infections(URTIs)
(10.34%), urinary tract infections (UTIs) (10.78%), and
surgical site infections (SSIs) (6.86%). Among the isolated
pathogens (n=1,297), Pseudomonas aeruginosa (16.8%)
and Klebsiella pneumoniae (15.3%) were the most com-
mon, while Escherichia coli, Acinetobacter baumannii,
and Staphylococcus aureus also frequently detected.

Distribution of hospital-acquired infection sites

As illustrated in Fig. 2, from 2015 to 2020, the proportion
of LRTIs showed a significant decline, dropping from
50.75 to 39.22% (Z=-4.289, P<0.001). Similarly, intracra-
nial infections reduced from 1 to 0% over the same period
(Z=-3.376, P<0.001). In contrast, gastrointestinal infec-
tions increased notably from 3.25% in 2015 to 8.62% in
2020 (Z=3.229, P=0.001). SSIs also showed a substantial
rise, increasing from 2.75 to 7.54% (Z=3.851, P<0.001).
Additionally, skin and soft tissue infections increased
significantly, from 1.50 to 7.54% (Z=3.796, P<0.001),

Department
Anorectal Surgery
Bum Surgery
Hematology
cu
Medical Oncology

Neonatology

Thoracic Surgery

2015 2016 2017

Year

Fig. 1 Trends in HAI Prevalence by Department (2015-2020)

2018 2019 2020
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Fig. 2 Trend Analysis of Infection Proportions by Site in Hospitals (2015-2020)
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Fig. 3 Trends in the proportions of pathogens in HAIs (2015-2020)

while blood vessel-related infections experienced a mod-
est increase from 0.75 to 1.72% (Z£=2.702, P=0.007).
Detailed results of the Cochran-Armitage Trend Test
for infection sites are available in Supplementary Table
S4,with the annual distribution of infection sites available
in Supplementary Table S2.

Composition of pathogens in Hospital-Acquired infections
As detailed in Fig. 3, a total of 1,297 pathogenic strains
were isolated from the 42 hospitals. E. coli showed a
notable increase in cases between 2019 and 2020, despite
an overall declining trend (Z=-2.856, P=0.004). Simi-
larly, Streptococcus pneumoniae exhibited a consistent
decrease over time (Z=-2.856, P=0.004). Detailed results
of the Cochran-Armitage Trend Test for all bacterial
pathogens are available in Supplementary Table S4, with

2019 2020

the annual distribution of pathogens available in Supple-
mentary Table S3.

Changes in the proportions of MDROs

Table 3 presents the annual counts and proportions
of MDROs identified from 2015 to 2020. The most fre-
quently detected were carbapenem-resistant Entero-
bacteriaceae (CRE, 11-79 per year, with substantial
year-to-year fluctuation, accounting for 37.20%), fol-
lowed by carbapenem-resistant Acinetobacter bauman-
nii (CRAB, 11-44 per year, accounting for 20.65%),
methicillin-resistant Staphylococcus aureus (MRSA, 5-25
per year, accounting for 18.26%), and carbapenem-resis-
tant Pseudomonas aeruginosa (CRPA, 19-22 per year,
accounting for 21.16%). Vancomycin-resistant Entero-
coccus (VRE,0-9 per year, accounting for 2.73%) was the
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Table 3 Annual changes in the proportions of MDROs(2015-2020)
MDRO Strains (%)

2015 2016 2017 2018 2019 2020 Total
Carbapenem-Resistant Enterobacteriaceae(CRE) 27 (34.18) 79(60.77) 1(15.07) 55(38.73) (27 92)  25(29.76) 218(37.20)
Methicillin-Resistant Staphylococcus aureus (MRSA) 9(11.39) 9(6.92) 25(34.25)  20(14.08) (26.92)  23(27.38) 07(1 8. 26)
Carbapenem-Resistant Pseudomonas aeruginosa(CRPA) 20 (25.32) 22 (6.92) 21(28.78)  22(1549) 19(2436) 20(23.871) 24(21.16)
Carbapenem-Resistant Acinetobacter baumannii(CRAB) 22 (27.85) 11 (8.46) 2(1645) 44 (30.99) 17 (21.79) 15(17.86) 121(20. 65)
Vancomycin-Resistant Enterococcus (VRE) 1(1.27) 9(6.92) 4 (5‘48) 1(0.70) 0 (0.00) 1(1.19) 16(2.73)
Total 79(23.09) 130(100.00) 73(100.00) 142 (100.00) 78(100.00) 84 (100.00) 586(100.00)

least common, with no isolates detected in 2019. The
years 2016 and 2018 represented peaks in MDROs detec-
tion, with totals of 130 and 142 isolates, respectively,
making the highest numbers recorded during the study
period.

Antimicrobial drug use and pathogen detection analysis
Between 2015 and 2020, a total of 156,009 hospitalized
patients were included in this survey, among whom
54,907 received antimicrobial drugs, resulting in an aver-
age prevalence of 35.19%. Of those receiving antimicro-
bial treatment, 36,990 cases (67.37%) were prescribed
for therapeutic purposes. Regarding combination ther-
apy,39,090 patients (70.75%) received a single antimicro-
bial agent, 15,205 (27.52%) received dual combination
therapy, and 818 (1.48%) were treated with three antimi-
crobial agents, whereas 144 (0.26%) received more than
three antimicrobial agents. During the six-year study
period, clinical specimens for pathogenic microorgan-
isms testing were submitted for 1103 patients, result-
ing in a submission rate of 50.89%, which showed a
significant upward trend over time (Z=4.287, P<0.001)
(Table 4).

Discussion

This study analyzed data from 156,009 hospitalized
patients across 42 hospitals in Weifang City, Shandong
Province, China, from 2015 to 2020, focusing on antimi-
crobial use and HAIs. The overall prevalence of HAIs was
1.66%, showing a gradual decline over time. Compared
to the reported prevalence in other countries—such as
Singapore (11.9%) [24], Germany (4.6%) [25], Switzer-
land (5.6%) [26], Italy (5%) [27], and the United States
(5%) [28]—the prevalence observed in our study is nota-
bly lower. This discrepancy is likely attributable to several
methodological differences. First, diagnostic criteria dif-
fer significantly across countries. The Hospital Infection
Diagnostic Standards (2001 edition) used in China do
not explicitly define certain key HAIs, such as viral infec-
tions, catheter-related bloodstream infections, and ven-
tilator-associated pneumonia. In contrast, the Centers
for Disease Control and Prevention-National Healthcare
Safety Network in the United States regularly updates
and expands its definitions [29]. Consequently, the

narrower diagnostic framework may lead to an under-
estimation of HAIs prevalence. Second, underreporting
remains a substantial issue. In China, improving the iden-
tification and documentation of HAIs has been a central
focus of infection control [30]. However, studies report
underreporting of 5.97% in secondary hospitals and up
to 7.19% in tertiary hospitals, particularly in the central
region [13, 31]. Surveillance systems often rely heavily
on case records and laboratory results, which may omit
clinically significant cases. Similar underreporting pat-
terns have been observed elsewhere. For instance, Roma-
nia reported the HAI prevalence of just 2.6% between
2015 and 2019, substantially below the European average
(7.5%), likely due to deficiencies in reporting infrastruc-
ture [7]. Beyond methodological concerns, underreport-
ing raises ethical issues. Missed or unreported HAIs can
delay clinical intervention, directly compromising patient
safety. Inaccurate documentation may also undermine
patient confidentiality, reduce transparency, and weaken
accountability. Therefore, accurate and timely reporting
is crucial not only for effective infection surveillance but
also for maintaining ethical standards in clinical prac-
tice and protecting patient rights. Transparency in HAI
reporting is essential to ensure accuracy and uphold
ethical care standards. Reporting practices should align
with global patient safety frameworks, such as those out-
lined by the WHO, to enhance data integrity, promote
accountability, and safeguard patient rights. Third, dif-
ferences in data collection frequency and reporting prac-
tices further affect comparability. The European Centre
for Disease Prevention and Control (ECDC) conducts
a standardized point prevalence survey every five years,
while our study uses an annual survey with random sam-
pling [32]. The ECDC’s one-day cross-sectional approach
offers greater timeliness and consistency, whereas varia-
tions in our sampling period may reduce sensitivity to
short-term trends. Although both systems employ elec-
tronic data collection tools, the ECDC applies more rig-
orous data validation procedures, resulting in higher data
accuracy and reliability. These differences likely contrib-
ute to variability in HAI prevalence across studies. To
facilitate clearer comparison, we have included Table S6
in the supplementary materials, which outlines the key
methodological differences between this study and the
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Table 4 Analysis of antimicrobial drug use and clinical pathogen submission rates among hospitalized patients (2015-2020)

Rate of Pathogen
Testing Prior to

Composition of Antimicrobial Combination Therapy (%)

Composition of Antimicrobial Drug Usage Purpose (%)

Therapeutic

Antimicrobial
Drug Usage
Rate (%)

Number

Year

Quadruple
or More

Triple

Dual

Single
Drug

Therapeutic+ Prophylactic

Prophylactic

of Patients
Surveyed

Antimicrobial
Therapy (%)

Combination

Combination

Combination

4277
4322

0.05
0.07
0.07
0.77
0.09
0.09
0.26

1.12
1.63
1.63
247
1.26
122
148

32.00
30.10

66.82
68.19

578
1

30.57
31.94
2744
26.29

63.65
60.94

36.22
34.74
38.22

4517

30.10

68.19

6.73
6.32
3.08

65.83
67.40

4872

2746
27.33

2341

69.30

36.44
33.86
31.07

35.19

(2025) 25:658

51.51

71.31

23.02
26.06
27.31

73.90
70.82
67.37

7295
50.89

75.28
70.75

2020
Total

29,267

27.52

533

157,009

0.450; Rate

The Cochran-Armitage Trend Test results for both the Antimicrobial Drug Usage Rate and the Rate of Pathogen Testing Prior to Antimicrobial Therapy are as follows: Antimicrobial Drug Usage Rate: Z=-0.756, P

of Pathogen Testing Prior to Antimicrobial Therapy: Z=-4.287, P<0.001
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ECDC protocol, particularly those that may affect data
comparability. The ECDC’s monitoring framework offers
several valuable lessons for enhancing HAI surveillance
in China, including the regular revision of standardized
diagnostic criteria, the implementation of a structured
and validated electronic data collection system, and the
provision of comprehensive training programs to ensure
data consistency and reliability. Adapting these practices
could substantially improve the accuracy, comparability,
and utility of HAI data in the Chinese healthcare context.
Nevertheless, the implementation of real-time monitor-
ing networks, intelligent early-warning systems, and
enhanced governmental oversight has played a signifi-
cant role in improving the detection of HAIs and mitigat-
ing underreporting [33, 34]. However, continued efforts
are essential to standardize diagnostic criteria, enhance
surveillance methodologies, and improve data compa-
rability across regions. Future research should consider
integrating such data with advanced data analytics and
Al-driven tools to optimize infection control strategies,
improve intervention effectiveness, and minimize report-
ing biases.

In the ICU, which plays a critical role in managing
severe cases, the prevalence of HAIs was markedly higher
than in other departments, with notable year-to-year
fluctuations. A global point prevalence study involving
1,150 ICUs in 88 countries found that the prevalence of
ICU-acquired infections was 22.0% [35]. In this study, the
ICU infection prevalence was recorded at 19.54%, which
is slightly higher than prevalence observed in Wuhan
City (19.09%) [36], Heilongjiang Province (12.87%) [37],
and Anhui Province (10.64%) [38], but lower than those
reported in Switzerland (26.2%) [26] and Singapore
(37.0%) [24]. From 2015 to 2016, the ICU infection preva-
lence demonstrated an upward trend, subsequently stabi-
lizing or declining (Z=-3.216, P=0.001). This fluctuation
may be attributed to increased patient volume and illness
severity during that time, which likely strained infection
control capacity. The subsequent decline in infection
rates is plausibly linked to targeted interventions, includ-
ing improved hand hygiene compliance, implementa-
tion of central line-associated bloodstream infection
(CLABSI) prevention protocols, and enhanced staff train-
ing and surveillance. These context-specific strategies—
particularly in high-risk units such as the ICU—appear
to have played a key role in improving infection control
outcomes and reducing nosocomial infection risks.

Departments performing complex and prolonged
surgical procedures, such as gastrointestinal surgery,
thoracic surgery, and neurosurgery, are particularly vul-
nerable to wound infections. Many patients may also be
immunocompromised pre- and post- surgery, height-
ening their susceptibility to infections. The observed
increase in infection prevalence within gastrointestinal
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surgery may be attributable to targeted monitoring ini-
tiatives introduced in 2018,which included strengthened
surveillance and enhanced reporting practices specifi-
cally implemented in gastrointestinal surgery wards.
Nonetheless, the neurosurgery department demon-
strated an overall declining trend in the prevalence of
HATIs, indicating effective infection control progress. The
neonatology department reported an HAI prevalence
of 3.36%, lower than 7.16% reported in Italy [39]. Given
the vulnerability of newborns, particularly those who are
extremely premature or low-birth-weight, strict infection
control measures are imperative. These measures should
include adherence to aseptic techniques, regular disinfec-
tion of medical equipment, infection prevention training
for healthcare staff, enhanced environmental hygiene in
wards, and timely monitoring and response mechanisms
for infections.

Infection predominantly occurred in the lower respira-
tory tract, consistent with findings from relevant stud-
ies in China [40, 41] and Europe [42-45]. While LRTIs
remained the most common type of infection, they
exhibited a declining trend from 2015 to 2020, likely
reflecting improved infection control measures and anti-
biotic stewardship. Notably, in 2020, the proportion of
LRTIs reached the lowest level observed in our dataset,
which may be attributed to the strict infection prevention
and control measures implemented during the COVID-
19 pandemic, including universal masking, enhanced use
of personal protective equipment, and patient cohorts.
These interventions likely reduced the cross-transmis-
sion of respiratory pathogens. However, this trend con-
trasts with findings from Africa [46, 47], where infections
predominantly occurred in SSIs. Similarly, data from
the National Healthcare Safety Network (NHSN) in the
United States indicated that SSIs accounted for 42.4% of
all HAIs, followed by catheter-associated UTIs (29.7%)
and CLABSI (25.3%) [48]. In this study, SSIs exhibited a
noticeable upward trend, which may be attributable to
the implementation of more stringent control policies
and enhanced institutional focus on surveillance. Specifi-
cally, the increased frequency of hospital-wide prevalence
surveys, the establishment of dedicated surgical infection
monitoring teams, and the introduction of standardized
perioperative antibiotic prophylaxis protocols have likely
improved the identification and reporting of SSIs. These
changes reflect a shift from under-recognition to more
active detection, thereby contributing to the observed
increase.

The most frequently isolated pathogens were P. aerugi-
nosa, K. pneumoniae, and E. coli, aligning with findings
from other studies in China [40, 49]. These pathogens
were predominantly associated with LRTIs (46.32%),
UTTIs (10.78%), and URTIs (10.34%), which were the most
common infection sites observed. A nationwide study
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in China reported that respiratory infection constituted
52.22% of HAIs [50], a proportion substantially higher
than those typically reported in Western countries,
reflecting a greater burden of pneumonia among HAIs
cases in China. In contrast, SSIs represent a larger pro-
portion of HAIs in Western hospitals [51]. For example,
data from the U.S. NHSN data indicate that S. aureus is
the most common pathogen responsible for SSIs [48].
Consistent with this difference, our study found a rela-
tively low proportion of SSIs (6.86% of HAIs), which cor-
responded with a lower prevalence of S. aureus (6.2% of
isolates) compared to predominance of Gram-negative
bacteria. This microbial distribution pattern may reflect
underlying antibiotic usage practices within hospital set-
tings. The predominance of Gram-negative pathogens,
particularly P aeruginosa and K. pneumoniae, is poten-
tially associated with the widespread use of broad-spec-
trum antibiotics, including carbapenems. The overuse or
inappropriate use of these agents can exert substantial
selective pressure, facilitating the emergence and persis-
tence of multidrug-resistant Gram-negative bacteria [52].
This underscores the importance of antimicrobial stew-
ardship programs that aim to optimize antibiotic selec-
tion and reduce unnecessary use of last-line agents.

Additionally, E. coli, a major pathogen in UTIs, was
predominantly isolated from UTIs (27.6%) and intra-
abdominal infections (14.3%) in our study. The incidence
of E. coli showed significant fluctuations, with a notable
increase from 2019 to 2020 despite an overall declining
trend (Z=-2.856, P=0.004). Several factors may contrib-
ute to this variability, including advancements in infec-
tion control measures, shifts in antibiotic prescribing
patterns, and changes in patient demographics. Under-
standing these trends is crucial for developing effective
HATI control strategies. Overall, our findings underscore
the importance of considering regional variations in
infection epidemiology when designing prevention and
control measures. Given the high burden of respiratory
HAlIs in China, targeted interventions—such as strength-
ened pneumonia prevention strategies and enhanced
antimicrobial stewardship—are especially warranted to
control Gram-negative bacterial infections.

Extensive research has established a strong correlation
between the rise of antimicrobial resistance and the inap-
propriate use of antimicrobial agents. Minimizing irra-
tional prescriptions is crucial for mitigating the spread of
resistance [49, 53]. Our findings align with studies from
other regions in China, confirming that carbapenem-
resistant bacteria are the predominant MDROs in HAIs
[54]. The widespread use of carbapenem antibiotics, par-
ticularly in Central Asia, has contributed to rising resis-
tance rates [55]. However, unlike most Chinese regions
where CRAB is typically the dominant MDRO, our study
identified CRE as the most frequently isolated pathogen
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[56, 57]. The highest MDROs counts were recorded in
2016 and 2018, with CRE being the most frequently iso-
lated pathogen in both years. This surge underscores the
need for targeted interventions to control CRE infec-
tions, particularly in healthcare settings where preva-
lence exhibit significant fluctuations. Such variations
may be influenced by differences in antibiotic prescribing
patterns and infection control measures, highlighting the
importance of region-specific antimicrobial stewardship
strategies.

VRE was the least frequently detected pathogen, a
trend consistent with findings from other regions in
China, with occasional years of zero detection [58]. Nev-
ertheless, its occasional presence highlights the impor-
tance of continued monitoring. The variability observed
in absolute MDROs counts emphasizes the importance
of continuous evaluation and adaptive improvements in
infection control strategies and antimicrobial steward-
ship programs, which are essential for effectively man-
aging resistance and reducing the burdens of associated
infections.

The average prevalence of antibiotic use among hospi-
talized patients in Weifang was 35.19%, which complies
with the threshold recommended by the National Health
Commission of China, stating that antibiotic utiliza-
tion among inpatients should remain below 60.0% [59].
However, this level exceeds the World Health Organiza-
tion’s recommendation of less than 20% [60]. Compared
to European nations, where antibiotic usage rates range
from 14.5-22.3% [61-63], this rate reflects a persistent
reliance on antimicrobial agents in Chinese hospitals.
To mitigate this, comprehensive measures should be
adopted, including enhanced antibiotic management,
clinical training, improved diagnostic capabilities, and
multidisciplinary collaboration with continuous moni-
toring and feedback. These strategies aim to improve
HAI control, enhance patient safety, and reduce inap-
propriate antibiotic use. A notable shift in antimicrobial
prescribing patterns was observed over the six-year study
period. The use of single-agent therapy increased from
5,051 patients (66.82%) in 2015 to 6,805 patients (75.28%)
in 2020, while dual combination therapy declined from
2,419 patients (32.00%) to 2,116 patients (23.41%) over
the same period. Furthermore, the number of patients
receiving exactly three antimicrobial agents remained
relatively stable, increasing slightly from 85 (1.12%) in
2015 to 110 (1.22%) in 2020, while the number of patients
receiving more than three agents also remained relatively
stable, increasing from 4 (0.05%) to 8 (0.09%). Although
the proportion of patients receiving three or more anti-
biotics remained relatively low, this pattern warrants
attention, as it may reflect the presence of complex infec-
tions, empirical overtreatment, or gaps in diagnostic con-
fidence, all of which could undermine stewardship efforts
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if not carefully monitored. This shift toward single-agent
therapy likely reflects improved adherence to antimicro-
bial stewardship principles aimed at minimizing unnec-
essary combination therapy. The rate of pathogen testing
before antibiotic administration significantly increased
from 42.77% in 2015 to 72.85% in 2020 (Z=4.287,
P<0.001), exceeding the recommended threshold of
>50% set by national guidelines. This increase high-
lights a growing emphasis on pathogen identification in
the hospital setting, which contributes to more accurate
diagnoses and supports rational antibiotic use, thereby
reducing reliance on empirical broad-spectrum therapies
and mitigating the risk of antimicrobial resistance.

These findings provide a robust foundation for the
development of evidence-based guidelines on rational
antibiotic use, the enhancement of infection surveil-
lance systems, and the improvement of healthcare qual-
ity. However, several limitations must be acknowledged.
First, the study’s focus on a single city constrains the gen-
eralizability of the findings to other regions or national
contexts.Second, the retrospective design may have
introduced potential biases or inconsistencies in data
collection and recording.Third, we lacked data on the
total number of tested isolates for each bacterial species,
which limited our ability to calculate resistance rates and
conduct trend analyses.Future research should expand
the scope of monitoring to include diverse geographical
regions, employ prospective study designs to mitigate
biases, and incorporate complete isolate data to enable
more accurate and standardized analysis of antimicrobial
resistance trends.

Conclusions

This study provides key insights into the prevention and
control of HAISs, highlighting the importance of strength-
ening infection control measures, responsible antimi-
crobial use, and improved pathogen detection. While
limited to one city, the findings suggest that expanding
future research to broader regions is essential to obtain
more representative conclusions. Future studies should
focus on in-depth analysis of specific infection types and
more detailed data collection to enhance the applicabil-
ity of the findings. Furthermore, enhanced multidisci-
plinary collaboration, continuous monitoring, and policy
development are essentialcto further reduce infection
prevalence and antimicrobial resistance, ensuring better
patient outcomes.
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