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Objective: To investigate the current patterns of antimicrobial use among 
nonsurgical inpatients across 25 general hospitals in Shanxi Province and to 
evaluate the antimicrobial use rate, antimicrobial use density (AUD), days of 
therapy (DOT), length of therapy (LOT), and the application of cluster analysis in 
monitoring antimicrobial prescribing practices.

Methods: This study included 25 general hospitals covering 11 cities in Shanxi 
Province. In total, 2064 hospitalized nonsurgical patients were evaluated for 
antimicrobial use between December 1, 2022, and January 31, 2023. Data 
collected included the proportion of antimicrobial prescriptions, antimicrobial 
use rate, AUD, DOT, and LOT. Statistical analyses were conducted using IBM 
SPSS version 21.0. Cluster analysis was employed to categorize the 25 hospitals 
systematically.

Results: Among the hospitals, the antimicrobial utilization rate ranged from 43.00 
to 83.33%. The intensity of antimicrobial use ranged from 40DDDs/ 100pd to 
98.99DDDs/100pd. DOT values ranged from 380/1000pd to 713/1000pd, while 
LOT ranged from 425/1000pd to 1,014/1000pd. The top three antimicrobial 
classes by AUD were third-generation cephalosporins (15.38 DDDs/100pd), 
quinolones (13.60 DDDs/100pd), and cephalosporins (11.54 DDDs/100pd). 
The ICU had the highest antimicrobial use rate and AUD—91.67% and 133.28 
DDDs/100pd, respectively —and the longest DOT (1,230/1000 pd). The infection 
department recorded the highest LOT (988/1000pd). In pediatrics, the AUD and 
DOT were 53.77DDDs/ 100pd and 1,106/1000pd, respectively. The 25 hospitals 
were grouped into three distinct clusters via cluster analysis. Statistically 
significant differences in some antimicrobial indicators were observed among 
the groups (p < 0.05).

Conclusion: Across the 25 hospitals, the rate and intensity of antimicrobial use 
were relatively high in institutions and departments. During the study period, the 
use of cefoperazone/sulbactam and fluoroquinolones increased. Concurrently, 
the combined use of AUD and DOT provided complementary perspectives for 
evaluating antimicrobial consumption, allowing for a more comprehensive 
understanding of exposure levels across hospitals and departments. Cluster 
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analysis provides valuable insights for identifying patterns into antimicrobial 
management and usage.

KEYWORDS

antimicrobial use, public hospitals, antimicrobial stewardship, clustering analysis, 
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1 Introduction

The global rise of antimicrobial-resistant bacteria is accelerating 
due to the widespread use of antimicrobial drugs, and China is no 
exception (1). The overall drug resistance rate remains high, posing a 
significant threat to effective clinical treatment. Current estimates 
indicate that causes at least 700,000 deaths annually worldwide, a 
figure projected to reach 10  million per year by 2025, thereby 
representing a severe risk to public health and human safety (2). 
Inappropriate antimicrobial use has emerged as a critical global public 
health concern that must be  urgently reduced. Without effective 
measures to curb antimicrobial misuse and suppress the spread of 
resistant pathogens, patient outcomes will continue to deteriorate, 
resulting in prolonged hospitalizations, higher mortality rates, and 
increased healthcare costs (3–5).

The Chinese government has consistently prioritized the rational 
use of antimicrobials and has strengthened drug management through 
policy guidance, technical support, data surveillance, supervision and 
inspection, as well as public education (6–9). To support clinicians in 
improving infectious disease diagnosis and treatment while preventing 
antimicrobial misuse, the Guiding Principles for Clinical Application 
of Antimicrobial and the National Guidelines for Antimicrobial 
Therapy have been successively issued and regularly updated (6, 10). 
Efforts have also been made to collect, sort, and analyze national 
antimicrobial surveillance data (11). Key antimicrobial indicators, 
such as the consumption (defined daily doses, DDDs) and usage 
intensity (i.e., DDDs/100 patient-days; pd), are statistically assessed 
across medical institutions, provincial units, and nationwide to 
determine whether antimicrobial use remains within established 
surveillance thresholds. In alignment with the goal of the World 
Health Organization to increase public awareness of antimicrobial 
resistance, an “Antimicrobial Awareness Week” campaign has been 
implemented (12). In 2022, 13 ministries and commissions, including 
the National Health Commission, Ministry of Education, and 
Ministry of Science and Technology, jointly issued the National Action 
Plan for the Containment of Microbial Resistance (2022–2025). This 
plan emphasizes improving the monitoring and evaluation system to 
support enhanced rational use of antimicrobials and to strengthen 
scientific and technological research on the prevention and control of 
microbial resistance (13, 14).

Since the outbreak of various respiratory pathogens in 2022, 
clinical scenarios have become more complex, leading to increased 
antimicrobial use. While managing respiratory pathogen epidemics 
involves multiple competing priorities, rational management of 
antimicrobial remains limited. Therefore, this multicenter cross-
sectional study aims to calculate antimicrobial monitoring indicators, 
including DDDs and days of therapy (DOT), across hospitals and 
departments. We also analyzed the use of various antimicrobial agents 
to obtain accurate information regarding antimicrobial usage patterns. 
The findings could provide insights into developing and implementing 

tailored strategies and interventions at provincial and national levels 
to promote rational antimicrobial use during future health emergencies.

2 Materials and methods

2.1 Study design and setting

This study employed a cross-sectional design combined with real-
world collection through a case-based investigation. The lead research 
hospital developed the ‘Special Questionnaire on Antimicrobial Use 
and Intravenous Infusion in Nonsurgical Patients in Shanxi Province. 
Each participating branch center designated researchers and case 
reporters to complete the paper-based questionnaire using 
standardized methods. The leading research hospital appointed data 
checkers to electronically review the submitted questionnaires, input 
the data into an Excel database, and conduct data verification, quality 
control, statistical analysis, and summarization.

This multicenter, retrospective, cross-sectional study on 
antimicrobial use was conducted across 25 hospitals in Shanxi Province 
between December 1, 2022, and January 31, 2023. It included 3 
provincial-level tertiary hospitals, 11 prefecture-level tertiary hospitals, 
and 11 prefecture-level secondary hospitals. All cases during the study 
period were selected from the electronic medical record system, before 
being screened using random sampling. In total, 100 survey forms were 
completed in tertiary hospitals and 50 in secondary hospitals, and data 
on the demographic characteristics of patients and their antimicrobial 
use were collected. The following antimicrobial management indicators 
were statistically analyzed to monitor antimicrobial use and guide the 
development and improvement of rational use strategies: utilization rate, 
antimicrobial use intensity (AUI), DOT, and length of therapy (LOT).

2.2 Inclusion and exclusion criteria

Data analysis was performed on medication orders (including those 
not involving antimicrobials) and patient demographic and clinical 
information obtained from the electronic medical record system. The 
sample included patients randomly selected from 25 hospitals during the 
study period. Standard inclusion and sampling criteria were as follows: 
nonsurgical patients discharged between December 1, 2022, and January 
31, 2023, after a hospital stay of ≥3 days. Surgical and interventional 
procedures were defined according to the National Clinical Version 3.0 
Surgical Operation Classification Code (2022 summary version).

2.3 Outcome measurement

Primary outcomes included the distribution of antimicrobial use, 
reported individually or by category, as well as antimicrobial use 
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indicators: DOT, LOT (1,000 pd), and the DOT/LOT ratio. When only 
one class of antimicrobial was used in a hospital, the specific drug 
name was reported instead of the class. Secondary outcomes included 
the percentage of patients using an antimicrobial, AUI, the proportion 
of antimicrobial prescriptions, the proportion of intravenous (IV) 
versus oral prescriptions, and the proportion of antimicrobial drug 
categories (restricted, unrestricted, and special use).

2.4 Statistical analysis

IBM SPSS Statistics version 21.0 was used for data analysis. 
Cluster analysis was performed to systematically group the 25 
hospitals. ANOVA and the Kruskal–Wallis H test were used to assess 
intergroup differences. A p-value of < 0.05 was considered statistically 
significant. The Mann–Whitney U test with Bonferroni correction was 
used for post-hoc comparisons.

2.5 Ethical review

This study was reviewed and approved by the ethics committees 
of all 25 participating hospitals, including the Second Hospital of 
Shanxi Medical University (Center Ethics Approval reference number 
[2023] YX-334). Personally identifiable information—including 
patient names, ID numbers, and hospitalization numbers—was not 
recorded (only coded identifiers were used). All other personal data 
were kept strictly confidential. Throughout the data collection, the 
hospitals were numbered, and their names were anonymized. Since 
the study did not involve changes to treatment regimens for patients, 
23 hospitals were granted ethical exemptions. Two hospitals required 
verbal informed consent, which was obtained by telephone calls. 
During the call, the patients were informed of the purpose of the study 
and reminded of their right to decline participation.

3 Results

3.1 Overall use of antimicrobial agents in 
25 hospitals

In total, 2,064 nonsurgical inpatients with 18,187 medication 
orders were included in this study. Among these patients, 1,176 
(56.98%) were administered one or more antimicrobial agents during 
hospitalization. Antimicrobial prescriptions accounted for 10.66% 
(1,939/18,187) of all medication orders. Based on prescription 
frequency, the five most commonly used antimicrobial classes were as 
follows: third-generation cephalosporins at 25.48% (494/1,939), 
quinolones at 23.21% (450/1,939), cefoperazone and sulbactam at 
12.58% (244/1,939), penicillins at 10.62% (206/1,939), and 
combinations of penicillins, including β-lactamase inhibitors at 8.77% 
(170/1,939). Among the 1,164 individual antimicrobial prescriptions, 
95.62% (1,113/1,164) were administered via IV infusion, while 4.38% 
(51/1,164) were administered orally.

The patients were administered 508 days of antimicrobial 
treatment per 1,000 days (LOT = 508/1,000pd), and DOT was 
621/1,000pd. Among all antimicrobial agents, third-generation 
cephalosporins had the longest duration of use at 160/1,000pd, 

followed by quinolones (143/1,000pd), cefoperazone and sulbactam 
(83/1,000pd), penicillins (63/1,000pd), and combinations of 
penicillins, including β-lactamase inhibitors (56/1,000pd). The overall 
DOT/LOT ratio was 1.22, indicating that patients were administered 
an average of 1.22 antimicrobial agents during hospitalization.

Among all provinces, the cumulative DDDs of antimicrobials 
were 12,154.61, with 20,069 total hospital days, resulting in an overall 
AUI of 60.56 DDDs/100pd. The five most frequently used 
antimicrobial classes were third-generation cephalosporins (15.38 
DDDs/100pd), quinolones (13.60 DDDs/100pd), cephalosporins 
(11.54 DDDs/100pd), penicillins (5.45 DDDs/100pd), and 
combinations of penicillins, including β-lactamase inhibitors (4.29 
DDDs/100pd). The AUI for carbapenems was 1.29 DDDs/100pd.

3.2 Use of antimicrobials in different 
hospitals

Among the 25 hospitals included in this study, the proportion of 
antimicrobial orders ranged from 6.05 to 21.67% in secondary 
hospitals and from 7.44 to 19.82% in tertiary hospitals. Figure 1A 
shows the structural distribution of antimicrobial orders across 
individual hospitals. Table 1 lists the data on the number of patients, 
total medication orders, and antimicrobial use. During the study 
period, the antimicrobial utilization rate exceeded 60% in 7 of the 25 
hospitals, with a maximum of 83.33%. In secondary hospitals, this rate 
ranged from 44.00 to 83.33%, while in tertiary hospitals, it ranged 
from 43.00 to 64.00%. The antimicrobial utilization rate was generally 
high across all the hospitals, and significant differences were observed 
between institutions. Only one hospital met the standard threshold of 
40 DDDs/100pd. The AUI in the secondary hospitals ranged from 
46.53 to 94.87 DDDs/100pd, while in the tertiary hospitals, it ranged 
from 40 to 98.99 DDDs/100pd. Statistically significant differences in 
the AUI were observed among some hospitals (Table 2).

LOT and DOT are quantitative indicators used to monitor 
antimicrobial use. Among the 25 hospitals included, the LOT of the 
secondary and tertiary hospitals ranged from 382/1,000pd to 
705/1,000pd and from 380/1,000pd to 713/1,000pd, respectively. 
Statistically significant differences in the LOT were observed across 
some hospitals (Table 2). The DOT in the secondary hospitals ranged 
from 425/1,000pd to 1,014/1,000pd, while in the tertiary hospitals it 
ranged from 455/1,000pd to 864/1,000pd. The top five antimicrobial 
classes by overall DOT across the 25 hospitals were third-generation 
cephalosporins (n = 24), quinolones (n = 25), cefoperazone and 
sulbactam (n  = 21), penicillins (n = 16), and combinations of 
penicillins, including β-lactamase inhibitors (n = 15). The distribution 
of antimicrobial classes among the top five hospitals included 
10 s-generation cephalosporins, 3 macrolides, 5 carbapenems, 3 
aminoglycosides, 2 nitroimidazoles, 1 fosfomycin, 1 antifungal, and 1 
other cephalosporin.

Among the 1,939 orders for antimicrobial orders for 1,176 
patients, all were for systemic agents; no antimicrobials were 
prescribed. In total, 1,854 orders were for IV administration, while 
85 were for oral administration. Figure  1B illustrates the 
distribution of IV antimicrobial prescriptions across hospitals. 
Among the 1,176 hospitalized patients using antimicrobials, the 
overall utilization rate of IV antimicrobial use was 56.97% 
(1,141/2,064). In the secondary hospitals, the IV antimicrobial 
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utilization rate among inpatients ranged from 44.00 to 83.33%, 
while in the tertiary hospitals, it ranged from 46.00 to 60.00%. 
Statistically significant differences in IV antimicrobial utilization 
were observed among hospitals (Table  2). The route of 
administration for antimicrobial orders varied greatly among the 
hospitals, with IV antimicrobials accounting for 100% of orders in 
four hospitals. Among the 10 types of antimicrobials available in 
oral formulations, sulfonamides accounted for 100% of their total 
use. Third-generation cephalosporins had the lowest proportion of 
oral administration at 0.61%, while linezolid and quinolones—with 
good oral absorption rates—were administered orally to 28.57 and 
8.89%, respectively.

The antimicrobials used in each hospital were grouped according 
to their clinical application, and the cumulative DDD was calculated. 
The overall proportion of special-use antimicrobials was 3.74%. A 
prefecture-level tertiary hospital had the highest proportion at 23.92%. 
In comparison, the three provincial tertiary hospitals reported 
proportions of 7.14, 8.12, and 9.64%, respectively. Among the eight 
hospitals with a 0% usage of special-use antimicrobials, seven were 
secondary and one was tertiary. Table 1 present the proportion of 
special-use antimicrobial prescriptions to patients across hospitals. 
Figure 1C shows the distribution of medical orders by antimicrobial 
restriction level, indicating a general preference for restricted 
antimicrobials across all hospitals.

Figure 1D displays the trends in antimicrobial utilization rate, 
antimicrobial use density (AUD), LOT, and DOT among different 
hospitals. According to these four indicators, 25 hospitals were 
ranked, and line charts were drawn. The ranking curve for the 
AUI of each hospital overlapped with that of LOT/1,000pd. The 

trend of this curve was slightly different from that of the 
antimicrobial utilization rate and DOT/1,000pd 
(Supplementary Figure 1).

The AUD serves as the performance assessment metric for public 
hospitals in China, while DOT and AUD are standardized methods 
recommended by the World Health Organization for monitoring 
antimicrobial consumption. The antimicrobial utilization rate and 
LOT reflect the proportion of individuals administered antimicrobials 
and their treatment duration, respectively, making them key indicators 
in antimicrobial monitoring. Therefore, these four indicators were 
used to perform a systematic cluster analysis of 25 hospitals (Figure 2). 
When the decision distance was set to 9, hospitals were grouped into 
three categories. Category 1 included 16 hospitals: A, B, E, H, J, N, T, 
U, W, F, G, K, L, P, R, and V; Category 2 included 5 hospitals: C, O, Q, 
X, and Y; and Category 3 included 4 hospitals: D, I, M, and S.

The analysis revealed a disproportionate distribution of 
antimicrobial use indicators among the 25 surveyed hospitals. A 
comparative analysis was conducted among the three hospital groups. 
No statistically significant differences were observed in the proportion 
of highly restricted antimicrobials (%) and DOT/LOT between 
groups, while significant differences were observed among other 
variables. Group 1 exhibited the lowest antimicrobial utilization rate 
and intensity, as well as the lowest percentage of IV antimicrobial 
orders (%), IV antimicrobial use among inpatients (%), LOT/1,000pd, 
and DOT/1,000pd. Conversely, these values were highest in group 3. 
Group  1 also had the highest proportion of highly restricted 
antimicrobials (%), whereas group 2 demonstrated the highest DOT/
LOT ratio. Table  2 shows the distribution of antimicrobial use 
indicators across clusters.

FIGURE 1

Distribution of antibiotics in each hospital. (A) By medical orders; (B) by IV administration methods; (C) by different restriction level; (D) by utilization 
rate, AUD, LOT and DOT.
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TABLE 1 Percentage of antimicrobial use by hospital, DOT and LOT per 1,000 patient days, and DOT/LOT ratio.

Variable Total A B C D E F G H I J K L

Number of patients 2064 100 100 98 100 100 100 50 100 50 100 55 100

Usage rate of antibiotics (%) 56.98 53 53 62.25 64 59 46 44 59 70 50 60 43

Antibiotics use density 60.56 56.66 48.92 70.64 98.99 56.11 57.39 46.53 46.7 94.87 52.59 51.60 51.16

Proportion of the number of 

medical orders for antibiotics (%)
10.66 7.48 7.44 9.54 19.82 11.49 10.52 6.05 10.69 14.43 10.54 10.89 9.14

Proportion of highly restricted 

antibiotics (%)
3.74 7.14 8.12 9.64 1.29 6.49 2.01 0.00 0.55 0.00 0.44 3.07 0.69

Proportion of items of intravenous 

infusion medical orders (%)
95.62 92.13 100 90.29 99.24 100 93.83 100 98.89 100 100 90 87.88

Utilization rate of antibiotic 

intravenous infusion in 

hospitalized patients (%)

56.97 51.00 53.00 60.20 63.00 59.00 46.00 44.00 58.00 70.00 50.00 56.36 39.00

LOT/1000 pd 508 487 476 575 713 474 446 382 528 705 470 394 425

DOT/1000 pd 622 579 560 668 864 588 518 425 635 1,014 622 485 543

Penicillin 63 20 235 17 79 11 41 81 82 0 73 47 10

Combinations of penicillins, 

including β-lactamase inhibitors
56 6 1 4 80 69 6 198 163 238 91 3 137

First-generation cephalosporins 7 0 0 0 27 17 20 0 0 41 0 5 5

Second-generation cephalosporin 36 89 46 54 63 0 13 0 0 109 4 23 9

Third-generation cephalosporin 160 117 89 238 148 163 162 14 0 246 110 20 196

Cefoperazone and Sulbactam 83 150 0 119 120 113 104 62 171 63 102 221 9

Other cephalosporins 7 34 5 11 0 3 8 0 9 0 8 0 0

Carbapenems 18 32 53 49 14 52 6 0 9 0 2 11 3

Macrolides 9 0 10 0 2 14 14 0 0 36 10 0 7

Fluoroquinolones 143 95 84 124 310 98 89 41 176 260 172 124 125

Nitroimidazole 9 0 26 5 1 19 8 14 12 0 0 14 2

Sulfonamides 1 11 0 0 0 0 0 0 0 0 0 0 0

Clindamycin 3 0 0 0 18 0 13 0 0 0 0 0 0

Aminoglycosides 15 3 0 14 0 22 0 0 9 22 34 18 28

Vancomycin 1 0 5 0 0 0 0 0 0 0 2 0 0

Linezolid 2 0 6 11 0 0 0 0 0 0 0 0 0

Polymyxins 0 0 0 0 0 0 0 0 0 0 0 0 0

Tigecycline 0 0 0 3 0 0 6 0 0 0 0 0 0

Fosfomycin 1 0 0 0 0 0 0 14 0 0 11 0 4

Antifungal 8 23 0 19 0 6 28 0 4 0 2 0 9

DOT/LOT 1.22 1.19 1.18 1.16 1.21 1.24 1.16 1.11 1.2 1.44 1.32 1.23 1.28

Variable M N O P Q R S T U V W X Y

Number of patients 54 99 50 99 50 109 50 100 50 100 100 100 50

Usage rate of antibiotics (%) 83.33 54.55 66 55.56 70 55.05 80 53 60 49 54 60 60

Antibiotics use density 67.23 70.53 69.79 52.55 85.99 40.44 89.54 68.29 54.19 40 51.81 86.5 64.01

Proportion of the number of 

medical orders for antibiotics (%)
13.82 7.89 9.67 15.3 13.87 12.16 21.67 8.37 10.33 8.17 14.36 10.71 11.66

Proportion of highly- restricted 

antibiotics (%)
2.39 0.81 0.00 2.32 0.00 4.36 0.00 7.09 0.00 1.18 23.92 0.00 0.00

Proportion of items of intravenous 

infusion medical orders (%)
96.67 97.09 86.79 96.91 98.25 95.51 96.92 95.06 85.96 87.84 96.15 100 95.74

(Continued)
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TABLE 2 Distribution of 8 types of antimicrobial drug indexes among the three clusters.

Variable Cluster 1 Cluster 2 Cluster 3 F p

Usage rate of antibiotics 

(%)
53.01 ± 5.41a(bc) 63.65 ± 4.31b(ac) 74.33 ± 8.92c(ab) 23.65 <0.001

Antibiotics use density 52.84 ± 8.23a(bc) 75.39 ± 10.24b(a) 87.66 ± 14.16c(a) 26.19 <0.001

Proportion of the number 

of medical orders for 

antibiotics (%)

10.05 ± 2.52a(c) 11.09 ± 1.78b(c) 17.44 ± 3.90c(ab) 12.52 <0.001

Proportion of highly-

restricted antibiotics(%), 

median (IQR)

2.17[0.59,6.94] 0.00[0.00,4.82] 0.65[0.00,2.12] - 0.125

Proportion of items of 

intravenous infusion 

medical orders (%)

51.35 ± 5.54a(bc) 60.84 ± 5.40b(ac) 73.62 ± 8.73c(ab) 23.07 <0.001

LOT/1000pd 453.69 ± 51.07a(bc) 619 ± 41.82b(a) 703.25 ± 7.93c(a) - <0.001

DOT/1000pd, 

median(IQR)
567[487.50,604.75]a(bc) 755[709.5,774]b(a) 864.5[855.75,976.75]c(a) - <0.001

DOT/LOT, median(IQR) 1.22[1.17,1.27] 1.24[1.14,1.26] 1.23[1.22,1.39] - 0.776

a,b,cStatistical differences per line (Bonferroni p<0.05).

TABLE 1 (Continued)

Variable M N O P Q R S T U V W X Y

Utilization rate of antibiotic 

intravenous infusion in 

hospitalized patients (%)

81.48 54.55 56.00 54.55 70.00 53.21 80.00 51.00 54.00 44.00 54.00 60.00 58.00

LOT/1000 pd 701 516 598 380 686 421 694 477 490 378 515 626 610

DOT/1000 pd 865 715 751 495 766 459 853 589 610 455 574 782 755

Penicillin 8 109 68 88 0 75 43 29 43 6 112 0 0

Combinations of penicillins, 

including β-lactamase inhibitors
510 4 58 52 181 12 33 13 7 21 40 44 87

First-generation cephalosporin 0 0 0 0 6 0 30 2 0 19 10 0 0

Second-generation cephalosporin 18 66 46 23 0 5 25 12 32 8 64 131 61

Third-generation cephalosporin 31 190 139 113 300 135 223 191 100 139 108 303 368

Cefoperazone and Sulbactam 0 52 8 38 173 39 122 183 144 66 104 70 76

Other cephalosporins 0 41 0 8 0 4 0 0 0 0 0 0 0

Carbapenems 26 13 0 9 0 18 0 32 0 10 24 0 0

Macrolides 52 4 0 0 25 2 30 8 0 21 5 2 45

Fluoroquinolones 182 154 360 99 57 142 347 70 267 135 71 190 97

Nitroimidazole 0 3 10 22 23 5 0 7 7 10 0 24 11

Sulfonamides 0 0 0 0 0 0 0 0 0 0 0 0 0

Clindamycin 0 0 0 0 0 0 0 0 0 21 0 0 11

Aminoglycosides 36 50 64 35 0 16 0 0 11 0 0 0 0

Vancomycin 0 0 0 0 0 4 0 6 0 0 0 0 0

Linezolid 0 0 0 5 0 0 0 20 0 0 3 0 0

Polymyxins 0 0 0 0 0 2 0 0 0 0 0 0 0

Tigecycline 0 0 0 0 0 0 0 0 0 0 0 0 0

Fosfomycin 0 7 0 0 0 0 0 0 0 0 0 0 0

Antifungal 0 21 0 0 0 0 0 16 0 0 32 17 0

DOT/LOT 1.23 1.39 1.26 1.3 1.12 1.09 1.23 1.24 1.25 1.21 1.11 1.25 1.24
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3.3 Use of antimicrobial agents in different 
departments

Among the 2,064 patients included in this study, the proportion 
of antimicrobial orders collected from each department was between 
1.80 and 21.60%. The Surgery Department accounted for the largest 
proportion of antimicrobial orders, followed by the Respiratory 
Medicine Department, while the Hematology Department had the 
lowest. Supplementary Tables 1–1, 1–2 show the departmental 
distribution of antimicrobial orders.

Among all departments analyzed, the Intensive Care Unit (ICU) 
exhibited the highest antimicrobial utilization rate at 91.67%, followed 
by the Respiratory Department (87.88%) and the Pediatrics 
Department (84.55%). Regarding the AUI, the ICU also ranked 
highest, with 133.28 DDDs/100pd. The Infectious Disease Department 
followed with an AUI of 120.24 DDDs/100pd., while the Respiratory 
Medicine, Surgery, and Pediatrics Departments recorded AUIs of 
119.00, 105.46, and 53.77 DDDs/100pd, respectively. During the 
sampling period, AUI in all clinical departments was higher than 40 
DDDs/100 pd. The antimicrobial utilization rate and intensity were 
high across departments, and statistical differences were observed 
among them.

Supplementary Tables 1-1, 1–2 shows that the Infection 
Department had the highest antimicrobial exposure across all 
hospitals; 988 patients were administered antimicrobial therapy per 
1,000 hospital days (LOT = 988/1,000pd), followed by the Pediatrics 
(LOT = 959/1,000pd) and Nephrology (LOT = 962/1,000pd) 
departments. The Surgery and Respiratory departments reported 
LOTs of 830/1,000PD and 923/1,000PD, respectively. The ICU 
showed the highest DOT (1,230/1,000pd), followed by the 
Infectious Disease (DOT = 1,191/1,000PD) and Respiratory 
(DOT = 1,163/1,000PD) departments. Supplementary Figure  2 
shows the distribution of antimicrobial prescriptions by department. 
Third-generation cephalosporins ranked among the top five agents 
by DOT in 12 departments (excluding the ICU). Fluoroquinolones 
were used in 12 departments but not in Pediatrics. Cefoperazone 
and sulbactam, penicillins, and penicillin combinations, including 
β-lactamase inhibitors, ranked in the top five in 13, 9, and 8 
departments, respectively. Among the top five drugs per 
department, second-generation cephalosporins appeared in five 
departments; macrolides appeared in Pediatrics; carbapenems were 
used in the Nephrology, ICU, and Hematology departments; 
aminoglycoside in the Infection Department; and antifungal drugs 
in Hematology.

The IV antimicrobial infusion utilization rate among inpatients 
ranged from 29.72 to 91.67%. The ICU had the highest utilization 
rate, while the Neurology department had the lowest. 
Supplementary Figure 2B displays the distribution of antimicrobial 
orders through administration routes across different departments. 
The antimicrobials used in each department were grouped 
according to their clinical application within their respective 
hospitals, and cumulative DDDs were calculated. The proportion of 
special-use antimicrobials in the Hematology department was 
37.78%, followed by 18.79% in the ICU. No special-use 
antimicrobials were prescribed in Pediatrics and Endocrinology. 
Supplementary Tables 1–1, 1–2 list the proportions of special-use 
antimicrobials among hospitalized patients in different 
departments, and Supplementary Figure  2C illustrates the 

distribution of medical orders via antimicrobial classification for 
each hospital. Line charts were drawn for DDDs/1,000 pd., 
LOT/1,000 pd., and DOT/1,000 pd. in each department 
(Supplementary Figure 2D). The AUI in Pediatrics and LOT in the 
ICU showed different trends.

4 Discussion

Antimicrobial use was investigated among nonsurgical inpatients 
at 25 medical institutions in Shanxi Province. In total, 2,064 medical 
records were included. Among these patients, 56.98% were 
administered at least one antimicrobial during hospitalization—a rate 
higher than that of the provincial median in 2021 (47.14%) and the 
range reported in European countries (29–43.9%) (13). The AUI, 
measured in DDDs, was 60.63, exceeding that of the 2021 provincial 
average (39.7 DDDs/1,000pd). The cumulative number of DOT for 
patients was 621/1,000pd, which was also higher than the 576/1,000pd 
reported in a pre-pandemic study from Brazil. This finding may 
be related to the large number of patients with COVID-19 admitted 
during the study period (15). Patients with COVID-19 commonly 
present with multiple comorbidities and frequent occurrences of 
lymphocytopenia, which increase the risk of secondary bacterial 
infections and contribute to poorer clinical outcomes (16, 17). 
Additionally, the absence of a gold standard for diagnosing or 
excluding bacterial pneumonia in patients with COVID-19 has led to 
an increased reliance on empirical antimicrobial therapy in 
hospitalized populations to a certain extent (18–20). Huang et al. (21) 
conducted a retrospective case survey during the same period, 
showing that 83.5% (269/322) of older adults hospitalized patients 
with COVID-19 were administered empirical antimicrobial therapy. 
Similarly, international data indicate that 61.8 to 74.6% of hospitalized 
patients with COVID-19 were treated with antimicrobials. Surgical 
patients were also excluded from this study, which may account for 
the high rates and intensity of antimicrobial drugs used by inpatients 
in this study population.

In 2015, DDD and antimicrobial utilization rates were key control 
indicators, prompting health authorities at all levels to conduct 
inspections, evaluations, and assessments of medical institutions. 
DDD is also used as a performance metric for secondary and tertiary 
public hospitals to prompt standardized antimicrobial use. 
Internationally, DOT is a standard monitoring indicator considered 
equally important as DDD. Both metrics are not affected by individual 
adjustments, making them suitable for adults, children, and patients 
with hepatic or renal dysfunction. They are particularly appropriate 
for pediatric patients whose antimicrobial dosing is based on weight 
and age. When evaluating antimicrobial use in patients with severe 
infections, DOT may be  the more appropriate measure (22, 23). 
Although widely used in the United States as a standard measure for 
antimicrobial use, DOT has some limitations. For example, in patients 
whose dosing intervals are adjusted based on renal function, the day 
on which the dosing is skipped is not counted in the total 
DOT. Therefore, DOT may not adequately represent cumulative 
antimicrobial exposure, and its quantitative relationship with actual 
antimicrobial use remains unclear. Further evaluation is needed to 
determine whether high DOT values reflect a small number of 
patients undergoing prolonged therapy or a larger number of patients 
undergoing short treatment courses (24).
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In this study, the antimicrobial utilization rate, DDD, DOT, and 
LOT were used to monitor and compare the overall use of 
antimicrobials across hospitals and clinical departments. Our results 
showed that the ranking curve for the DDD closely overlapped with 
that of LOT/1,000pd, while the curves for antimicrobial utilization 
rate and DOT/1,000pd showed slight differences. A high inpatient 
volume during the period may be the primary factor affecting the 
DDD ranking across all hospitals. The discrepancies between inpatient 
antimicrobial utilization rates and DOT/1,000pd rankings compared 
with those of DDDs and LOT/1,000pd suggest that the underlying 
causes of inappropriate antimicrobial use may vary among hospitals. 
When interpreted collectively, these four indicators can offer 
preliminary insights into institution-specific issues in antimicrobial 
stewardship. For example, all four indicators were ranked high at 
Hospital G, indicating effective overall control of antimicrobial use. 
Conversely, Hospital F showed high rankings for antimicrobial 
utilization rate and DOT but low rankings for DDD and LOT, 
indicating potential areas for improvement in dosing and treatment 
duration. At Hospital R, a high antimicrobial utilization rate signals a 
need for optimization, and further review of medical orders may 
be  warranted. Among clinical departments, pediatrics DD values 
appeared anomalous, possibly due to the need for weight-based dose 
adjustments in children (25). In this study, antimicrobial use was 
evaluated by combining DDD and DOT, each of which offers distinct 
advantages and disadvantages. Therefore, we advocate the combined 
use of DDD and DOT as complementary monitoring indicators in 
antimicrobial drug management to improve the overall prescription 
quality and optimize antimicrobial drug use.

Analysis of the number of prescriptions, DOT, and DDDs for all 
categories of antimicrobials across the 25 hospitals revealed that third-
generation cephalosporins had the highest number of prescriptions and 

DDDs, followed by quinolones. This pattern was consistent with trends 
observed in the CAS data (26). However, the DDD of quinolones during 
this period was 2.81 times higher than that in the 2022 CAS data 
(13.6/4.84). The DDD for cephalosporin–β-lactamase inhibitor 
combinations, a key option for the treatment of β-lactamase-producing 
bacterial infections, increased by 2.9 times (11.54/3.96). This finding 
aligns with those reported by Nestler et al. (27) during the COVID-19 
pandemic. The DDD-based ranking of antimicrobial use was higher 
than that based on prescription count and DOT, indicating single-dose 
quantities or use of inappropriate drugs. Moreover, DOT comparisons 
among hospitals showed statistical differences, indicating the need for 
targeted case reviews. In this study, carbapenems ranked among the top 
five antimicrobials in DOT within the ICU and Hematology 
departments, consistent with national trends reported in the 2023 
antimicrobial PPS covering 20 hospitals (28). Additionally, the 
indicators of the tertiary hospitals were better than those of the 
secondary hospitals.

In this study, IV antimicrobial therapy was administered to over 
85% of patients across different hospitals—a rate significantly higher 
than the 60.5% reported in Europe (29). The proportion of 
antimicrobial drug use in each department showed high heterogeneity, 
ranging from 29.72 to 91.67%. Most physicians opt for IV 
administration because the patients and clinicians perceive it as more 
effective, and hospitalized patients are unable to take oral drugs or 
have contraindications to oral therapy (13, 30). Analysis of the 
administration routes for specific antimicrobial agents revealed that 
8.89, 16.66, and 28.57% of the patients were treated with oral 
quinolones, oral antifungals, and oral linezolid, respectively. These 
agents exhibited high oral bioavailability, suggesting that IV use could 
often be avoided in clinical practice. Oral antimicrobial therapy offers 
several advantages, including lower infection risk, reduced healthcare 

FIGURE 2

Clustering of the antimicrobial drug indexes. The clustering tree diagram shows the result and effect of clustering analysis; the Y axis reflects the 
hospitals, and the X axis shows the Semi-Partial R-square (an index in the cluster analysis measuring the heterogeneity). Combining the minimum value 
of Pseudo T-square (another index in the cluster analysis for selecting best numbers ofclusters), we could cluster these hospitals into three categories.
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costs, and shorter hospital stays (31). Thus, establishing an accurate 
diagnosis is essential to guide appropriate treatment decisions and 
ensure the optimal route of administration.

This study has some limitations. Firstly, the analysis was based 
solely on retrospective case surveys. Secondly, we provided only a 
descriptive account of antimicrobial use and did not assess the 
appropriateness of that use. Thirdly, during the COVID-19 pandemic, 
not all patients with suspected infections underwent microbiological 
testing due to exceptional circumstances and the strain on hospital 
systems. Finally, we did not analyze factors such as patient case mix, 
disease incidence, infection prevalence, or antimicrobial resistance 
trends, all of which may influence prescribing patterns. Therefore, the 
findings from this study may not be generalizable to other countries 
or regions. Nevertheless, this multicenter survey provides useful 
insights into antimicrobial use within the study region.

In conclusion, we evaluated the utilization rate of antimicrobials, 
AUD, DOT, and LOT to analyze the antimicrobial use in our province. 
Antimicrobial utilization was high across hospitals and departments, 
contributing to increased drug resistance and healthcare costs. A 
timely response is essential and requires effective communication 
between clinicians and other healthcare personnel to ensure 
appropriate diagnosis and treatment, including documentation of 
prescription stop or review dates and implementation of key 
interventions, such as stewardship, de-escalation, reducing drug 
combinations, optimizing the minimum effective daily dose, limiting 
therapy duration, and preventing nosocomial infections.
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