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Abstract 

Antimicrobial resistance (AMR) is a serious, worldwide public health crisis. Surveillance of antimicrobial use forms part 
of an essential strategy to contain AMR. We aimed to conduct a national point prevalence survey (PPS) on antimicro-
bial use, and to compare this data with similar international surveillance programs to provide a reference for future 
AMR strategy development in China. Twenty general hospitals encompassing 10,881 beds and 10,209 inpatients 
around the country participated the survey using a standardized protocol, at 8am of someday from October 10th 
to November 31st, 2019. Of the patients, 37.00% (3777/10209) received antimicrobial agents, 31.30% (1630/5208) had 
surgical operations, and 76.63% (1249/1630) received prophylactic antibiotic. The prevalence of antimicrobial use 
in medical, surgical, and intensive care units (ICU) patients was 38.84% (1712/4408), 32.07% (1670/5208), and 66.61% 
(395/593), respectively. Of prescriptions, 5.79% (356/6151) were made in the absence of indication. The intensity 
of antimicrobial use was 61.25 DDDs/100 patient days, while the intensity of use in internal medicine, surgery, and ICU 
were 67.79, 45.81, 124.45 DDDs/100 patient days, respectively. Only 11.62% (715/6151) of prescriptions had a reason 
described in the patient record. Furthermore, 8.44% (210/2487), 14.19% (424/2989), and 12% (81/675) of the prescrip-
tions in internal medicine, surgery, and ICU had a recorded indication, respectively. The review and stop date recorded 
for antimicrobial therapy was 43.73% (1976/4518). Of the patients, 38.07% (1438/3777) received combination therapy. 
The classes of antimicrobials prescribed were limited, and the proportion of prescriptions encompassed by the top 20 
antimicrobial agents was 75.06% (4617/6151). The prevalence of antimicrobial use in China is close to that of Sweden, 
the UK, and Canada, but lower than that in India, and higher than that in Switzerland. The data described in this report 
indicate that the quality of antimicrobial prescriptions requires improvement in China. Further, hospitals should imple-
ment professional interventions to improve the rational use of antimicrobials.
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Introduction
Antimicrobial resistance (AMR) has become a serious 
worldwide public health crisis [1], and AMR control has 
subsequently become a global priority [2]. The World 
Health Organization formulated the Global Action Plan 
to Contain Antimicrobial Resistance in 2015 to promote 
international collaboration in combating AMR [3]. China 
is a major consumer of antimicrobial agents that also 
presents with high levels of AMR, and subsequently the 
Chinese government has prioritized control of AMR [4]. 
In 2016, the National Health Commission (NHC), jointly 
with 13 other ministries, issued the National Action Plan 
for AMR Containment (2016–2020), which clearly high-
lights the implementation of antimicrobial stewardship 
(AMS) to promote the rational use of antimicrobials [5]. 
Since 2011, the NHC has carried out a nationwide AMS 
campaign [6]. According to a report from the National 
Hospital Antibacterial Consumption Surveillance Net-
work (NACS), the prevalence of antimicrobial use in 
inpatients, outpatients, and in surgical prophylaxis for 
clean incisions showed a downward trend following the 
campaign, in which the median antimicrobial use was 
67.8%, 19.5%, and 97.9%, respectively, in 2010, and 40.8%, 
8.5%, and 38.3%, respectively, in 2016. The national inpa-
tient antimicrobial use intensity in medical institutions 
also decreased from 85.3 ± 29.8 DDDs/100 patient days 
in 2010 to 48.8 ± 7.7 DDDs/100 in 2013 and 48.5 ± 8.0 
DDD/100 in 2016 [7, 8]. A similar phenomenon was 
observed in surveys of different regions and individual 
medical institutions [9–11].

After achieving reduction of antimicrobial use, 
improvements in the quality of antimicrobial agent pre-
scription will be the focus of the AMS strategy [7, 8]. In 
2018, the NHC highlighted the requirement for ‘shift-
ing the strategy of AMS from executive administra-
tive to multidisciplinary professional interventions. 
Furthermore, all healthcare institutions are required to 
strengthen the monitoring and surveillance of antimicro-
bial use, improve the process of antimicrobial prescrip-
tion, and guarantee continued rational antibiotic use [12].

Point prevalence surveys (PPS) are a common epide-
miological surveillance method to investigate antimi-
crobial use and the prevalence of resistance. In 2006, the 
European Surveillance of Antimicrobial Consumption 
Network (ESAC-Net) conducted a PPS for the use of 
antimicrobials in 20 countries [13]. In 2015, the Univer-
sity of Antwerp, Belgium, established a global-PPS for the 
use of antimicrobials and prevalence of bacterial resist-
ance, which compared the results in different regions and 
countries around the world [14]. To facilitate comparison 
of data describing antimicrobial use in various regions, 
the WHO formulated the ‘Methodology for point pre-
diction survey on antimicrobial use in hospitals’ in 2018, 

which outlined standardized surveillance protocols to 
study antimicrobial use over time and between hospitals, 
districts, countries, and regions [15]. PPS can not only 
investigate the consumption of antimicrobials, but also 
the quality of prescription practices.

In 2019, we conducted the first national pilot PPS on 
antimicrobial use in adult patients in general hospitals 
in China, which comprehensively described the quantity 
and quality of antimicrobial use in different hospitals, 
across different clinical specialties, and different infec-
tions. We subsequently compared these data with similar 
international surveillance studies, and provided a refer-
ence for future AMS strategies in China.

Methods
Enrollment of hospitals and different clinical specialties
To ensure successful implementation of the PPS, both 
the geographical distribution and professional situation 
were considered during enrollment of pilot hospitals. To 
accurately study the quantity and quality of antimicro-
bial use, clinical specialties with frequent prescription 
of antimicrobials were considered the main survey sub-
jects. We expected that each medical institution would 
have approximately 500 patient beds to be investigated, 
including 250 beds in surgical departments (mandatory 
departments: general surgery, urology, neurosurgery, 
gynecology; optional or alternative departments: ortho-
pedics, cardiothoracic surgery.), 200–250 beds of inter-
nal medicine (mandatory departments: infectious disease 
unit, respiratory department, hematology, and oncology; 
optional or alternative departments: nephrology, endo-
crinology, neurology, rheumatology, dermatology.), and 
30–50 beds in intensive care units (ICU). No more than 
100 beds were included for each department. Pediatrics 
and organ transplantation departments (including solid 
organ transplantation and stem cell transplantation) were 
excluded from the investigation. All inpatients in selected 
wards at the survey time should be investigated.

PPS protocol
The survey was conducted at 8 am of someday from 
October 10th to November 31st, 2019. All question-
naires were completed within 1 week after investiga-
tion initiation. The survey protocol integrated contents 
recommended by the WHO and the global-PPS. Before 
commencing the survey, all principal investigators from 
participating hospitals fully discussed and agreed on 
implementation of the protocol. The survey protocol 
included patient demographics (such as gender, age, 
admission date, diagnosis, bacteriological results, bio-
marker examination, etc.), infectious diagnosis, infec-
tion type (healthcare associated infections, HAI or 
community acquired infections, CAI), antimicrobial 
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use and intensity, antibiotic prescription quality includ-
ing presence of indications, antibiotics class, admin-
istration route, treatment duration, compliance with 
guidelines, whether or not drugs were administered in 
combination therapy, and medication in case recording. 
Topical use of antimicrobial agents was not included in 
the PPS.

PPS implementation
Each hospital established a PPS team based on the fre-
quency of enrolled patients and their specialties, which 
was generally composed of infectious disease physi-
cians, clinical microbiologists, clinical pharmacists, 
and hospital infection control specialists. The team 
was divided into working groups consisting of 2–3 peo-
ple responsible for the study of patients in each ward. 
Before commencing the survey, all hospitals provided 
training for the investigators, including details of the 
study protocol, best practice for completing the ques-
tionnaire, and knowledge about antimicrobials and 
infections. During the study, the investigators care-
fully analyzed patient records and obtained clarification 
from on-duty medical staff on unclear contents. The 
PPS was approved by the Ethics Committee of the First 
Affiliated Hospital of Zhejiang University Medical Col-
lege (approval number: 2019–093). This investigation 
did not involve patient personal information and was 
waived for requirement of informed consent.

Statistical analysis
The double entry of data was used to establish a data-
base, and descriptive analysis was conducted by a stat-
istician using the SPSS software package (IBM, Chinese 
version 22.0). The primary analysis focused on quantity 
of antimicrobial use (such as prevalence, utilization 
intensity, surgical prophylactic use) and quality of anti-
microbial use (such as presence of indication, adminis-
tration route, treatment duration, combination therapy, 
medication recording). Antimicrobial use was defined 
as antimicrobial administration (i.e., receipt of at least 
one antibiotic) per patient. A prescription was defined 
as the use of one substance by one route of administra-
tion. Antimicrobial prescription rates were expressed 
as a percentage of patients receiving antimicrobials, 
or as a percentage of all antibiotic prescriptions (pro-
portional use). The intensity of antimicrobial use was 
defined as the number of defined daily dosages per 
hundred patient days (DDDs/100 patient days). Con-
tinuous variables were expressed as the mean ± SD, or 
the median and range. Categorical data were expressed 
as proportions.

Results
This survey included 20 general hospitals across the 
country, 10,881 beds (424–759 in each hospital), 10,209 
inpatients (330–758 in each hospitals) including 4408 
patients from eight medical specialties (108–1319), 
5208 patients from nine surgical specialties (138–953), 
and 593 patients from the ICU. The average age of the 
enrolled patients was 58.15 ± 17.31 years, the propor-
tion of males was 57.48%, and 22.58% of the patients 
suffered from fatal diseases (including ultimately fatal 
and rapidly fatal diseases defined by the McCabe clas-
sification), of which hematology, oncology, nephrology 
and rheumatism, tumor surgery, and ICU encompassed 
70.34%, 69.93%, 50.00%, 47.83%, and 45.15% of patients, 
respectively. Immunosuppressed individuals accounted 
for 15.05% (of which 84.41% and 78.20% were in hematol-
ogy and oncology departments, respectively) of patients. 
The proportion of males, fatal diseases, and immunosup-
pressed individuals were higher in internal medicine than 
in surgical patients. Of the patients, 3777/10209 (37.00%) 
received antimicrobial agents, 1630/5208 (31.30%) 
received surgical operations, 1249/1630 (76.63%) 
received prophylactic antibiotic, 1935 patients had CAI, 
and 387 (427 cases) were HAI (Table 1).

Prevalence of antimicrobial use
Of the inpatients, 22.7% had an infection diagnosis (CAI: 
18.95%, 1935/10209; HAI: 3.79%, 387/10209). The major 
infections were respiratory tract infection (RTI, 48.04%), 
urinary tract infection (UTI, 13.87%), and gastrointesti-
nal/abdominal infection (9.16%). The number of patients 
with an infectious disease diagnosis was far lower than 
that of the total number of patients receiving antimicro-
bials (37.00%, 3777/10209). The prevalence of antimicro-
bial use in medical, surgical, and ICU patients was 38.84% 
(1712/4408), 32.07% (1670/5208), and 66.61% (395/593), 
respectively. There were 6151 antibacterial prescriptions 
in total, 2487 prescriptions for internal medicine, 2989 
for surgery, and 675 for ICU. Among them, the propor-
tion of prescriptions for treatment and prophylaxis was 
67.66% (4162/6151) and 26.55% (1633/6151), respectively. 
Of the prescriptions, 5.79% (356/6151) lacked a recorded 
indication. Targeted and empiric therapy accounted for 
10.43% (434/4162) and 85.25% (3548/4162) of prescrip-
tions, respectively. Administration of medication without 
a recorded indication was higher in surgery patients than 
those in the ICU and in internal medicine. Infectious dis-
ease departments had the highest antimicrobial use with-
out indication in internal medicine (9.14%, 31/339), and 
general surgery (21.41%, 79/369) and urology (12.56%, 
81/645) was the highest in surgery. The proportion of 
patients receiving surgical clean incision was 31.29% 
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(510/1630), and the antibiotic prophylaxis rates in surgi-
cal patients was 76.63% (1249/1630), of which ob-gyne-
cology, orthopedics, and tumor surgery had rates higher 
than 90% (Tables 2 and 3).

The overall intensity of antimicrobial use in hospitals 
was 61.25 DDDs/100 patient days, while that of internal 
medicine, surgery, and the ICU was 67.79, 45.81, and 
124.45 DDDs/100 patient days, respectively. The inten-
sity of use in infectious disease departments, respiratory 
departments, urology, hepatobiliary pancreatic surgery, 
and gastrointestinal surgery was higher than that of 
internal medicine or surgery as a whole.

Quality of antimicrobial prescriptions
The overall quality of antimicrobial prescriptions was 
low. Only 11.62% (715/6151) of prescriptions had a rea-
son described in the patient record. Of prescriptions, 
8.44% (210/2487), 14.19% (424/2989), and 12% (81/675) 
had a described reason in internal medicine, surgery, and 
the ICU, respectively. Worryingly, in respiratory depart-
ments, orthopedic, neurosurgery, and ob-gynecology 

rates of described prescription indication were less than 
10%. Considering cases of therapeutic antibiotic use, 
empirical, targeted, and purpose unclarified therapeuti-
cal administration accounted for 84.33% (3810/4518), 
10.03% (453/4518), and 5.64% (255/4518), respectively. 
Rates of empiric antimicrobial therapy in internal medi-
cine, surgery, and the ICU were 89.21% (2150/2487), 
83.34% (1231/1477), and 69.13% (383/554), respec-
tively. Furthermore, over 90% of antimicrobial therapies 
were empiric in respiratory departments, endocrinol-
ogy, hepatobiliary, and pancreatic surgery. The review 
and stop dates recorded for antimicrobial therapy was 
43.73% (1976/4518), and that of internal medicine, sur-
gery, and ICU was 34.86% (867/2487), 58.23% (860/1477), 
and 44.94% (249/554), respectively. Further, the respira-
tory department (26.74%) and orthopedics (5.95%) were 
the lowest specialties in internal medicine and surgery. 
During the survey, 65.41% (2988/4518) of patients were 
treated with antimicrobials for less than 7 days, with 
64.97% (1616/2487), 69.12% (1021/1477), and 63.35% 
(351/554) of patients in medical, surgical, and ICU 

Table 1  General information and patient demographics

McCabe classification: ① non-fatal, ② ultimately fatal, ③ rapidly fatal, ④ unknown; immunocom: immunocompromised, ① no, ② yes, and ③ unknown; CAI: 
community acquired infection; HAI: hospital acquired infection

ICU Intensive care unit; InH Investigated hospital; InP Investigated patient

Patient in ward specialty InH (n) InP (n) Mean age, years 
(SD)

Sex M/F/missing 
(%)

McCabe classification 
①/②/③/④ (%)

Immunocom 
①/②/③(%)

CAI/HAI (n)

Medicines Infectious diseases 12 351 54.20(18.39) 63.08/35.98/0.94 80.37/11.21/2.80/5.61 83.18/12.62/4.21 162/7

Pulmonology 20 1319 64.03(15.88) 64.26/35.45/0.31 73.91/13.31/4.16/8.63 80.56/11.02/8.42 718/10

Hematology 17 811 52.47(19.46) 53.99/45.63/0.38 25.10/62.36/7.98/4.56 11.41/84.41/4.18 137/83

Oncology 17 1064 60.49(13.84) 63.16/36.09/0.75 20.30/59.40/10.53/9.77 15.79/78.20/6.02 42/11

Endocrinology 4 190 69.44(15.73) 51.86/44.44/3.70 77.78/3.70/–/18.52 77.78/3.70/18.52 7/1

Neurology 6 363 73.80(15.90) 43.33/56.67/– 56.67/26.67/–/16.67 76.67/6.67/16.67 10/8

Nephro-Rheuma-
tology

5 202 54.43(16.98) 58.70/41.30/– 50.00/47.83/2.17/– 80.43/17.39/2.17 25/5

Other internal 
medicines

2 108 68.43(13.09) 65.91/34.09/– 61.36/11.36/2.27/25.00 72.73/2.27/25.00 30/1

Total of medicines 20 4408 60.88(17.43) 61.78/37.75/0.47 61.90/25.07/4.83/8.20 64.98/27.40/7.62 1131/126

Surgeries General surgery 9 706 65.08(17.65) 58.99/39.93/1.08 70.86/14.39/1.44/13.31 76.97/11.51/11.51 71/26

Urology 19 914 58.76(16.13) 74.66/25.15/0.19 87.43/4.64/0.19/7.74 86.65/4.06/9.28 157/7

Neurosurgery 19 953 55.00(15.30) 61.93/38.07/– 61.33/11.78/15.71/11.18 86.40/5.74/7.85 85/105

Gynecology 17 806 45.61(12.58) –/100/– 97.47/0.31/0.63/1.57 93.71/3.77/2.52 9/9

Hepatobiliary 
surgery

10 472 57.74(15.15) 46.06/52.76/1.18 71.65/12.20/1.97/14.17 76.77/2.76/20.47 129/15

Orthopedics 7 393 54.22(19.20) 59.15/40.85 84.15/1.22/–/14.63 79.27/3.66/17.07 6/5

Gastrointestinal 
surgery

10 553 59.24(16.03) 58.84/40.43/0.72 66.79/23.10/0.72/9.39 78.70/12.64/8.66 61/18

Oncology surgery 2 138 57.87(14.47) 56.52/43.48/– 47.83/47.83/–/4.34 91.30/4.35/4.35 2/0

Other surgeries 5 273 51.83(18.81) 50.00/48.75/1.25 88.75/8.75/–/2.50 96.25/2.50/1.25 26/2

Total of surgeries 20 5208 55.36(16.54) 52.90/46.61/0.49 78.01/9.77/2.94/9.28 84.17/6.02/9.81 546/187

ICU 19 539 61.86(18.35) 64.30/35.46/0.24 44.21/15.84/29.31/10.64 83.69/12.77/3.55 258/114

Total 20 10,209 58.15(17.31) 57.48/42.06/0.46 68.43/16.35/6.23/8.99 76.60/15.05/8.35 1935/427
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departments, respectively, receiving less than 7 days of 
therapy. Of the therapeutic drugs, 91.98% (5128/5575) 
was administered intravenously. The frequency of com-
bination therapy was 38.07% (1438/3777), with internal 
medicine, surgery, and ICU presenting with combination 
therapy rates of 38.26% (655/1712), 36.95% (617/1670), 
and 42.03% (166/395), respectively. Only 41.72% 
(1885/4518) of patients were treated with antibiotics fol-
lowing reference to microbiological or biomarker exami-
nation (Tables 2 and 3).

Antimicrobial class prescribed
The classes of specific antimicrobial agents prescribed 
was limited. The majority of antimicrobial classes pre-
scribed (69.00% of total prescriptions) encompassed 

third generation cephalosporins (3GC) and their com-
bination with β-lactamase inhibitors (CLI) (22.05%, 
1356/6151), second-generation cephalosporins (2GC; 
19.61%, 1206/6151), quinolones (14.50%, 892/6151), and 
broad-spectrum penicillins combined with β-lactamase 
inhibitors (BPLI; 13.41%, 825/6151). The antimicrobial 
classes most frequently used in internal medicine, sur-
gery, and the ICU were quinolones (24.13%, 600/2487), 
2GC (31.33%, 930/2989), and 3GC (26.96%, 182/675), 
respectively. 2GC was used most frequently (43.78%, 
715/1633) for surgical prophylaxis, but 3GC (18.25%, 
298/1633) and nitroimidazoles (12.25%, 200/1633) also 
accounted for a large proportion of prescriptions. Car-
bapenems were mainly used in the ICU, hematology, res-
piratory departments, infectious disease departments, 

Table 2  Indicators for quantity and quality of antibiotics use in internal medicine and ICU patients

ID Infectious disease; Pulm Pulmonary department; Hema Hematology department; Onco Oncology department; Endo Endocrinology department; Neur Neurology 
department; Ne-Rh Nephrology & Rheumatology department; ICU Intensive care unit; RTI Respiratory tract infections; NA Non-applicable; FN Fever with neutropenic; 
FUO Fever unknown origin; MP Medicine prophylaxis; GI/IA, Gastroenterological infection and intra-abdominal infection; SST/BJ Skin and skin structure, and bone and 
joint infections; UTI Urinary tract infection; AUI Antibiotic use intensity

Items Internal medicine ICU

ID Pulm Hema Onco Endo Neur Ne-Rh other Total

Prescriptions (n) 339 1395 419 160 30 37 55 52 2487 675

Antibiotics use rate (%) 60.4 72.78 32.31 12.31 13.68 8.26 22.77 39.81 38.79 66.27

Antibiotics use indication (%) With 90.86 98.64 96.66 95.82 100 91.89 96.36 98.08 96.90 95.41

Without 9.14 1.36 3.36 4.38 8.11 3.64 1.92 3.10 4.59

Therapeutics (%) Empiric 79.06 93.26 85.68 83.12 96.67 62.16 65.45 90.38 88.30 69.13

Targeted 9.14 3.66 10.02 11.25 3.33 37.84 29.09 3.85 7.04 22.92

Unknown 11.80 3.08 4.30 5.62 5.45 5.77 4.66 7.94

AUI (DDDs/100 patient.day) 113.97 131.43 63.09 14.41 27.12 11.86 24.27 42.72 67.79 124.45

Guidelines (%) Complied 83.78 88.17 93.56 78.12 73.33 91.89 89.09 88.46 87.74 81.63

Non-complied 4.13 6.16 0.48 9.38 20.00 5.41 1.82 5.07 6.96

Unavailable 2.01 1.19 3.12 3.33 2.70 3.85 1.69 4.59

No guideline 0.50 0.48 2.50 1.92 0.56

Unknown 12.09 3.16 4.30 6.88 3.33 9.09 5.77 4.95 6.81

Therapy referring to biomarkers (%) 37.46 48.39 34.84 47.50 10.00 21.62 20.00 34.62 42.78 18.05

Prescription reason recorded (%) 14.45 5.30 11.22 13.75 10.00 13.51 10.91 7.69 8.44 29.93

Therapeutic duration up to PPS (d)  ≤ 3 27.73 32.11 29.59 38.75 26.67 24.32 25.45 51.92 31.60 31.59

4–7 30.68 32.04 40.10 28.75 46.47 45.95 36.36 26.92 33.37 31.76

8–14 13.57 21.08 20.53 15.00 23.33 24.32 30.91 21.15 19.86 22.75

 ≥ 15 18.58 13.12 7.16 10.00 2.70 11.78 7.22

Unknown 9.44 1.65 2.63 7.50 3.33 2.70 7.27 3.38 6.68

Administrative route (%) Intravenous 82.01 94.06 85.20 92.64 93.33 91.89 87.27 96.08 90.69 90.71

Oral 14.45 3.51 11.22 4.29 3.33 5.41 5.45 1.96 6.38 2.65

Others 0.07 0.24 1.96 0.12 0.17

Unknown 3.54 2.36 3.34 3.07 3.33 2.70 7.27 2.81 6.47

Combinatory use (%) Single 58.96 59.06 55.13 77.86 84.62 76.67 80.43 81.82 61.74 57.97

2 drugs 30.66 37.92 33.46 20.62 15.38 23.33 19.57 18.18 33.41 33.42

 ≥ 3 drugs 10.38 3.03 11.41 1.52 4.85 8.61

Review or stop recorded (%) 51.62 26.74 43.44 46.88 46.67 32.43 56.36 9.62 34.86 44.98



Page 6 of 13Xiao et al. Antimicrobial Resistance & Infection Control          (2023) 12:127 

and neurosurgery. Antifungal agents for systemic use 
were mainly used in hematology and ICU (Figs. 1 and 2).

The proportion of the top 20 antimicrobial agents 
prescribed was 75.06% (4617/6151), encompassing 
77.97% (1932/2478), 83.64% (2500/2989), and 66.21% 
(435/657) of patients in internal medicine, surgery, and 
the ICU, respectively. The frequency of prescriptions 
of the top four individual antimicrobial agents were 
cefuroxime (8.93%), levofloxacin (8.50%), cefoperazone/

sulbactam (7.87%), and piperacillin/tazobactam 
(5.33%), which accounted for 30.63% in total. The top 
four agents accounted for 37.27% of prescriptions in 
internal medicine (levofloxacin, 14.15%; moxifloxacin, 
9.13%; cefoperazone/sulbactam, 7.44%; and piperacil-
lin/sulbactam, 6.55%), 32.55% in surgery (cefuroxime, 
15.02%; cefoperazone/sulbactam, 6.32%; ornidazole, 
6.02%; and metronidazole, 5.19%), and 36.75% in the 
ICU (cefoperazone/sulbactam, 16.30%; cefuroxime, 
8.15%; piperacillin/sulbactam, 6.52%; and meropenem, 

Table 3  Indicators for quantity and quality of antibiotic use in surgery patients

GenS General surgery; Urol Urology; NeurS Neurosurgery; Gyn Gynecology; HepaB Hepatobiliary surgery; Orth Orthopedics; GiS Gastrointestinal surgery; OncoS 
Oncological surgery; RTI Respiratory tract infection; NA Non-applicable; FUO Fever unknown origin; GI/IAI Gastroenterological infection and intra-abdominal 
infection; SST&BJ Skin and skin structure, and bone and joint infections; UTI urinary tract infection; GUM Male genital infection; CNS Central nerve system infection; GY 
Ynecological infection; AUI Antibiotic use intensity

Items GenS Urol NeuroS Gyn HepaB Ortho GiS OncoS Others Total

Prescriptions (n) 369 645 431 511 327 185 418 26 77 2989

Antibiotics use rate (%) 31.59 50.98 21.62 23.95 45.34 22.14 36.17 15.94 18.68 31.91

Surgical type (%) Clean 9.52 23.37 64.29 22.92 16.09 69.48 14.22 40.91 31.29

Contaminated 29.25 37.38 8.65 68.06 48.85 10.39 62.84 77.78 25.00 39.57

Infected 7.48 0.62 1.13 1.74 8.62 9.74 1.83 4.55 3.50

Unknown 53.74 38.63 25.94 7.29 26.44 10.39 21.10 22.22 29.55 25.64

Antibiotics use purpose (%) Therapeutics 52.57 55.19 43.62 25.05 43.73 11.35 35.41 26.92 57.14 41.12

Prophylaxis 26.02 32.25 51.04 74.17 51.07 81.62 60.77 73.08 23.38 50.59

Unknown 21.41 12.56 5.34 0.78 5.20 7.03 3.83 19.48 8.30

Therapeutics (%) Empiric 85.35 87.19 61.14 89.39 93.75 50.00 87.81 85.70 89.83 83.34

Targeted 2.57 7.78 33.65 6.08 3.13 38.25 6.092 14.30 3.39 10.22

Unknown 12.08 5.03 5.21 4.53 3.13 11.75 6.09 6.77 6.44

Surgical prophylaxis (%) 57.14 59.50 76.69 95.14 76.44 95.45 83.49 94.44 38.64 76.63

AUI (DDDs/100 patient.day) 43.82 73.67 31.42 43.23 67.68 27.70 62.79 40.19 23.74 45.81

Guidelines(%) Complied 73.71 78.14 83.29 82.78 81.96 90.81 77.03 100 76.62 80.33

Non-complied 9.49 15.50 10.90 11.15 11.62 4.32 12.44 3.90 11.38

Unavailable 6.50 1.86 0.93 0.92 6.22 14.29 2.68

No guideline 1.36 0.62 0.93 0.92 1.08 1.30 0.64

Unknown 8.94 3.88 3.94 6.07 4.59 3.78 4.31 3.90 4.98

Therapy referring to biomarkers (%) 28.46 40.00 20.42 14.48 21.10 2.16 19.38 23.08 46.75 24.12

Prescription reason recorded (%) 29.81 17.36 6.73 7.83 14.98 2.16 10.29 23.08 40.26 14.19

Therapeutic duration up to PPS (d)  ≤ 3 32.96 33.15 23.69 52.26 38.12 29.43 29.88 71.43 38.98 36.89

4–7 33.33 42.95 21.32 34.84 24.99 32.37 35.34 28.57 38.98 32.23

8–14 13.19 17.99 22.75 10.61 27.51 11.75 21.95 13.56 17.40

 ≥ 15 18.31 2.68 27.96 1.51 6.25 17.63 9.15 5.09 10.50

Unknown 2.20 3.22 4.27 0.77 3.13 8.81 3.67 3.39 2.97

Administrative route (%) Intravenous 96.00 94.20 93.54 83.71 97.48 91.27 97.14 97.37 95.38 93.66

Oral 1.23 3.48 1.90 16.01 0.31 5.56 1.04 1.54 4.04

Others 0.34 0.79 2.63 0.16

Unknown 2.77 1.99 4.56 0.28 2.20 2.38 1.82 3.08 2.14

Combinatory use (%) Single 63.84 74.95 76.56 40.21 64.65 58.62 41.79 36.36 78.43 63.05

2 drugs 29.91 21.63 21.53 46.91 27.91 39.08 40.30 59.09 17.65 30.00

 ≥ 3 drugs 6.25 3.43 1.92 12.88 7.45 2.30 17.92 4.55 3.92 6.94

Stop or review recorded (%) 58.27 39.84 19.72 16.83 25.08 5.95 16.99 23.08 61.04 44.94
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5.78%). The composition of antimicrobial use across 
clinical specialties varied markedly (Figs. 3 and 4).

The top three antibacterial drugs used to treat CAI 
were 3GC [24.27%, including cefoperazone/sulbactam 
(8.90%)], quinolones [19.54%, including levofloxacin 
(11.38%)], BPLI [19.33%, including piperacillin/tazo-
bactam (7.07%)]. By contrast, the main drugs used for 

treatment of HAI were 3GC [28.48%, including cefop-
erazone/sulbactam (18.70%)], carbapenems [13.71%, 
including meropenem (6.09%)] and BPLI [9.92%, 
including piperacillin/tazobactam (6.30%)]. With the 
exception of central nervous system infections (CNSI), 
the prescriptions of antibacterial drugs for other infec-
tions followed a comparable pattern. The main classes 
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of antibacterial agents used for treatment of CNSI 
were carbapenems (24.24%, 16/66) and 3GC (25.76%, 
17/66) (Figs.  5 and 6). Among the 20 most commonly 
prescribed antibacterial agents, 16 were highlighted 
as restricted by the AMS strategy. Prescriptions with 

non-therapeutic purposes accounted for 22.50% 
(784/3484), including prescription of ceftriaxone, 
cefminox, ceftazidime/sulbactam, ornidazole, vori-
conazole, and vancomycin in 49.03% (101/206), 44.81% 
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(69/145), 29.69% (19/64), 56.61% (107/189), 31.71% 
(26/82), and 23.33% (14/60) of cases, respectively 
(Fig. 7).

Discussion
China is one of the main consumers of antimicrobial 
agents, with relatively high levels of associated AMR 
[1, 16]. Despite this, antimicrobial use in hospitals has 
decreased remarkably after implementation of a national 
AMS campaign launched by the Ministry of Health 
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in 2011 [6, 7]. According to a report from the NACS in 
2017, the prevalence of antimicrobial use in inpatients in 
general hospitals was 36.9%, use in surgical prophylaxis 
was 66.2%, and the intensity of antimicrobial use was 
45.7 DDDs/100 patient days [7]. The cost of antimicro-
bial procurement in medical institutions decreased from 
22.3% of total medicine expenditure in 2010 to 12.1% 
in 2016 [8]. This trend was observed across different 
regions and hospitals in China. For example, the preva-
lence and intensity of antimicrobial use was 34.65% and 
37.38 DDDs/100 patient days, respectively, in a tertiary 
hospital in Beijing in 2016 [9], while they were 58.05% 
and 58.26 DDDs/100 patient days in Guangzhou in 2017 
[17]. The consumption of antimicrobials in specialized 
hospitals also decreased prominently [11]. In accord-
ance with the long-term ‘two steps and two hands’ AMS 
strategy proposed by the NHC in 2018, the major AMS 
strategy should transition from executive administrative 
to professional interventions, with the main focus on 
improving the quality of antimicrobial use by constantly 
enhancing professional capability [4, 12].

The NACS was established in China in 2005 and 
adopted a sampling method for AMR surveillance. Each 
member hospital randomly samples 15 medical records 
of discharged non-operating patients and 15 surgical 
patients every month, reflecting 360 patients through-
out the year. The main survey outcomes are the preva-
lence and intensity of antimicrobial use and surgical 
prophylaxis. This survey method is different from that 
recommended by the WHO and the internationally rec-
ognized PPS protocol. Therefore, these results could 

not be directly compared [7, 14, 15]. To standardize 
the monitoring of antimicrobial use internationally, we 
implemented the first national PPS in Chinese general 
hospitals. In this survey, 20 general hospitals in different 
regions across the country were enrolled, and the WHO 
and global-PPS methods were integrated into the proto-
col. The PPS was successfully implemented in our coun-
try, which lays a foundation for expanding enrollment of 
survey hospitals and sets a precedent for eventually con-
ducting the survey nationwide.

We found that after nearly 10 years of a national AMS 
campaign, the use of antimicrobials in general hospitals 
has significantly decreased. The prevalence, intensity of 
antimicrobial use, and frequency of surgical prophylaxis 
were 37.00%, 61.25 DDDs/100 patient days, and 74.97%, 
respectively, which was far lower than the 67.30%, 
85.90 DDDs/100 patient days, and 95.40%, respectively, 
reported by the NACS in 2010 [6, 7]. These data were 
similar to those reported by the European PPS in 2011 
(37.4%); slightly higher than those in Europe in 2016 
(32.9%); far lower than Singapore and some European 
countries such as Italy, Spain, Portugal, and Greece; simi-
lar to Norway, Sweden, and the United Kingdom (UK); 
slightly higher than Germany, France, and Canada [13, 
18–20]; and lower than that in the United States (US) in 
2015 (49.6%) [21]. The intensity of antimicrobial use was 
higher than that reported in a European PPS in 2016 (46 
DDDs/100 patient days), lower than that of Italy and the 
UK, higher than Western and Northern European coun-
tries, and similar to Taiwan in 2015 [18]. Compared with 
a global-PPS in 2015, the prevalence of antimicrobial 
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use in Chinese medical institutions is similar to that in 
the Americas, Southeast Asia, and Southern Europe, but 
lower than that in Central and Western Asia, Africa, and 
South America [14]. The frequency of surgical prophy-
laxis (76.63%) was much higher than the global-PPS 
results published in 2015 (17.8%), and higher than that in 
Europe in 2016 (54.2%) [14, 18]. Antimicrobial consump-
tion in Chinese hospitals is generally close to that in Swe-
den and the UK, and higher than in Switzerland [22].

While the use of antibiotics is decreasing, improv-
ing prescription quality is also an important feature of 
rational antibiotic use. Our survey found that the quality 
of antimicrobial prescriptions in medical institutions and 
across clinical specialties required significant improve-
ment. Only 11.62% of antimicrobial use described rea-
sons for prescription in the patient record, which was far 
lower than that in Europe (80.2%) and Canada (87.3%) in 
2016. The frequency of combination therapy was 38.07%, 
higher than that described in a European PPS in 2016 
(29.04%), Singapore (25.9%) and Switzerland (22.3%) 
[18–20, 23]. Targeted therapy (10.03%) was lower than 
that of the global-PPS (76.9%) and Canada (39.4%). Pre-
scriptions were predominantly for intravenous antibiot-
ics (92.02%), which was much higher than that of Europe 
in 2012 (79.4%), the global-PPS (71.4%), and Singapore 
(59%), but similar to Romania and Greece [14, 18, 19]. 
Only compliance to the guidelines (83.47%) was higher 
than that of the global-PPS (77.4%), and those of commu-
nity-acquired pneumonia (CAP), and urinary tract infec-
tion (UTI) prescriptions in US and Latin America [14, 21, 
24, 25].

The survey revealed that medical institutions pre-
ferred to use restricted and special classes of antimicro-
bial agents. Among the 20 most prescribed antimicrobial 
agents, 16 belonged to restricted and special antibacterial 
drugs defined by the AMS strategy [23]. Of the drugs, 
22.50% were for non-therapeutic purposes, encompass-
ing rates of use of ceftriaxone, cefminox, ornidazole, 
voriconazole, and vancomycin of 49.03%, 44.81%, 56.61%, 
31.71%, and 23.33%, respectively. Although cefuroxime 
was the most common antibiotic prescribed for surgical 
prophylaxis, rates of prescription of 3GC, nitroimida-
zoles, and quinolones were 17.70%, 12.25%, and 5.81%, 
respectively. The top three antimicrobial agents used to 
treat CAI were cefoperazone/sulbactam (8.90%), levo-
floxacin (11.38%), and piperacillin/tazobactam (7.07%), 
a similar pattern to that observed in Eastern Europe and 
Latin America [7, 14, 22].

The classes of antimicrobials prescribed in general 
hospitals were also limited, with low levels of pharmaco-
logical diversity. 3GC, CLI, 2GC, quinolones, and BPLI 
accounted for nearly 70% of the total prescriptions. The 
top 20 antibacterial agents prescribed accounted for 

75.06% of the total, comparable with that described in 
Eastern European countries by the global-PPS, as well as 
South Korea and Taiwan [14, 22, 26]. Penicillins remain 
a cost-effective choice for treatment of infections caused 
by susceptible bacteria. With the exception of BPLIs 
such as piperacillin/tazobactam, the use of first genera-
tion penicillins was rare, far lower than that in Northern 
Europe, Western Europe, Southeast Asia, and the Ameri-
cas [14, 18]. This may reflect the requirement in China 
for a penicillin skin test before use of all penicillins, and 
the relatively high rates of bacterial resistance. Use of the 
penicillin skin test should be determined by improving 
drug quality and data in large populations, confirming 
the real incidence of penicillin anaphylaxis [7, 27, 28].

The most commonly used antimicrobials were qui-
nolones in internal medicine (24.66%), 2GC (31.50%) 
in surgery (mainly for prophylaxis), and 3GC in the 
ICU (28.17%). There is room for improvement in the 
use of antimicrobials across various clinical specialties, 
improving proportions of empirical use, frequency of 
combination therapy, record of drug use, and preference 
for intravenous administration. Worryingly, infectious 
disease and respiratory departments, which should 
be the leading specialties promoting AMS practices 
in medical institutions [5], were comparable to other 
specialties when considering quality of antibiotic pre-
scription. For example, the prevalence of antimicrobial 
use in respiratory departments was 72.78%, which was 
higher than that of the ICU. Further, respiratory depart-
ments were the departments within internal medicine 
with the lowest rate of descriptions with recording rea-
sons for antibiotic use (5.30%). The intensity of use of 
antimicrobials in respiratory and infectious diseases 
departments was 131.43 and 113.97 DDDs/100 patient 
days, respectively. The proportion of prescriptions that 
referred to microbiological examinations and biomark-
ers in the infectious diseases department (37.46%) was 
lower than that in the overall internal medicine cohort 
(42.78%), and the proportion of combination therapy 
in the respiratory and infectious diseases departments 
was higher than that in the overall internal medicine 
cohort. Worryingly, these rates were much higher than 
those reported by the global-PPS, Canada, and Latin 
America [13, 20, 25]. These data indicate that medi-
cal institutions may struggle to promote good AMS 
practices. The main reason may be due to the disease 
composition and scope of professional work in the two 
departments. In the past, infectious disease physicians 
in China have been mainly engaged with the diagnosis 
and treatment of legally reportable communicable dis-
eases (such as viral hepatitis, tuberculosis, AIDS, etc.), 
and they did not have sufficient practice in the man-
agement of bacterial infections, or experience in AMS. 
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This is in stark contrast to their colleagues in the US, 
Europe, and other countries [29]. Furthermore, Chinese 
respiratory physicians mainly diagnose and treat lung 
tumors (the predominant carcinoma and top disease 
observed in these department in our country), which 
may impede AMS practices [30]. To this end, the NHC 
has called for all medical institutions to improve their 
infectious diseases departments and promote the lead-
ing role of infectious physicians in implementing AMS 
practices [5, 25].

This is the first time that we have successfully imple-
mented a PPS, and defined the quantity and quality of 
antimicrobial use in general hospitals and across clini-
cal specialties in China. This PPS mainly enrolled general 
hospitals with better AMS practice, and investigated the 
clinical specialties with frequent use of antimicrobials. 
The survey did not investigate all patients in the hospi-
tal, as this may overestimate the use of antimicrobials. 
Although all investigators were trained on implementa-
tion of the protocol and investigation procedures, some 
data collection deficiencies are unavoidable in individual 
medical institutions, which may have also impacted the 
results.

Conclusions
After more than 10 years implementing a special national 
AMS campaign, the consumption of antimicrobials in 
medical institutions in China has decreased. The preva-
lence of antimicrobial use is now close to that of Swe-
den, the UK, and Canada; lower than that in India; and 
higher than that in Switzerland [14, 23]. However, close 
attention to the quality of antimicrobial prescriptions is 
required. AMS practices should be improved in medi-
cal institutions, including establishment of professional 
teams and training initiatives for infectious disease phy-
sicians, allowing them to take responsibility of AMS in 
their institute. Hospitals should regularly carry out PPS 
for antimicrobial use and implement professional inter-
vention to improve understanding of infectious diseases 
and antimicrobials, as well as rational antibiotic use.

Abbreviations
AMR	� Antimicrobial resistance
PPS	� Point prevalence survey
NHC	� National Health Commission
AMS	� Antimicrobial stewardship
NACS	� National hospital antibacterial consumption surveillance network
ESAC-Net	� European surveillance of antimicrobial consumption network
HAI	� Healthcare associated infections
CAI	� Community acquired infections
RTI	� Respiratory tract infection
UTI	� Urinary tract infection
BPLI	� Broad-spectrum penicillins combined with β-lactamase inhibitors
3GC	� Third generation cephalosporins
2GC	� Second generation cephalosporins

ICU	� Intensive care units

Acknowledgements
We thank the China PPS team for the significant contribution to collect the 
data.

Author contributions
YX and XX conceived the idea of this study. YC and QY performed qualitative 
analysis. YX drafted the first manuscript. All authors critically reviewed the 
manuscript and approval the final version.

Funding
This study was funded by the Key research and development program of 
Zhejiang province (No. 2021C03068).

Availability of data and materials
The datasets for the study are available from the corresponding author upon 
request.

Declarations

Ethics approval and consent to participate
Not required.

Consent for publication
Not applicable.

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

Author details
1 State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, 
National Clinical Research Center for Infectious Diseases, National Medical 
Center for Infectious Diseases, Collaborative Innovation Center for Diagnosis 
and Treatment of Infectious Diseases, The First Affiliated Hospital, Zhejiang 
University School of Medicine, Hangzhou, China. 2 Research Units of Infectious 
Disease and Microecology, Chinese Academy of Medical Sciences, Beijing, 
China. 3 Department of Infection Control, The Children’s Hospital, Zhejiang 
University School of Medicine, Hangzhou, China. 4 National Institute of Hospital 
Administration, National Health Commission of China, Beijing, China. 

Received: 12 June 2023   Accepted: 13 November 2023

References
	1.	 Wagenlehner FME, Dittmar F. Re: global burden of bacterial antimicrobial 

resistance in 2019: a systematic analysis. Eur Urol. 2022;82(6):658.
	2.	 G20 Leaders’ Communique Hangzhou Summit [Internet]. Available from: 

http://​www.​g20ch​norg/​Engli​sh/​Dynam​ic/​201609/​t2016​0906_​3396h​tml
	3.	 Global action plan on antimicrobial resistance. [Internet]. Available from: 

https://​www.​whoint/​publi​catio​ns/i/​item/​97892​41509​763.
	4.	 Xiao Y. Antimicrobial Stewardship in China: Systems, Actions 

and Future Strategies. Clin Infect Dis Off Publ Infect Dis Soci Am. 
2018;67(suppl_2):135–41.

	5.	 Administrative regulation for clinical use of antimicrobials. [Internet]. 
Available from: http://​www.​nhc.​gov.​cn/​wjw/​bmgz/​201205/​347e8​d20a6​
d442d​dab62​63123​78311​b4sht​ml

	6.	 Xiao Y, Zhang J, Zheng B, Zhao L, Li S, Li L. Changes in Chinese policies to 
promote the rational use of antibiotics. PLoS Med. 2013;10(11): e1001556.

	7.	 National Health Commission of China. Report on antimicrobial steward-
ship and bacterial resistance in China (2016–2018). [Internet]. Available 
from: http://​www.​nhc.​gov.​cn/​yzygj/​s3594/​201904/​1b5a4​2f0e3​26487​
295b2​60c81​3da9b​0esht​ml.

	8.	 Xiao Y, Shen P, Zheng B, Zhou K, Luo Q, Li L. Change in antibiotic use in 
secondary and tertiary hospitals nationwide after a national antimicrobial 
stewardship campaign was launched in china, 2011–2016: an observa-
tional study. J Infect Dis. 2020;221(Suppl 2):S148-s155.

http://www.g20chnorg/English/Dynamic/201609/t20160906_3396html
https://www.whoint/publications/i/item/9789241509763
http://www.nhc.gov.cn/wjw/bmgz/201205/347e8d20a6d442ddab626312378311b4shtml
http://www.nhc.gov.cn/wjw/bmgz/201205/347e8d20a6d442ddab626312378311b4shtml
http://www.nhc.gov.cn/yzygj/s3594/201904/1b5a42f0e326487295b260c813da9b0eshtml
http://www.nhc.gov.cn/yzygj/s3594/201904/1b5a42f0e326487295b260c813da9b0eshtml


Page 13 of 13Xiao et al. Antimicrobial Resistance & Infection Control          (2023) 12:127 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	9.	 Wang H, Wang H, Yu X, Zhou H, Li B, Chen G, Ye Z, Wang Y, Cui X, Zheng 
Y, et al. Impact of antimicrobial stewardship managed by clinical 
pharmacists on antibiotic use and drug resistance in a Chinese hospital, 
2010–2016: a retrospective observational study. BMJ Open. 2019;9(8): 
e026072.

	10.	 Qu X, Yin C, Sun X, Huang S, Li C, Dong P, Lu X, Zhang Z, Yin A. Con-
sumption of antibiotics in Chinese public general tertiary hospitals 
(2011–2014): trends, pattern changes and regional differences. PLoS ONE. 
2018;13(5): e0196668.

	11.	 Zou XX, Fang Z, Min R, Bai X, Zhang Y, Xu D, Fang PQ. Is nationwide 
special campaign on antibiotic stewardship program effective on ame-
liorating irrational antibiotic use in China? Study on the antibiotic use of 
specialized hospitals in China in 2011–2012. J Huazhong Univer Sci Tech-
nol Med Sci = Hua zhong ke ji da xue xue bao Yi xue Ying De wen ban = 
Huazhong keji daxue xuebao Yixue Yingdewen ban. 2014;34(3):456–63.

	12.	 Notice on conducting continually antimicrobial stewardship campaign in 
hospitals. [Internet]. Available from: http://​www.​nhc.​gov.​cn/​cms-​search/​
xxgk/​getMa​nuscr​iptXx​gkhtm?​id=​c79c9​98bdf​8f474​48580​51cdf​d1e68​18.

	13.	 Ansari F, Erntell M, Goossens H, Davey P. The European surveillance of 
antimicrobial consumption (ESAC) point-prevalence survey of antibacte-
rial use in 20 European hospitals in 2006. Clin Infect Dis: An Off Publ Infect 
Dis Soci Am. 2009;49(10):1496–504.

	14.	 Versporten A, Zarb P, Caniaux I, Gros MF, Drapier N, Miller M, Jarlier V, 
Nathwani D, Goossens H. Antimicrobial consumption and resistance 
in adult hospital inpatients in 53 countries: results of an internet-based 
global point prevalence survey. Lancet Glob Health. 2018;6(6):e619–29.

	15.	 WHO methodology for point prevalence survey on antibiotic use in 
hospitals. [Internet]. Available from: https://​www.​who.​int/​publi​catio​ns/i/​
item/​WHO-​EMP-​IAU-​201801

	16.	 Klein EY, Van Boeckel TP, Martinez EM, Pant S, Gandra S, Levin SA, Goos-
sens H, Laxminarayan R. Global increase and geographic convergence in 
antibiotic consumption between 2000 and 2015. Proc Natl Acad Sci USA. 
2018;115(15):E3463-e3470.

	17.	 Qian X, Pan Y, Su D, Gong J, Xu S, Lin Y, Li X. Trends of antibiotic use and 
expenditure after an intensified antimicrobial stewardship policy at a 
2200-Bed teaching hospital in China. Front Public Health. 2021;9: 729778.

	18.	 Plachouras D, Kärki T, Hansen S, Hopkins S, Lyytikäinen O, Moro ML, Reilly 
J, Zarb P, Zingg W, Kinross P, et al. Antimicrobial use in European acute 
care hospitals: results from the second point prevalence survey (PPS) of 
healthcare-associated infections and antimicrobial use, 2016 to 2017. 
Euro Surveillance: bull European sur les maladies transmissibles = Euro-
pean communicable disease bulletin. 2018;23(46):18003933.

	19.	 Cai Y, Venkatachalam I, Tee NW, Tan TY, Kurup A, Wong SY, Low CY, Wang 
Y, Lee W, Liew YX, et al. Prevalence of healthcare-associated infections 
and antimicrobial use among adult inpatients in Singapore acute-care 
hospitals: results from the first national point prevalence survey. Clin 
Infect Diseas: Off Publ Infect Dis Soci America. 2017;64(122):S61-s673.

	20.	 German GJ, Frenette C, Caissy JA, Grant J, Lefebvre MA, Mertz D, Lutes 
S, McGeer A, Roberts J, Afra K, et al. The 2018 Global Point Prevalence 
Survey of antimicrobial consumption and resistance in 47 Canadian 
hospitals: a cross-sectional survey. CMAJ Open. 2021;9(4):E1242-e1251.

	21.	 Magill SS, O’Leary E, Ray SM, Kainer MA, Evans C, Bamberg WM, Johnston 
H, Janelle SJ, Oyewumi T, Lynfield R, et al. Antimicrobial use in US hospi-
tals: comparison of results from emerging infections program prevalence 
surveys, 2015 and 2011. Clin Infect Dis: Off Publ infectious Diseases 
Society of America. 2021;72(10):1784–92.

	22.	 Wu CT, Chen CL, Lee HY, Chang CJ, Liu PY, Li CY, Liu MY, Liu CH. Decreased 
antimicrobial resistance and defined daily doses after implementation 
of a clinical culture-guided antimicrobial stewardship program in a local 
hospital. J Microbiol, Immunol Infection = Wei mian yu gan ran za zhi. 
2017;50(6):846–56.

	23.	 Metsini A, Vazquez M, Sommerstein R, Marschall J, Voide C, Troillet N, Gar-
diol C, Pittet D, Zingg W, The Swissnoso N. Point prevalence of healthcare-
associated infections and antibiotic use in three large Swiss acute-care 
hospitals. Swiss Med Wkly. 2018;148: w14617.

	24.	 Levy Hara G, Rojas-Cortés R, Molina León HF, Dreser Mansilla A, Alfonso 
Orta I, Rizo-Amezquita JN, Santos Herrera RG, Mendoza de Ayala S, Arce 
Villalobos M, Mantilla Ponte H, et al. Point prevalence survey of antibiotic 
use in hospitals in Latin American countries. J Antimicrob Chemother. 
2022;77(3):807–15.

	25.	 Notice on conducting continually antimicrobial stewardship campaign in 
hospitals (2021). [Internet]. Available from: http://​www.​nhc.​gov.​cn/​yzygj/​
s7659/​202104/​0a5f9​d529e​1d4f6​0a3f7​3abcb​29410​d0.​shtml

	26.	 Notice on further strengthening the antimicrobial stewardship to contain 
drug resistance (2021). [Internet]. Available from: http://​www.​nhc.​gov.​cn/​
yzygj/​s7659/​202104/​7c59c​2c5a8​0f4b4​68e64​6c003​e14a1​50sht​ml

	27.	 Notice on issuing the guidelines for skin testing of β-lactam antibiot-
ics(2021). [Internet]. Available from: http://​www.​nhc.​gov.​cn/​yzygj/​s7659/​
202104/​a33f4​9b8c4​b5421​c85a5​649a2​8a0fc​e2sht​ml

	28.	 Zhang C, Li S, Ji J, Shen P, Ying C, Li L, Xiao Y. The professional status of 
infectious disease physicians in China: a nationwide cross-sectional 
survey. Clin Microbiol Infection: Off Publ Eur Soci Clin Microbiol Infect Dis. 
2018;24(1):82.e85-82.e10.

	29.	 Cunha CB. Antimicrobial stewardship programs: principles and practice. 
Med Clin North Am. 2018;102(5):797–803.

	30.	 Bimba HV, Roy V, Batta A, Daga MK. Drug utilization, rationality, and cost 
analysis of antimicrobial medicines in a tertiary care teaching hospital of 
Northern India: a prospective, observational study. Indian J Pharmacol. 
2020;52(3):179–88.

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

http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgkhtm?id=c79c998bdf8f4744858051cdfd1e6818
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgkhtm?id=c79c998bdf8f4744858051cdfd1e6818
https://www.who.int/publications/i/item/WHO-EMP-IAU-201801
https://www.who.int/publications/i/item/WHO-EMP-IAU-201801
http://www.nhc.gov.cn/yzygj/s7659/202104/0a5f9d529e1d4f60a3f73abcb29410d0.shtml
http://www.nhc.gov.cn/yzygj/s7659/202104/0a5f9d529e1d4f60a3f73abcb29410d0.shtml
http://www.nhc.gov.cn/yzygj/s7659/202104/7c59c2c5a80f4b468e646c003e14a150shtml
http://www.nhc.gov.cn/yzygj/s7659/202104/7c59c2c5a80f4b468e646c003e14a150shtml
http://www.nhc.gov.cn/yzygj/s7659/202104/a33f49b8c4b5421c85a5649a28a0fce2shtml
http://www.nhc.gov.cn/yzygj/s7659/202104/a33f49b8c4b5421c85a5649a28a0fce2shtml

	A comprehensive point prevalence survey of the quality and quantity of antimicrobial use in Chinese general hospitals and clinical specialties
	Abstract 
	Introduction
	Methods
	Enrollment of hospitals and different clinical specialties
	PPS protocol
	PPS implementation
	Statistical analysis

	Results
	Prevalence of antimicrobial use
	Quality of antimicrobial prescriptions
	Antimicrobial class prescribed

	Discussion
	Conclusions
	Acknowledgements
	References


