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Objective: The incidence of inappropriate and excessive empirical antibiotic therapy is unclear. The aim of this study was to
determine the prevalence of different empirical antibiotic therapy prescriptions, related factors, and outcomes in hospitalized patients
with bacterial infection.

Methods: A retrospective cohort study was performed and patients with bacterial infection who were admitted between October 1,
2019, and September 30, 2020, were included. Multivariable analysis was performed by the logistic regression model.

Results: A total of 536 (42.6%) of the 1257 included patients received inappropriate empirical antibiotic therapy (IEAT), and 368
(29.3%) patients received appropriate but unnecessarily broad-spectrum empirical antibiotic therapy (AUEAT). MDRO (adjusted OR
2.932 [95% C12.201~3.905]; p < 0.001) and fever on admission (adjusted OR 0.592 [95% CI 0.415~0.844]; p = 0.004) were correlates
of IEAT; sepsis (adjusted OR 2.342 [95% CI 1.371~3.999]; p = 0.002), age (adjusted OR 1.019 [95% CI 1.008~1.030]; p < 0.001),
MDRO (adjusted OR 0.664 [95% CI 0.469~0.941]; p = 0.021), and urinary tract infection (adjusted OR 0.352 [95% CI 0.203~0.611];
p < 0.001) were correlates of AUEAT. Patients who received AUEAT were more likely to have a poor prognosis (63 [17.8%] vs 101
[27.4%]; p = 0.002). Both IEAT (median [IQR], 24,971 [13,135-70,155] vs 31,489 [14,894-101,082] CNY; p = 0.007) and AUEAT
(median [IQR], 24,971 [13,135-70,155] vs 30,960 [16,475-90,881] CNY; p = 0.002) increased hospital costs. 45.3% (570/1257) of
patients were infected with MDRO and 62.9% of them received IEAT.

Conclusion: Inappropriate and excessive empirical antibiotic use was widely prevalent among hospitalized patients. Either inap-
propriate or excessive use of antibiotics may increase the burden of healthcare costs, the latter of which may be associated with poor
prognosis. Clinicians need to be more judicious in choosing antibiotic(s). The MDRO epidemic was severe, especially in patients who
received IEAT. It is imperative to take effective measures to improve the current situation of antibiotic abuse and antimicrobial
resistance.

Keywords: antimicrobial resistance, bacterial culture-positive, empirical antibiotic therapy, patient outcome, multidrug-resistant
organism

Introduction

Inappropriate antibiotic therapy, which is defined as well-recognized, is being closely associated with patients’ adverse
outcomes including morbidity and mortality." It often occurs when empirical use of antibiotics is required. Empirical
antibiotic therapy (EAT) is unavoidable, especially for the first 24 to 48 hours, because of the absence of evidence (or
laboratory test results) on the causative pathogen or its susceptibilities.” * EAT consists of appropriate empirical
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antibiotic therapy (AEAT) and inappropriate empirical antibiotic therapy (IEAT). IEAT means that the pathogen isolated
in the clinical culture site is not sensitive to the antibiotics used.”® AEAT means that the antibiotic regimen was active
against the identified pathogen based on susceptibility testing.” Among patients who received AEAT, a proportion of
antibiotic regimens were appropriate but unnecessary (AUEAT, which could also be considered excessive empirical
therapy), ie, patients were treated with broad-spectrum antibiotics against resistant organisms, but no resistant organisms
were isolated.® A previous systematic review indicates that IEAT prevalence ranged from 14% to 79%, with nearly half
of the included studies describing an incidence of 50% or more.® In addition, unnecessarily broad-spectrum empirical
antibiotic therapy, though appropriate, has been also widely identified in global research. A review points out that half of
the intensive care unit (ICU) patients received broad-spectrum empirical antibiotic therapy without definitively confirmed
infection.” IEAT and AUEAT would cause serious adverse events, such as increasing the generation of antimicrobial
resistance, the prevalence of Clostridioides difficile infection, antibiotic-related toxicities, health care costs, and
mortality.>'*!!

In China, inappropriate antibiotic prescribing for outpatients was prevalent, and over half of them occurred in
secondary and tertiary hospitals.'> However, there is a lack of data on IEAT and AUEAT in hospitalized patients. In
our study, we investigated the prevalence, relative factors, and outcomes of IEAT and AUEAT of infected inpatients, to
describe a current scenario of EAT in a tertiary hospital in China and inform further strategies to improve the
appropriateness of EAT.

Methods

Study Design and Participants

This retrospective cohort study was conducted at the Fifth Affiliated Hospital, Sun Yat-sen University, Zhuhai, China.
The Fifth Affiliated Hospital, Sun Yat-sen University is a large tertiary-level general hospital that integrates medical care,
teaching, research, and preventive care. The hospital has a total of 2300 open beds and more than 70,000 admissions
per year. Clinical health records of 76,264 patients admitted to the hospital between October 1, 2019, to September 30,
2020, were retrieved for further inclusion in the analysis against the inclusion and exclusion criteria. All patients aged
>16 years old, who had at least one clinical specimen collected for in vitro bacterial culture during hospitalization and
had a positive result, and who received empirical antibiotic therapy before or within 24 hours after pathogenic specimen
collection as prescribed by the physician were included in the analysis. Patients were excluded if they lacked critical
hospitalization information, such as diagnosis, discharge pattern, and length of stay, if they lacked antimicrobial
susceptibility test results, or if the infecting bacteria were identified on admission. Each patient was included only
once, at the time of the first positive culture. Finally, 1257 patients were included for analysis. The study inclusion
flowchart is shown in Figure 1.

Data Source

We extracted demographic, clinical, and laboratory data from an electronic health record system. Clinical medical records
were documented using paperless records, which were recorded by medical professionals at the time of patient
admission. Clinical data included comorbidities, previous bloodstream infection, fever on admission, suspected site of
infection, the severity of infection, antibiotic strategies, and patient outcome. The suspected site of infection defined by
admission diagnosis or specimen culture results, eg, positive sputum culture was considered a respiratory tract infection.
The severity of infection was assessed by the clinician based on the Sequential [Sepsis-related] Organ Failure Assessment
(SOFA) score, which was divided into sepsis, septic shock, and no sepsis. Sepsis was defined according to Sepsis-3
criteria'? as life-threatening organ dysfunction, which can be represented by an increase in the SOFA score of 2 points or
more, caused by a dysregulated host response to infection. Septic shock was defined as a subset of sepsis, which used
vasopressor requirement to maintain a mean arterial pressure of 65 mmHg or greater and serum lactate level greater than
2 mmol/L (>18 mg/dL) in the absence of hypovolemia.'? Patient outcomes in the medical record system included
improvement, death, and discharge against medical advice. It has been noted that discharge against medical advice
increases the risk of readmission of patients, as well as morbidity and mortality."* Therefore, both death and discharge
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76264 inpatients from Octorber 1, 2019 to September 30, 2020 were collected

Included:

1) aged >16 years old;

— 1 2) bacteria were isolated from at least one clinical
specimen;

3) received empirical antibiotic therapy.

1289 inpatients with bacterial infection received empiric antibiotic therapy

Excluded:

1) lacked critical hospital records;

2) lacked antimicrobial susceptibility test results;
3) Infecting bacteria were identified on admission.

y

1257 patients received empiric antibiotics therapy before or within 24 hours of culturing

|
Y L

536 patients received inappropriate empirical
antibiotic therapy

: — i

721 patients received appropriate empirical antibiotic therapy

353 patients received 368 patients received appropriate
appropriate and necessary but unnecessarily broad-sepectrum bacterial distribution and analysis of antibiotic use
empirical antibiotic therapy empirical antibiotic therapy

Figure | Case-selection flowchart.
Note: Data from multiple hospitalizations were collected only once during the study period.

against medical advice were considered as poor prognoses in this study. Laboratory data included microbiological data.
Microbiology data contained bacterial isolation and antimicrobial susceptibility testing reports. We collected the
empirical use of antibiotics during the hospitalization of each included patient and evaluated the rationality of the
antibiotic strategy according to the antimicrobial susceptibility testing report, of which intermediate susceptibilities were
treated as resistant. Multidrug-resistant organism (MDRO) is defined as non-susceptibility to at least one agent in three or
more antimicrobial categories,'” including methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant
enterococci (VRE), and certain Gram-negative bacilli.'® Extensively drug-resistant (XDR) is defined as non-
susceptibility to at least one agent in all but two or fewer antimicrobial categories (ie, bacterial isolates remain
susceptible to only one or two categories).'> Pandrug resistance (PDR) is defined as non-susceptibility to all agents in
all antimicrobial categories (ie, no agents tested as susceptible for that organism).'> MDRO included XDR and PDR in
our analysis. Many bacteria have intrinsic antibiotic resistance (eg, ceftriaxone and Pseudomonas aeruginosa) and were
considered insensitive. When the susceptibility of an antibiotic received was not reported, in-vitro susceptibility or
resistance was inferred according to the susceptibility results for other antibiotics in the same antibiotic category. For
example, a Gram-negative organism susceptible to ceftriaxone may not have susceptibilities reported to all higher-
generation cephalosporins (ie, cefepime), but these agents can be safely used.®

Infection and Drug Resistance 2023:16 hetps: 4557

Dove:


https://www.dovepress.com
https://www.dovepress.com

Luo et al Dove

Definitions

EAT was defined as an antibiotic treatment before the drug sensitivity test report was obtained (at least 24 hours after
sampling).'” TEAT was defined as the patient being treated with empiric antibiotics, but at least one pathogen isolated
from any clinical culture site was not sensitive to all antibiotics used.>® Appropriate empirical antibiotic therapy (AEAT)
was defined as the patient being treated with empiric antibiotics, and the antibiotic regimen was active against the
identified pathogen based on susceptibility testing.” Among patients who received AEAT, a proportion of them received
appropriate but unnecessarily broad-spectrum empirical antibiotic therapy (AUEAT), which was defined as the patient
received empiric antibiotics and anti-MRSA antibiotics, anti-VRE antibiotics, anti-Pseudomonas B-lactam, or carbape-
nem, but none of these drug-resistant bacteria (MRSA, VRE, ceftriaxone-resistant Gram-negative organisms (CTX-RO),
or extended-spectrum B-lactamase (ESBL) Gram-negative organism) was cultured from the specimen of any infected
site;® the rest received appropriate and necessary empirical antibiotic therapy (ANEAT).

Data Analysis

Continuous variables were compared by using the Student’s #-test for normally distributed variables and the Mann—
Whitney U-test for non-normally distributed variables. Categorical variables were assessed by using the Pearson chi-
square test or two-tailed Fisher exact test. Univariate analysis was used to describe patient demographics, comorbid-
ities, infection characteristics, site of infection, laboratory data (including antimicrobial susceptibility testing reports),
and patient outcomes. Variables of clinical characteristics with P <0.1 in the univariate analysis and a priori variable
were included with an enter method of multivariable logistic regression model, and the statistical strategy was
developed based on some previous studies.®'® A priori we chose the following variable: severity of infection. This
variable was included in the final model irrespective of its statistical significance since it was considered to have an
important impact on outcome indicators of the outcome. We also performed separate subgroup analyses on patients
non-admitted to the ICU and patients admitted to ICU. The missing values for the baseline characteristic data were
<1% (Table S1). All tests of significance used a 2-sided P < 0.05. Analyses were conducted using IBM SPSS Statistic
version 25.0.

Result

Patient Characteristics

We finally identified 1257 patients with a positive bacterial culture who received EAT (Figure 1). The demographic and
clinical data are described in Table 1. The laboratory indicators data on admission are presented in Table S2. The median
age of 1257 patients was 61 years old (interquartile range [IQR] age, [48—71] years). Seven hundred and twenty-three
(57.5%) patients were male. One hundred and ninety-one (15.2%) patients with fever on admission. One hundred and
seventy-seven (14.1%) patients with sepsis. The respiratory tract was the most common infection site (409/1257, 32.5%),
followed by urinary tract infection (338/1257, 26.9%). Nearly half of the patients were infected with MDRO (570/
1257, 45.3%).

Prevalence of MDRO

The most common culture-positive pathogen was Escherichia coli (315/1257, 25.1%), followed by Klebsiella species
(208/1257, 16.5%), S. aureus (204/1257, 16.2%), and Pseudomonas species (167/1257, 13.3%) (Figure 2). More than
two-thirds of the E. coli strains were MDRO. In patients non-admitted to the ICU, the most common isolation strain was
E. coli (276/998, 27.7%), which also had the highest incidence of drug resistance (44.4%) (Figure S1). Among patients
admitted to the ICU, the most common isolation strains were Klebsiella species (60/259, 27.8%), but E. coli had a higher
rate of drug resistance (26.9%) (Figure S2).

Characteristics and Relative Factors Associated with I[EAT
The characteristics of patients received appropriate vs inappropriate empirical antibiotic therapy (721 [57.4%] vs 536
[42.6%]) are shown in Table 1. Patients treated with IEAT were less likely to have comorbid chronic respiratory disease
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Table 1 Characteristics of 1257 Patients with Empiric Antibiotic Therapy

Total (n=1257) Appropriate Empiric Inappropriate Empiric P value
Antibiotics Therapy (n=721) | Antibiotics Therapy (n=536)
Demographic Characteristics
Age, median (IQR), y 61(48-71) 62(50-71) 58(47-70) 0.108
Sex
Female 534(42.5%) 295(40.9%) 239(44.6%) 0.192
Male 723(57.5%) 426(59.1%) 297(55.4%)
Comorbidities®
Chronic respiratory disease 269(21.4%) 175(24.3%) 94(17.5%) 0.004
Hypertension 435(34.6%) 251(34.8%) 184(34.3%) 0.858
Coronary heart disease 114(9.1%) 74(10.3%) 40(7.5%) 0.087
Congestive heart failure 89(7.1%) 60(8.3%) 29(5.4%) 0.047
Diabetes mellitus 279(22.2%) 170(23.6%) 109(20.3%) 0.171
Renal failure 125(9.9%) 75(10.4%) 50(9.3%) 0.529
HBsAg positive 98(7.8%) 54(7.5%) 44(8.2%) 0.638
Fatty liver 72(5.7%) 40(5.5%) 32(6.0%) 0.750
HIV 15(1.2%) 9(1.2%) 6(1.1%) 0.835
Liver cirrhosis 35(2.8%) 25(3.5%) 10(1.9%) 0.088
Autoimmune disease, AID 61(4.9%) 38(5.3%) 23(4.3%) 0.424
Transplant recipient 18(1.4%) 11(1.5%) 7(1.3%) 0.746
Cancer 365(29.0%) 211(29.3%) 154(28.7%) 0.837
Using hormones or immunosuppressants 82(6.5%) 54(7.5%) 28(5.2%) 0.108
Previous bloodstream infection® 47(3.7%) 22(3.1%) 25(4.7%) 0.136
Smoking 207(16.5%) 125(17.3%) 82(15.3%) 0.335
Alcohol drinking 99(7.9%) 56(7.8%) 43(8.0%) 0.868
Infection Characteristics
Fever on admission 191(15.2%) 131(18.2%) 60(11.2%) 0.001
Severity of infection
No sepsis 1080(85.9%) 605(83.9%) 475(88.6%) 0.053
Sepsis without shock 109(8.7%) 73(10.1%) 36(6.7%)
Septic shock 68(5.4%) 43(6.0%) 25(4.7%)
Vasopressor® 154(12.3%) 104(14.4%) 50(9.3%) 0.006
Colloid® 298(23.7%) 169(23.4%) 129(24.1%) 0.796
Mechanical ventilation® 205(16.3%) 126(17.5%) 79(14.7%) 0.194
Suspicious site of infection
Respiratory 409(32.5%) 265(36.8%) 144(26.9%) <0.001
Urinary tract 338(26.9%) 152(21.1%) 186(34.7%) <0.001
Skin, soft tissue, bone, or joint 167(13.3%) 95(13.2%) 72(13.4%) 0.895
Bloodstream 146(11.6%) 96(13.3%) 50(9.3%) 0.029
Multisite 92(7.3%) 58(8.0%) 34(6.3%) 0.252
Abdomen 91(7.2%) 50(6.9%) 41(7.6%) 0.629
Others 14(1.1%) 5(0.7%) 9(1.7%) 0.100
Antimicrobial susceptibility testing report
Non-MDRO 687(54.7%) 488(67.7%) 199(37.1%) <0.001
MDRO 570(45.3%) 233(32.3%) 337(62.9%)

Notes: *Comorbidities were diagnosed by the clinician. Chronic respiratory disease mainly refers to chronic obstructive pulmonary disease, asthma, bronchitis, and other
chronic respiratory diseases. Fatty liver was not classified in this study. In addition to organ transplants, transplant recipients also included bone marrow stem cell
transplants. Patients who use hormones or immunosuppressants were specifically referred to the long-term users. EClinicians may choose antibiotics concerning the bacteria
of their previous infections. “Vasopressor mainly refers to dopamine, norepinephrine, or isoproterenephrine. “Refers to colloid dilatation treatment such as albumin, plasma,
or cryoprecipitate received during hospitalization. “Mechanical ventilation included high-flow oxygen therapy, non-invasive auxiliary ventilation, and invasive auxiliary
ventilation therapy, and moderate or low-flow oxygen therapy was excluded. "Bloodstream infection included catheter-related bloodstream infection; others included
multisite infection, cerebrospinal fluid infection, yeast infection, and unknown infection. Continuous variables were compared by using the Mann—Whitney U-test. Categorical
variables were assessed by using the Pearson chi-square test or two-tailed Fisher exact test.
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Figure 2 Pathogen distribution and antimicrobial susceptibility testing reports.

(175 [24.3%] vs 94 [17.5%]; p = 0.004) or congestive heart failure (60 [8.3%] vs 29 [5.4%]; p = 0.047), to have a fever
on admission (131 [18.2%] vs 60 [11.2%]; p = 0.001), to require vasopressor (104 [14.4%] vs 50 [9.3%]; p = 0.006), to
have respiratory tract infections (265 [36.8%] vs 144 [26.9%]; p < 0.001) or bloodstream infections (96 [13.3%] vs 50
[9.3%]; p = 0.029), and more likely to have urinary tract infections (152 [21.1%] vs 186 [34.7%]; p < 0.001) and
infection with MDRO (233 [32.3%] vs 337 [62.9%]; p < 0.001). Similar differences were found in the subgroup analysis
of non-admitted ICU patients (Table S3). The prevalence of MDRO infection was lower in patients received AEAT than
in those received IEAT in both non-ICU-admitted (152 [36.1%] vs 269 [63.9%]; p < 0.001) and ICU-admitted (40
[27.8%] vs 68 [59.1%]; p < 0.001) patients (Table S4). The laboratory data for patients (non-admitted to the ICU and
admitted to the ICU) received AEAT and IEAT were shown in Tables S5 and S6, respectively. Multivariable analysis
showed that MDRO (adjusted OR 3.421 [95% CI 2.683~4.362]; p < 0.001) and fever on admission (adjusted OR 0.592
[95% CI 0.415~0.844]; p = 0.004) were correlates of [EAT (Table 2).

Pathogen Distribution and Antibiotic Use Analysis in IEAT

Of the patients who received IEAT, 68.3% (366/536) were infected with Gram-negative bacteria, predominantly
Escherichia coli and Pseudomonas aeruginosa; 31.7% (170/536) were infected with Gram-positive bacteria, mainly
Staphylococcaceae (Figure 3). 10.2% (128/536) of patients were infected with ESBL-producing Gram-negative organ-
isms. Forty-one percent (221/536) of patients received antibiotic therapy with the correct antimicrobial spectrum but
failed to cover MDRO, and 62% (136/221) of them had 1 or 2 risk factors for MDRO infection (Figure 4).

Characteristics and Relative Factors Associated with AUEAT

Compared with 353 (49.0%) patients who received ANEAT, 368 (51.0%) patients who received AUEAT were older
(median [IQR] age, 58 [48-68] vs 64 [53-72] years; p < 0.001), and were more likely to have comorbid chronic
respiratory disease (64 [18.1%] vs 111 [30.2%]; p < 0.001), to have a previous bloodstream infection (6 [1.7%] vs 16
[4.3%]; p = 0.039), to have a fever on admission (52 [14.7%] vs 79 [21.5%]; p = 0.019) and sepsis (sepsis without shock:
23 [6.5%] vs 50 [13.6%]; p = 0.001; septic shock: 9 [2.5%] vs 34 [9.2%]; p < 0.001), to receive vasopressors (34 [9.6%]
vs 70 [19.0%]; p < 0.001), colloids (69 [19.5%] vs 100 [27.2%]; p = 0.016), and mechanical ventilation (40 [11.3%] vs
86 [23.4%]; p < 0.001), and to have respiratory infections (97 [27.5%] vs 168 [45.7%]; p < 0.001) and bloodstream
infections (35 [9.9%] vs 61 [16.9%]; p = 0.008); there were fewer urinary tract infections (111 [31.4%] vs 41 [11.1%];
p <0.001) and skin, soft tissue, bone, or joint infections (60 [17.0%] vs 35 [9.5%]; p = 0.003), and lower rates of MDRO
infections (132 [37.4%] vs 101 [27.4%]; p = 0.004) (Table 3). The laboratory data for patients received ANEAT vs

4560 "o Infection and Drug Resistance 2023:16

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=402172.docx
https://www.dovepress.com/get_supplementary_file.php?f=402172.docx
https://www.dovepress.com/get_supplementary_file.php?f=402172.docx
https://www.dovepress.com/get_supplementary_file.php?f=402172.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Luo et al

Table 2 Univariate and Multivariable Logistic Regression Analysis of IEAT-Related Factors

Variable Crude Adjusted OR (95% CI) | P value | Adjusted OR (95% CI) | P value
MDRO 3.547(2.805~4.485) <0.001 3.421(2.683~4.362) <0.001
Fever on admission 0.568(0.409~0.789) 0.001 0.592(0.415~0.844) 0.004
Bloodstream infection 0.670(0.466~0.962) 0.030 0.696(0.450~1.075) 0.102
Urinary tract infection 1.989(1.546~2.560) <0.001 1.247(0.906~1.716) 0.175
Congestive heart failure 0.630(0.399~0.996) 0.048 0.731(0.436~1.227) 0.236
Respiratory tract infection 0.632(0.495~0.807) <0.001 0.822(0.594~1.138) 0.237
Liver cirrhosis 0.529(0.252~1.112) 0.093 0.630(0.287~1.385) 0.25
Chronic respiratory disease 0.664(0.501~0.878) 0.004 0.833(0.602~1.154) 0.273
Sepsis 0.664(0.475~0.928) 0.016 0.834(0.558~1.247) 0.376
Vasopressor 0.610(0.427~0.873) 0.007 0.833(0.550~1.262) 0.389
Coronary heart disease 0.705(0.472~1.054) 0.088 0.842(0.534~1.327) 0.458

Abbreviation: IEAT, inappropriate empiric antibiotics therapy.

AUEAT were shown in Table S7. Similar differences were found in the subgroup analysis of non-admitted ICU patients

(Table S8). In the subgroup analysis of patients admitted to the ICU, patients received AUEAT were older than those
received ANEAT (Table S9). The laboratory data for patients (non-admitted to the ICU and admitted to the ICU) received
ANEAT and AUEAT were shown in Tables S10 and S11, respectively.

Four variables were identified as correlates of AUEAT in multivariable logistic regression analysis (Table 4): sepsis
(adjusted OR 2.342 [95% CI 1.371~3.999]; p = 0.002), age (adjusted OR 1.019 [95% CI 1.008~1.030]; p < 0.001),

Total: 536

Enterobacteriaceae: 224

Proteus spp.: 8 ==

Enterobacter: 24 [l

Klebsiella spp.: 47

Escherichia coli: 136

Other Enterobacteriaceae bacteria: 9 ==

Other Non-fermenting Gram-negative Bacilli: 6 ==

Non-fermenting Gram-negative Bacilli: 140

Other: 2 —

Stenotrophomonas: 24

Acinetobacter spp.: 39 I

Gram-positive bacteria: 170

Figure 3 Pathogen distribution in patients received IEAT.

Pseudomonas spp.: 71 I

Coagulase-negative Staphylococci: 59

Staphylococcus aureus: 30 .

Streptococcus: 2 —

Enterococcus spp.: 79 I

CRE: 11

ESBL+: 128

CRAB: 10 =

CRPA: 27

MRCNS: 57 I

MRSA: 28 [l

Abbreviations: MRSA, methicillin-resistantStaphylococcus aureus; ESBL, extended-spectrum B-lactamase; CRE, carbapenem-resistantEnterobacteriaceae; CRPA, carbapenem-
resistantPseudomonas aeruginosa; CRAB, carbapenem-resistantAcinetobacter baumannii; MRCNS, methicillin-resistant coagulase negative Staphylococcus.
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12% 194
10%
41%
62%
36%
Correct antimicrobial spectrum but fails to cover MDRO 18%

Intrinsic antibiotic resistance

Correct antimicrobial spectrum but resistant
Covering MDRO but resistant

Other

0 risk factor for MDRO infection

1 or 2 risk factors for MDRO infection

> 3 risk factors for MDRO infection

Figure 4 Antibiotic use and risk factors of MDRO infection in patients received IEAT.

Notes: “Correct antimicrobial spectrum but failed to cover MDRO” referred to the use of antibiotics that could cover the bacterial species, but not the isolated MDRO.
“Intrinsic antibiotic resistance” meant that bacteria have intrinsic antibiotic resistance to the antibiotic used. “Correct antimicrobial spectrum but resistant” meant that the
antibiotic used could cover the bacterial species, but the culture-positive strain (not MDRO) was resistant to it. “Covering MDRO but resistant” referred to using broad-
spectrum antibiotics that can cover resistant bacteria, but the isolated bacteria were resistant to it. MDRO risk factors included:' 1) age 265 years; 2) immunocompromised
(including patients with diabetes, chronic obstructive pulmonary disease, liver cirrhosis, uremia, patients suffering from cancer treated with immunosuppressive drugs,
radiation therapy or chemotherapy); 3) central venous catheter; 4) mechanical ventilation; 5) invasive operations such as indwelling catheter; 6) received 3 or more
antimicrobials within 90 days; 7) previous multiple or prolonged hospitalizations (22 times); 8) prior MDRO colonization or infection.

MDRO (adjusted OR 0.664 [95% CI 0.469~0.941]; p = 0.021), and urinary tract infection (adjusted OR 0.352 [95% CI
0.203~0.6117]; p < 0.001). Sepsis was the strongest correlate of AUEAT.

Outcome and EAT Prescriptions

Two hundred and fifty-nine (20.6%) patients were admitted to ICU and the median ICU LOS was 8.0 days ([IQR], [3.0-
16.0] days) (Table 5). The median hospital LOS was 14 days ([IQR], [8-29] days). Two hundred and sixty-one (20.8%)
patients had a poor prognosis. Compared with patients received ANEAT, patients received AUEAT were more likely to
be admitted to ICU (54 [15.3%] vs 91 [24.7%]; p = 0.001), to have higher hospital costs (median [IQR], 24,971 [13,135—
70,155] vs 30,960 [16,475-90,881] CNY; p = 0.002), and to have a worse prognosis (63 [17.8%] vs 101 [27.4%]; p =
0.002) (Tables 5 and S12). Patients who received IEAT, although not found to be associated with worse prognosis,
resulted in longer hospital LOS (median [IQR], 13 [7-25] vs 17 [8-31] days; p = 0.007) and increased hospital costs
(median [IQR], 24,971 [13,135-70,155] vs 31,489 [14,894—-101,082] CNY; p = 0.007). In the subgroup analysis, a worse
prognosis was found in patients admitted to the ICU who received AUEAT compared to those who received ANEAT (19
[35.2%] vs 48 [53.3%]; p = 0.035) (Table S9).
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Table 3 Patients’ Characteristics of Receiving Appropriate Empiric Antibiotic Therapy
Total (n=721) Appropriate and Appropriate but P value
Necessary Therapy Unnecessary Therapy
(n=353) (n=368)
Demographic Characteristics
Age, median (IQR), y 61(48-71) 58(48-68) 64(53-72) <0.001
Sex
Female 534(42.5%) 144(40.8%) 151(41.0%) 0.948
Male 723(57.5%) 209(59.2%) 217(59.0%)
Comorbidities
Chronic respiratory disease 269(21.4%) 64(18.1%) 111(30.2%) <0.001
Hypertension 435(34.6%) 116(32.9%) 135(36.7%) 0.281
Coronary heart disease 114(9.1%) 34(9.6%) 40(100.9%) 0.584
Congestive heart failure 89(7.1%) 28(7.9%) 32(8.7%) 0.711
Diabetes mellitus 279(22.2%) 78(22.1%) 92(25.0%) 0.359
Renal failure 125(9.9%) 34(9.6%) 41(11.1%) 0.507
HBsAg positive 98(7.8%) 25(7.1%) 29(7.9%) 0.684
Fatty liver 72(5.7%) 19(5.4%) 21(5.7%) 0.849
HIV 15(1.2%) 5(1.4%) 4(1.1%) 0.690
Liver cirrhosis 35(2.8%) 9(2.5%) 16(4.3%) 0.187
Autoimmune disease, AID 61(4.9%) 21(5.9%) 17(4.6%) 0.425
Transplant recipient 18(1.4%) 5(1.4%) 6(1.6%) 0.815
Cancer 365(29.0%) 104(29.5%) 107(29.1%) 0.909
Using hormones or immunosuppressants 82(6.5%) 26(7.4%) 28(7.6%) 0.901
Previous bloodstream infection 47(3.7%) 6(1.7%) 16(4.3%) 0.039
Smoking 207(16.5%) 58(16.4%) 67(18.2%) 0.529
Alcohol drinking 99(7.9%) 25(7.1%) 31(8.4%) 0.501
Infection Characteristics
Fever on admission 191(15.2%) 52(14.7%) 79(21.5%) 0.019
Severity of infection
No sepsis 1080(85.9%) 321(90.9%) 284(77.2%) <0.001
Sepsis without shock 109(8.7%) 23(6.5%) 50(13.6%)
Septic shock 68(5.4%) 9(2.5%) 34(9.2%)
Vasopressor 154(12.3%) 34(9.6%) 70(19.0%) <0.001
Colloid 298(23.7%) 69(19.5%) 100(27.2%) 0.016
Mechanical ventilation 205(16.3%) 40(11.3%) 86(23.4%) <0.001
Suspicious site of infection
Respiratory 409(32.5) 97(27.5%) 168(45.7%) <0.001
Urinary tract 338(26.9%) 111(31.4%) 41(11.1%) <0.001
Skin, soft tissue, bone, or joint 167(13.3%) 60(17.0%) 35(9.5%) 0.003
Bloodstream 146(11.6%) 35(9.9%) 61(16.6%) 0.008
Multisite 92(7.3%) 28(7.9%) 30(8.2%) 0913
Abdomen 91(7.2%) 20(5.7%) 30(8.2%) 0.189
Other 14(1.1%) 2(0.6%) 3(0.8%) 1.000
Antimicrobial susceptibility testing report
Non-MDRO 687(54.7%) 221(62.6%) 267(72.6%) 0.004
MDRO 570(45.3%) 132(37.4%) 101(27.4%)

Notes: Comparison between groups showed significant differences between the groups of no sepsis vs sepsis (p = 0.001) and between the groups of no sepsis vs septic
shock (p < 0.001). Continuous variables were compared by using the Mann-Whitney U-test. Categorical variables were assessed by using the Pearson chi-square test or

two-tailed Fisher exact test.
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Table 4 Univariate and Multivariable Logistic Regression Analysis of AUEAT-Related Factors
Variable Crude Adjusted OR (95% CI) | P value | Adjusted OR (95% CI) | P value
Sepsis 3.072(1.975~4.778) <0.001 2.342(1.371~3.999) 0.002
Age 1.022(1.012~1.032) <0.001 1.019(1.008~1.030) <0.001
MDRO 0.633(0.462~0.867) 0.004 0.664(0.469~0.941) 0.021
Urinary tract infection 0.273(0.184~0.406) <0.001 0.352(0.203~0.611) <0.001
Mechanical ventilation 2.386(1.587~3.589) <0.001 1.627(0.961~2.756) 0.070
Previous bloodstream infection 2.629(1.017~6.797) 0.046 1.658(0.592~4.645) 0.336
Fever on admission 1.582(1.076~2.326) 0.020 1.439(0.935~2.215) 0.098
Chronic respiratory disease 1.950(1.374~2.769) <0.001 1.372(0.913~2.063) 0.128
Bloodstream infection 0.554(0.355~0.864) 0.009 1.245(0.687~2.257) 0.470
Respiratory tract infection 0.451(0.331~0.616) <0.001 1.216(0.743~1.990) 0.437
Vasopressor 0.454(0.292~0.704) <0.001 1.034(0.579~1.846) 0911
Colloid 0.651(0.459~0.923) 0.016 0.737(0.470~1.155) 0.183
Skin, soft tissue, bone, or joint infection 1.948(1.248~3.042) 0.003 0.580(0.320~1.051) 0.073
Abbreviation: AUEAT, appropriate but unnecessarily broad-spectrum empirical antibiotic therapy.
Table 5 Outcome Associated with IEAT and AUEAT

Outcome Total (n=1257) ANEAT (n=353) IEAT (n=536) AUEAT (n=368) P value

ICU admission 259(20.6%) 54(15.3%) 115(21.5%) 91(24.7%) 0.006

ICU LOS, median (IQR), d 8.0(3.0-16.0) 7.0(3.8-13.0) 8.0(3.0-17.0) 7.0(3.0-17.0) 0.893

Hospital LOS, median (IQR), d 14(8-29) 13(7-25) 17(8-31) 14(8-30) 0.026

Hospital costs, median (IQR), CNY | 29,011(14,750-89,464) | 24,971(13,135-70,155) | 31,489(14,894-101,082) | 30,960(16,475-90,881) 0.004

Poor prognosis 261(20.8%) 63(17.8%) 97(18.1%) 101(27.4%) 0.001

Notes: Continuous variables were compared by using the Mann—-Whitney U-test. Categorical variables were assessed by using the Pearson chi-square test or
two-tailed Fisher exact test.

Abbreviations: AEAT, appropriate empirical antibiotic therapy; IEAT, inappropriate empirical antibiotic therapy; AUEAT, appropriate but unnecessarily broad-
spectrum empirical antibiotic therapy; ANEAT, appropriate and necessary empirical antibiotic therapy; d, days; CNY, China Yuan.

Discussion

In our study, we found that nearly half of the infected inpatients received IEAT, and in addition, more than half of the
patients who received AEAT had been treated with unnecessarily broad-spectrum antibiotics. Inappropriate and unne-
cessarily broad-spectrum antibiotics were widely prevalent among hospitalized patients.”* >* Investigating the prevalence
of EAT prescriptions in different countries and regions is helpful to grasp the burden of unreasonable use of antibiotics in
the world and improve antimicrobial stewardship.

We found that infection with MDRO was a relative factor associated with IEAT and AUEAT. Nearly half of the
included patients were infected with MDRO. Almost half of the patients who received IEAT failed to cover MDRO, and
most of these patients had at least one high-risk factor for MDRO infection. This suggests that clinicians were not
properly assessing whether patients may be infected with MDRO. The global dissemination of antimicrobial resistance
further complicates empirical antibiotic decisions and is an independent risk factor for IEAT and AUEAT.****
Antimicrobial resistance represents a major threat to human health with significant global and security implications
and the Global antimicrobial resistance surveillance system (GLASS) report showed disturbing high rates of resistance
among antimicrobials frequently used to treat common bacterial infections.”> The spread of resistance results in serious
clinical and economic adverse outcomes, threatening the enormous gains made by the availability of antibiotic therapy.*®
In China, a range of policies have been introduced to curb antibiotic overuse and have achieved some success,”’® but
MDROs are still prevalent nationwide. The China Antimicrobial Surveillance Network (CHINET) had been set up to
monitor bacterial resistance in China since 2005. According to the annual report of CHINET (2021), the situation of
antibiotic resistance of bacteria represented by Gram-negative bacilli is severe, with the detection rate of the third-
generation cephalosporin-resistant E. coli strains remaining high, and the detection rate of carbapenem-resistant

https:

4564

Infection and Drug Resistance 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Luo et al

Klebsiella pneumoniae keeps rising. Our findings were similar to it. In the subgroup analysis, the detection rate of
Klebsiella pneumoniae was higher in patients admitted to ICU, and the drug resistance situation was more severe. Early
identification of pathogens and strengthening of antibiotic stewardship is the direction of efforts to reduce antimicrobial
resistance and improve the accuracy of antibiotic prescription.>® There is an urgent need for timely, rapid, and accurate
pathogen identification technology to assist clinicians in the formulation of treatment strategies. Hospitals should
establish preferred empiric regimens for specific diseases and disease guidelines to reduce the rate of the inappropriate-
ness of antibiotic treatment, taking into consideration local and national guidelines as well as antimicrobial
susceptibilities.”*' And it is appropriate and prudent for hospitals to develop systems in which patients are expeditiously
recognized and promptly treated with an antimicrobial regimen that is broad enough to cover all plausibly likely
pathogens.'!

Sepsis was the strongest correlate of receiving AUEAT, followed by age. Fever on admission was negatively
correlated with IEAT. The previous literature has shown that illness severity and age were independent predictors of
mortality.>*>* Elderly adults are more likely to have bacterial infections or severe infections and the incidence of
sepsis is disproportionately increased for them.?* Clinicians may be more aggressive in their choice of antibiotics for
those patients with severe infections, older age, or clinically significant presentations, as physicians want to ensure
appropriateness mostly in severely ill patients, but it may result in antibiotic abuse and would not improve patient
prognosis.** In our cohort, we found a worse prognosis in patients who received AUEAT, but not in those who
received IEAT. This result was also found in the subgroup analysis of patients admitted to the ICU. These differ
slightly from the results of some previous studies,’>* which reported that IEAT or AUEAT was linked to increased
mortality. We speculated that it might be because they were focused on severe infection patients such as bloodstream
infection, ventilator-associated pneumonia, intra-abdominal infections, or sepsis. These patients were in severe
condition and may have had a poor prognosis even without being treated with antibiotics. But they could not represent
patients with infections of mild or moderate severity, which are more commonly encountered in clinical practice and
therefore of greater importance for the overall selection of antibiotics and identification of resistant pathogens.*
Therefore, clinicians have to be more careful in choosing antibiotic regimens. Clinicians should make empirical
antibiotic choices based on a combination of patient factors (age, illness severity, etc.), the suspected site of infection,
the antimicrobial susceptibility of the expected pathogens, and local microbial resistance patterns, combined with
current international guidelines and consensus.*"*'

In terms of economic benefits, we found both IEAT and AUEAT would significantly increase healthcare costs, and
IEAT would also prolong hospital LOS. There was an association between antimicrobial resistance and increases in
healthcare costs. This association was likely the result of inadequate or delayed therapy, or it may be related to the degree
of severity of the underlying disease.** In short, either inappropriate or excessive use of antibiotics may increase the
burden of healthcare costs.

There are some limitations in this study: 1) it was performed at a single center and could not be representative of
a larger population. 2) we could not distinguish between pathogenic bacteria and colonization/potential contami-
nants bacteria based on existing data, which may have had a certain impact on the results. However, according to our
exclusion criteria, we have excluded patients who are bacterial culture-positive but not treated with antibiotics,
which means that clinicians have identified part of the patients with colonized or potentially contaminated bacteria-
positive based on their expertise. 3) Only included patients who received antibiotics within 24 hours, which may
have resulted in missing some patients who received empirical antibiotics after 24 hours. But some patients may
have had initial culture results or other laboratory test results and adjusted their antibiotic regimen within 24—48
hours. 4) The Surviving Sepsis Campaign 2016 recommends that patients with sepsis and septic shock should be
treated with IV antimicrobials within 1 h of recognition.*® It may be more suitable to evaluate the rationality of the
antibiotic regimen on an hourly basis. However, it was not possible to analyze the time of antibiotic use on an hourly
basis based on our database. Most of the subjects in our study were patients with mild infections. A study showed
that in patients with mild-to-moderate disease, a delay of therapy (eg, by 4-8 h) is not associated with worse clinical

outcomes.35
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Conclusions

In summary, inappropriate and excessive empirical antibiotic use was widely prevalent among hospitalized patients.
Either inappropriate or excessive use of antibiotics may increase the burden of healthcare costs. AUEAT may be
associated with poor prognosis. The patient’s clinical characteristics can inform empirical treatment options. Clinicians
need to be more judicious in choosing antibiotic(s). The MDRO epidemic was severe, especially in patients who received
IEAT. It is imperative to take effective measures to improve the current situation of antibiotic abuse and antimicrobial
resistance.
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resistant organism; XDR, extensively drug-resistant; PDR, pandrug resistance; MRSA, methicillin-resistant Staphylococcus
aureus; VRE, vancomycin-resistant Enterococci; CTX-RO, ceftriaxone-resistant Gram-negative organisms; ESBL, extended-
spectrum [B-lactamase; CRE, carbapenem-resistant Enterobacteriaceae; CRPA, carbapenem-resistant Pseudomonas aerugi-
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