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Purpose: Empirical antibiotic therapy should follow the local bacterial susceptibility, and
the breakpoints revisions of the antimicrobial susceptibility testing can reflect the changes in
the antimicrobial susceptibility of bacteria. This study aimed to analyze whether the changes
in the antimicrobial susceptibility to antibiotics caused by the breakpoint revision will affect
the empirical antibiotic therapy and its appropriateness.

Patients and Methods: A retrospective study was conducted among 831 hospitalized
patients infected by Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa
from April 10, 2018, to April 11, 2020. We evaluated the appropriateness of empirical
therapy based on the antimicrobial susceptibility testing results. The rate of empirical use
and appropriateness of fluoroquinolones was calculated, and logistic regression was used to
analyze influencing factors of empirical use of fluoroquinolones.

Results: The susceptibility rate of the three bacteria to levofloxacin (50.78% vs 32.06%) and
ciprofloxacin (48.45% vs 21.90%) was decreased (P<0.001), while the resistance rate to levofloxacin
(45.74% vs 58.73%) and ciprofloxacin (46.90% vs 66.67%) was increased (P<0.001) after the break-
points revision. The empirical usage rate of fluoroquinolones in patients infected with Escherichia coli,
Klebsiella pneumoniae, or Pseudomonas aeruginosa was 20.94%, which was influenced by the
breakpoint revision (P=0.022), age (P=0.007), and the department (P=0.006); the appropriateness
rate was 28.74%, affected by the pathogenic bacteria (P=0.001) and multidrug-resistant microorganism
(P=0.001), department (P=0.024), and the length of stay before the empirical therapy (P=0.016).
Conclusion: The susceptibility of bacteria to antibiotics has changed significantly after the
breakpoint revision while the clinicians’ empirical therapy failure to change accordingly,
which results in the decrease of the appropriateness of empirical use. It is enlightened that we
should conduct more research to evaluate the rational use of antibiotics from the laboratory
perspective and carry out interventions such as education and supervision to strengthen the
collaboration between the microbiology laboratories and clinicians to improve the empirical
antibiotic therapy and slow down the antimicrobial resistance.

Keywords: empirical antibiotic therapy, appropriateness, fluoroquinolones, antimicrobial
resistance, breakpoint revision, antimicrobial susceptibility testing

Introduction
Antimicrobial resistance (AMR) is increasing, driven by widespread antibiotic use. As
reported in the “Antimicrobial resistance: global report on surveillance” in 2014 by
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WHO, AMR is a global trend, which is closely associated
with increased morbidity, length of stay, mortality, and
healthcare costs.'” The United Nations General Assembly
also pointed out that AMR has become the fourth major
health problem after AIDS, non-communicable diseases,
and Ebola in June 2016.°

As one of the most commonly used antibiotic categories
in clinical practice, Fluoroquinolones (FQs) are widely used
in the treatment of various bacterial infections such as urinary
system infections and respiratory system infections due to
their good pharmacokinetics.*> Between 1995 and 2002 in
the United States, the number of prescriptions for FQs
tripled, and the proportion of prescriptions for antibiotics
increased from 10% to 24%.° Although the use of FQs
decreased from 2006 to 2012, it was still the most commonly
used antibiotic in US hospitals in 2012.” It was well-known
that the overuse and abuse of antibiotics, especially the abuse
of broad-spectrum antibiotics, are the most important factors
leading to AMR.*"'! With the overuse of FQs, the resistance
of bacteria to FQs is gradually increasing. Data from the
European Antimicrobial Resistance Surveillance Network
(EARS-Net) showed that between 2012 and 2015, the resis-
tance rate of FQs to gram-negative bacteria was high and
increasing,'* Centers for Disease Control and Prevention
(CDC) also found similar results through the monitoring of
the National Surveillance System.'*"'* The increase in resis-
tance will lead to the pressure of antibiotic selection and the
difficulty of clinical treatment.

Doctors should use targeted antibiotics after clarifying
the type of bacteria and the results of drug susceptibility.
However, before the bacterial culture and antimicrobial sus-
ceptibility testing (AST) results are reported, the doctor will
often prescribe antibiotics empirically based on the patient’s
infection site, primary disease, and other basic conditions."”
Studies showed that timely and appropriate empirical medi-
cation can help reduce the hospital infection rate and mortal-
ity of patients,'® while inappropriate empirical treatment can
lead to a poorer prognosis such as infection and death.'”"'®
Therefore, in the process of clinical treatment, the empirical
use of antibiotics, especially broad-spectrum antibiotics,
should be strictly controlled. However, most previous studies
have evaluated medications based on relevant clinical prac-
tice guidelines, there is a lack of research on strengthening
empirical antibiotic treatment management from a laboratory
perspective. When deciding on an empirical antibiotic ther-
apy, physicians should not only consider the relevant factors
of the patient but also take the local bacterial distribution and

bacteriologic susceptibilities as an important reference,'’

which is an important factor affecting the success of empiric
therapy.'

To curb AMR, the World Health Organization and the
European Commission require strengthening laboratory
capacity building to regulate the use of antibiotics.>*?!
Studies have shown that the enhancement of laboratory
capacity can reduce AMR.*> AST is one of the most
important functions of a clinical microbiology laboratory,
and the AST breakpoint is used as a criterion that enables
the laboratory to categorize the result as susceptible, inter-
mediate, or resistant to a given antibiotic. The setting of
AST breakpoints is a complex and dynamic process that
integrates microbiological, pharmacokinetic (PK)/pharma-
codynamic (PD), and clinical outcome data.”® Therefore,
changes in the breakpoints can reflect the changes in the
antimicrobial susceptibility of bacteria and other charac-
teristics of antibiotics, which should be used as an impor-
tant reference for empirical antibiotic therapy.

The Clinical and Laboratory Standards Institute (CLSI)
breakpoint guideline is updated yearly and is crucial to
microbiology laboratories’ capacity to provide quality
results.”* Recommendations and criteria provided by the
guideline are now used in day-to-day patient care by
physicians and pharmacists. However, if the change of
breakpoint guideline is only understood by the laborator-
ians but not by the clinicians, it may lead to errors in
and irrational of antibiotics.”

interpretation use

Therefore, interdisciplinary collaboration is essential in
the implementation of the new breakpoint guidelines,***°
Clinicians should be announced in time for changes in
methods that impact identification, susceptibility testing,
or simply reporting.”> The microbiology laboratories
should collaborate with clinicians to guide the most appro-
priate therapeutic strategy and strengthen contributions to
antimicrobial stewardship.

The CLSI published revisions to the breakpoints of
ciprofloxacin and levofloxacin against Enterobacter
(except Salmonella) and Pseudomonas aeruginosa in the
CLSI M100 in 2019 (Table 1) after reviewing the data
compiled and used by The European Committee on
Antimicrobial Susceptibility Testing (EUCAST) because
there was evidence that the breakpoints of ciprofloxacin
and levofloxacin before 2019 were too high to detect low-
level FQs resistance among Enterobacteriaceae and
Pseudomonas aeruginosa strains.”> We assume that the
CLSI breakpoint revision could have an impact on sus-
ceptibility rates of FQs, with concomitant changes in anti-

biotic prescriptions by physicians.
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Table | Ciprofloxacin and Levofloxacin Breakpoint Summary
KB/MIC(2018) KB/MIC(2019)
S R S 1 R
Enterobacteriaceae Ciprofloxacin 221/<1 16-20/2 <I5/>24 226/<0.25 22-25/0.5 <21/z1
Levofloxacin 27/=2 14-16/4 <13/=8 221/<0.5 17-20/1 <l6/22
Pseudomonas aeruginosa Ciprofloxacin 221/<1 16-20/2 <15/24 225/<0.5 19-24/1 <18/22
Levofloxacin 217/=2 14-16/4 <13/28 222/<| 15-21/1 <14/24

Abbreviations: S, susceptible; |, intermediate; R, resistance.

This study explored whether the breakpoints revision
on the change in the sensitivity of bacteria to antibiotics
will affect the empirical therapy of FQs, this empirical
therapy and its appropriateness was evaluated based on
the AST results, which can provide sound evidence for the
important role of microbiology laboratories in the antimi-
crobial stewardship programs and to improve the quality
of empirical therapy.

Patients and Methods
Study Setting and Population

A retrospective study was conducted in a tertiary teaching
hospital in Hubei province of China.

The hospital began to implement the new FQs breakpoint
(CLSI 2019)*” on April 11, 2019, so the study included two
periods, period 1, from April 10, 2018, to April 10, 2019,
with old breakpoint implemented (CLSI 2018);*® period 2,
from April 11, 2019, to April 11, 2020, with revised break-
point implemented (CLSI 2019).

We identified patients admitted to the study hospital
between April 10, 2018, and April 11, 2020, with
a diagnosis of bacterial infection, and the pathogenic bacteria
was one kind among Escherichia coli (E. coli), Klebsiella
pneumoniae (K. pneumoniae), and Pseudomonas aeruginosa
(P. aeruginosa). Patients who were only colonized by bac-
teria are excluded. To avoid over-representation of multiple
isolates from individual patients we only included the first
isolate per patient.

Levofloxacin and ciprofloxacin were selected in this
study as the breakpoints revision we studied only for
levofloxacin and ciprofloxacin against Enterobacter
(except Salmonella) and Pseudomonas aeruginosa. And
our study only included two Enterobacteriaceae,
Escherichia coli and Klebsiella pneumonia as they were
the main types of enterobacteria for clinical infection in

the research hospital.

Bacterial Isolation and Testing

Strains were identified using VITEK2-compact microbial
identification system (BioMérieux, France), duplicate
strains isolated from the same part of the same patient
were eliminated.

In vitro susceptibility testing was carried out by Kirby-
Bauer disk diffusion, the interpretation standards and qual-
CLSI
guidelines.”” The agents tested included two kinds of
FQs, ciprofloxacin, and levofloxacin. Strain ATCC25922
(E. coli), ATCC700603 (K. pneumoniae), and ATCC27853

(P. aeruginosa) were used as reference strains.

ity control requirements were following the

Data Collection
The data extraction included three steps. Firstly, patients
with E. coli, K. pneumoniae, or P. aeruginosa infections
were identified, and then we selected patients who have
empirically used levofloxacin and ciprofloxacin, the appro-
priateness of empirical therapy was judged based on the
AST results of the patients finally. So, we collected the
AST results of the patients with infection, and the anti-
biotics prescribed by doctors for empirical therapy.
Demographic data included age, gender, department,
infection type, length of stay (LOS) before empirical ther-
apy, pathogenic bacteria, multidrug-resistant microorgan-
ism (MDRO), and surgery were also retrieved from the
medical records.

All case information was manually extracted from the
hospital infection monitoring system.

Definitions

Empirical antibiotic therapy is considered that the antibio-

tic prescribed by the doctor before AST result is reported.
Appropriate antibiotic therapy was defined when the

isolated bacteria were susceptible in vitro to the antibiotic

empirically prescribed.
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The rate of empirical usage and appropriateness of FQs
was calculated as follows:

Ni
Usage rate :Wu x 100%

N
Appropriateness rate = N_a x 100%
u

N: total number of patients, Nu: number of patients used
FQs, Na: number of patients used FQs appropriately, Nun:
number of patients unused FQs, Nia: number of patients
used FQs inappropriately.

Statistical Analysis

Continuous variables were described as mean and standard
deviation, and compared using Student’s #-test or Mann—
Whitney U-test as appropriate; the categorical variable
description was the number and percentage of empiric usage
and appropriateness for each category, compared using a chi-
square test or Fisher’s exact test as appropriate. Univariate and
multivariate analysis were used to identify influencing factors
of empirical therapy. Variables with P < 0.05 in Univariate
analysis were considered potential independent variables and
included in a multivariate logistic regression analysis. The
unordered multi-classification variable sets the dummy vari-
able with “Others” as the reference group, the results were
expressed as odds ratio (OR) and 95% confidence interval
(95% CI). All tests were two-tailed, and significance was set
at p-value <0.05 in multivariate analysis. All statistical analy-
sis was performed using SPSS software (version 25.0).

Results
Characteristics of Patients and Empirical

Use of FQs

A total of 831 patients infected with E. coli, K. pneumoniae, or
P, aeruginosa were identified, 174 (20.94%) patients used FQs
empirically, of which the empirical use of levofloxacin was in
173 (20.82%) patients, while only 2(0.24%) patients were
prescribed ciprofloxacin empirically. Table 2 summarizes the
characteristics of patients who used and unused FQs empiri-
cally. The percentage of patients infected by each type of
pathogenic bacteria was presented as follows: E. coli
(114,24.10%), K. pneumoniae (38,16.81%), P. aeruginosa
(22,16.67%).

Compared the empirical use of FQs during the two
periods according to the revision of breakpoints. In
the second period, after the breakpoints were revised, the
empirical use of FQs was higher (80,25.40%) than patients

in the first period (94,18.22%). Patients between 18 to 44
years old (33,23.57%) were more likely to be used FQs
empirically compared to other age groups. Those who
admitted to Internal Medicine (54.27,69%) departments
were also more likely to be used FQs empirically than
those who were in the surgical department (56,16.33%)
and other departments (64,21.84%). Meanwhile, the usage
rate varied in different infection types, patients with blood-
stream infection (BSI) (49,27.07%) were used FQs empiri-
cally most, followed by urinary tract infection (UTI)
(88,21.67%), lower respiratory tract infection (LRTI)
(26,14.13%) and other infections (11,13.75%) (Table 2).

Among 174 patients who had empirically used FQs, 50
(28.74%) were appropriate, of which the appropriateness rate
of levofloxacin was 28.90% (50/173), while the 2 empirical
use of ciprofloxacin were inappropriate. Table 3 summarizes
the characteristics of patients appropriate and inappropriate
used FQs empirically. From the different pathogenic bacteria,
the appropriateness rate of patients infected by P. aeruginosa
was the highest (10,54.55%), followed by K. pneumoniae
(13,34.21%) and E. coli (25,21.93%).

Patients in the second period (17,21.25%) had a lower
appropriateness rate than those in the first period
(33,35.11%). Patients without a diagnosis of MDRO infec-
tion (49,31.82%) were significantly more likely to be used
FQs appropriately compared to those who were infected by
MDROs (1,5.00%). Patients who admitted to Internal
Medicine (23.42.59%) departments were also more likely
to be used FQs appropriately than those who were in the
surgical department (16,28.57%) and other departments
(11,17.19%). Meanwhile, those who had a shorter LOS (<7
days) (33,42.31%) were also more likely to be used FQs
appropriately than those who had a longer LOS,18.60% for
7-30 days and 10.00% for >30 days (Table 3).

The Impact of CLSI Levofloxacin and
Ciprofloxacin Breakpoints Revision on
the Susceptibility Reporting for E. coli,

K. pneumoniae and P. aeruginosa

We analyzed the impact of the revised breakpoints on the
antimicrobial susceptibility to FQs in E. coli, K. pneumoniae,
and P. aeruginosa. The overall detected susceptibility rate to
levofloxacin was 43.68% (363/831), the intermediary rate was
5.66% (47/831), and the resistance rate was 50.66% (421/
831); the overall detected susceptibility rate of ciprofloxacin
was 38.39% (319/831), the intermediary rate was 7.22% (60/
831), and the resistance rate was 54.39% (452/831).
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Table 2 Characteristics of Patients Used and Unused FQs Empirically (n, %)

Characteristics Total N=831 Used Nu=174 Unused Nun=657 Usage Rate (%) P value

Gender
Male 410(49.34) 83(47.70) 338(51.45) 20.24 0.380
Female 421(50.66) 91(52.30) 319(48.55) 21.62

Age
Mean + SD 51.30£20.16 55.30£16.01 50.24+21.01 0.001
<18 76(9.15) 3(1.72) 73(11.11) 3.95 0.002
1844 140(16.85) 33(18.97) 107(16.27) 23.57
45-60 324(38.99) 74(42.53) 250(38.05) 22.84
>60 291(35.01) 64(36.78) 227(34.55) 21.99

Period
| 516(62.09) 94(54.02) 422(64.23) 18.22 0.014
2 315(37.91) 80(45.98) 235(35.77) 25.40

MDRO
Yes 116(13.96) 20(11.49) 96(14.61) 17.24 0.291
No 715(86.04) 154(88.51) 561(85.39) 21.54

Department
Internal Medicine 195(23.47) 54(31.03) 141(21.46) 27.69 0.007
Surgical 343(41.28) 56(32.18) 287(43.68) 16.33
Others 293(35.26) 64(36.78) 229(34.86) 21.84

Infection type
uTl 406(48.86) 88(50.57) 318(48.40) 21.67 0.026
BSI 181(21.78) 49(28.16) 132(20.09) 27.07
LRTI 184(22.14) 26(14.94) 138(21.00) 14.13
Others 80(9.63) 11(6.32) 69(10.50) 13.75

Pathogenic bacteria
Escherichia coli 473(56.92) 114(65.52) 359(54.64) 24.10 0.036
Klebsiella pneumoniae 226(27.20) 38(21.84) 188(28.61) 16.81
Pseudomonas aeruginosa 132(15.88) 22(12.64) 110(16.74) 16.67

LOS before empirical therapy
Mean + SD 11.24+10.95 12.25+10.76 10.97+10.99 0.170
<7 days 433(52.11) 78(44.83) 355(54.03) 18.01 0.085
7-30 days 351(42.24) 86(49.43) 265(40.33) 24.50
>30 47(5.66) 10(5.75) 37(5.63) 21.28

Surgery
Yes 282(33.94) 55(31.61) 227(34.55) 19.50 0.466
No 549(66.06) 119(68.39) 430(65.45) 21.68

Abbreviations: UTI, urinary tract infection; BSI, bloodstream infection; LRTI, lower respiratory tract infection; LOS, length of stay; N, total number of patients; Nu, number

of patients used FQs; Nun, number of patients unused FQs.

After the breakpoints were revised, the susceptibility
rate of the three bacteria to levofloxacin (50.78% vs 32.06)
and ciprofloxacin (48.45% vs 21.90%) was decreased,

while the intermediary rate was increased (4.65% vs
11.43%), as well as the resistance rate (46.90% vs

66.67%).

Among the different pathogenic bacteria, the resistance
rate of E. coli to FQs was the highest and the lowest was
P aeruginosa; the intermediary rate of P. acruginosa to FQs
was the highest and the lowest is K. preumoniae; the suscept-
ibility rate of P. aeruginosa to FQs was the highest, and E. coli
is the lowest (Table 4).
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Table 3 Characteristics of Patients Appropriate and Inappropriate Used FQs Empirically (n, %)

Characteristics Appropriate Na=50 | Inappropriate Nia=124 | Appropriateness Rate (%) P value

Gender
Male 22(44.00) 61(49.2) 2651 0.535
Female 28(56.00) 63(50.8) 30.77

Age
Mean + SD 58.56+16.00 53.98+15.89 0.088
<18 1(2.00) 2(1.6) 33.33 0.117
1844 8(16.00) 25(20.16) 2424
45-60 16(32.00) 58(46.77) 21.62
>60 25(50.00) 39(31.45) 39.06

Period
| 33(66.00) 61(49.19) 35.11 0.044
2 17(34.00) 63(50.81) 21.25

MDRO
Yes 1(2.00) 19(15.32) 5.00 0.013
No 49(98.00) 105(84.68) 31.82

Department
Internal Medicine 23(46.00) 31(25.00) 42.59 0.010
Surgical 16(32.00) 40(32.26) 28.57
Others 11(22.00) 53(42.74) 17.19

Infection type
uTl 23(46.00) 65(52.42) 26.14 0.358
BSI 14(28.00) 35(28.23) 28.57
LRTI 11(22.00) 15(12.10) 4231
Others 2(4.00) 9(7.26) 18.18

Pathogenic bacteria
Escherichia coli 25(50.00) 89(71.78) 21.93 0.006
Klebsiella pneumoniae 13(26.00) 25(20.16) 34.21
Pseudomonas aeruginosa 12(24.00) 10(8.06) 54.55

LOS before empirical therapy
Mean + SD 8.14£7.63 13.9111.40 <0.001
<7 days 33(66.00) 45(36.29) 4231 0.001
7-30 days 16(32.00) 70(56.45) 18.60
>30 1(2.00) 9(7.26) 10.00

Surgery
Yes 14(28.00) 41(33.06) 25.45 0516
No 36(72.00) 83(66.94) 30.25

Abbreviations: UTI, urinary tract infection; BSI, bloodstream infection; LRTI, lower respiratory tract infection; LOS, length of stay; Na, number of patients used FQs

appropriately; Nia, number of patients used FQs inappropriately.

Multivariate Analysis of the Influencing
Factors of FQs Empirical Use and
Appropriateness

Table 2 showed that age, breakpoint revision, LOS before
empirical therapy, department, infection type, pathogenic bac-
teria have significant impact on the empirical use of FQs in
patients infected with E. coli, K. pneumoniae, or P. aeruginosa.

Introduce these variables into the logistic regression model.
The results showed that breakpoint revision (P=0.022), age
(P=0.007), department (P=0.006) were independent influen-
cing factors of the empirical use of FQs in patients infected
with E. coli, K. pneumoniae, or P. aeruginosa (Table 5).

Table 3 showed that breakpoint, MDRO, department,
pathogenic bacteria, LOS before empirical therapy have
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Table 4 Susceptibilities of E. coli, K. pneumoniae and P. aeruginosa Clinical Isolates According to CLSI 2018-2019 (n, %)
Pathogenic Drug Breakpoint Patients S 1 R P value
Bacteria
E. coli Levofloxacin CLSI 2018 302 116(38.41) 9(2.98) 177(58.61) 0.046
CLSI 2019 171 47(27.49) 8(4.68) 116(67.84)
Ciprofloxacin | CLSI 2018 302 105(34.77) 11(3.64) 186(61.59) <0.001
CLSI 2019 171 22(12.87) 22(12.87) 127(74.27)
K. pneumoniae Levofloxacin | CLSI 2018 126 77(61.11) 3(2.38) 46(36.51) <0.001
CLSI 2019 100 30(30.00) 11(11.00) 59(59.00)
Ciprofloxacin | CLSI 2018 126 69(54.76) 9(7.14) 48(38.10) <0.001
CLSI 2019 100 16(16.00) 9(9.00) 75(75.00)
P. aeruginosa Levofloxacin CLSI 2018 88 69(78.41) 6(6.82) 13(14.77) 0.008
CLSI 2019 44 24(54.55) 10(22.73) 10(22.73)
Ciprofloxacin | CLSI 2018 88 76(86.36) 4(4.55) 8(9.09) 0.086
CLSI 2019 44 31(70.45) 5(11.36) 8(18.18)
Total Levofloxacin CLSI 2018 516 262(50.78) 18(3.49) 23(45.74) <0.001
CLSI 2019 315 101(32.06) 29(9.21) 185(58.73)
Ciprofloxacin | CLSI 2018 516 250(48.45) 24(4.65) 242(46.90) <0.001
CLSI 2019 315 69(21.90) 36(11.43) 210(66.67)
Abbreviations: S, susceptible; |, intermediate; R, resistance.
a significant impact on the appropriate empirical use of
FQs. Introduce these variables into the logistic regression
Table 5 Logistic Regression of Empirical Use of FQs model. The results showed that MDRO (P=0.001), depart-
Pvalue | OR | OR95% C.I. ment (P=0.024), Pathogenic bacteria (P=0.001) were inde-
Breakpoint revision 0022 | 1503 | 1.060 | 2131 pendent influencing factors of the appropriate empirical
use of FQs (Table 6).
Age 0.007 1.013 | 1.003 | 1.022
Department(reference) 0.006 DiSCUSSion
Internal Medicine 0.093 1.458 | 0.939 | 2.263 Empirical Usage and Appropriateness
Surgical 0.103 | 0711 | 0472 | 1.072 Rate of FQs
Infection type(reference) 0.245 In our study, the total empirical usage rate of FQs was
20.94% in patients infected with E. coli, K. pneumoniae,
UTI 0.365 1.383 | 0.686 | 2.788 . .
or P aeruginosa, patients with BSI (27.07%), UTI
BS 0.107 | 1.831 | 0877 | 3.822 (21.67%), and LRTI (14.13%). The previous studies
LRTI 0.778 | 1.123 | 0.501 | 2519 often analyzed empirical use of FQs with only one
. . o
Pathogenic bacteria(reference) |  0.144 type of infection. A study found that 43 cases (56%)
used FQs empirically among 77 patients with severe
Escherichia coli 0.234 0.693 | 0.379 | 1.268 . . . "
community-acquired pneumonia (CAP) and requiring
Klebsiella pneumoniae 0.057 | 0.640 | 0.405 | 1.014 intensive care,30 which is higher than which in our
Constant <0001 | 0.100 study, especially higher than LRTI (56% vs 14.13%).

Abbreviations: UTI, urinary tract infection; BSI, bloodstream infection; LRTI,

lower respiratory tract infection.

Similarly, a study on the resistance of pathogens and
empiric medication in urinary tract infections (UTI)
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Table 6 Logistic Regression of Appropriate Empirical Use of FQs

P value | OR OR95% C.I.

MDRO 0.001 0.025 | 0.003 | 0.232
Department(reference) 0.024

Internal Medicine 0.007 3.877 | 1.445 | 10.401
Surgical 0.257 1.755 | 0.664 | 4.640
Pathogenic bacteria(reference) 0.001

Escherichia coli 0.004 5.596 | 1.722 | 18.186
Klebsiella pneumoniae 0.002 4874 | 1.789 | 13.277
LOS before empirical therapy 0.016 0.935 | 0.885 | 0.987
Breakpoint revision 0.204 0.594 | 0.266 | 1.327
Constant 0.051 0.376

Abbreviations: UTI, urinary tract infection; BSI, bloodstream infection; LRTI,
lower respiratory tract infection; LOS, length of stay.

analysis found that 71/139 (62.8%) patients used FQs
empirically,®’ which is also higher than the empirical
usage rate of FQs in UTI than our results (62.8% vs
21.67%). The Infectious Diseases Society of America
(IDSA) recommended that 10% to 20% is an appropri-
ate benchmark for FQs as initial empirical therapy for
UTIL*? although it acknowledged no specific data sup-
port this recommendation, we can still refer to the
benchmark to delay the development of resistance to
these drugs. The empirical use rate of FQs in our
study is lower compared to other studies, but according
to the bacterial resistance after the breakpoints revision,
measures still need to be taken to control the use
of FQs.

The appropriate rate of empirical use of FQs was only
28.74%. Grossman defined appropriate antibiotic therapy
as when the isolated bacteria were susceptible in vitro to at
least one of the antibiotics empirically administrated at the
first dose, the appropriate antibiotic therapy rate was
79.8%,>® Estela used a similar definition, and the appro-
priate usage rate was 61%.'” Chen analyzed the empirical
antibiotic therapy based on the final AST results, and the
coincidence rate was 46.9%.' These rates are higher than
those in our studies and the reason may be that these
studies not only considered FQs but also included other
antibiotics; And the appropriate for empirical use is sensi-
tivity to at least one drug in the empirical antibiotic ther-
apy in these researches, rather than just considering

a single drug. In addition, studies have shown that

fluoroquinolone-resistant P. aeruginosa harms the prog-
nosis of patients,>* but our study found that the appropriate
rate of fluoroquinolone empirical use of patients with
Pseudomonas aeruginosa is only 52.17%, although it is
than that with F.

K. pneumoniae.

higher of patients coli and

The Impact of Breakpoint Revision on the
Empirical Use of FQs

Empiric antibiotic therapy should sufficiently cover all the
suspected pathogens, and be guided by the bacteriologic
susceptibilities of the medical center.'” Previous studies
have analyzed the significant changes in the susceptibility
rates of bacteria to antibiotics after the breakpoint
changes,*** but few studies have analyzed the impact of
changes in antimicrobial resistance on the empirical use of
antibiotics caused by the breakpoint revisions. Our results
found that in the second period, the revision of the break-
point led to a significant decrease in FQs-susceptible iso-
lates and a significant increase in FQs-resistant isolates. At
the same time, the empirical use rate of FQs increased
significantly in the second period, resulting in a significant
decrease in the appropriate rate of FQs empirical use. This
may be because although the susceptibility of bacteria to
antibiotics has changed significantly after the breakpoint
changed, the clinicians’ empirical therapy habits and meth-
ods have not adjusted accordingly, resulting in the empiri-
cal therapy that should have been evaluated as appropriate
was evaluated as inappropriate after the breakpoint
revised. And the reason why the doctor’s empirical therapy
did not adjust in time with the change in the susceptibility
of bacteria to antibiotics may be that the clinicians are not
informed about this CLSI revised breakpoints and the
change in the susceptibility rate in bacteria after applying
them, they were unaware of the changes in local antimi-
crobial resistance epidemiology, which may aggravate the
fluoroquinolone resistance. It may also be that clinicians
were confused about the changes in the breakpoint and
chose not to change their therapy because some research-
ers have made relevant explanations that the revised break-
points can prove challenging for laboratories to implement
and can be confusing for clinicians to interpret.*® It is
indicated that we need to strengthen the communication
between the microbiology laboratory and the clinicians,
and take actions that can improve the empirical antibiotic
prescription such as a periodical reports of local resistance
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data, education, and training of clinicians, leaflets elabora-
tion and distribution, etc.

Factors Affecting the Empirical Use of
FQs

The results indicated that the breakpoint revision can sig-
nificantly affect the empirical use of FQs in patients
infected with E. coli, K. pneumoniae, or P. aeruginosa,
the main reason may be that in the second period, the
revision of breakpoint leads to a significant change in the
susceptibility of the bacteria to the antibiotics, which has
been discussed above. Moreover, many studies have
proved that the consumption of antibiotics demonstrated
a significant positive correlation with antimicrobial resis-
tance. Results of 10 published case-control studies of risk
for  fluoroquinolone  resistance in isolates  of
Enterobacteriaceae were pooled by using a random-
effects model, it found that exposure to FQs was signifi-
cantly positively associated with fluoroquinolone resis-
(OR=3.17)
fluoroquinolone susceptibility (OR=0.18).” A study on

tance and negatively associated with
the relationship between fluoroquinolone usage and resis-
tance in Escherichia coli found the same result.*®

The patient’s age and the department are also factors
affecting the empirical use of FQs. The older the patient,
the more likely it is to be empirically used FQs; Compared
with “other” departments, internal medicine patients are
more likely to be used empirically, while surgical patients
are less likely to be used. Effective empirical treatment
should be based on the discovery of patients who are at
risk of antibiotic resistance,’” and the age and department
of the patient are important risk factors for antibiotic
resistance.***> The relevant guidelines point out that
most of the clinical applications of FQs are safe, but the
safety and effectiveness in minors have not been estab-
lished and should be avoided to use as much as possible,
elderly patients should be prescribed according to the renal
function.** Different departments reflect the different dis-
ease conditions of the patients. Doctors need to understand
the adverse reactions of FQs to patients with different
diseases and prescribe after weighing the risks. For exam-
ple, FQs can lead to prolonged QTc, patients with cardio-
vascular diseases should be prescribed carefully; FQs can
also increase the risk of tendon injury, especially in
patients over 60 years old, using glucocorticoids, and
receiving heart, lung, or kidney transplants.**

Factors Affecting the Appropriate

Empirical Use of FQs

The pathogenic bacteria and Patients infected by MDROs
or not can affect the appropriateness of the empirical use
of FQs, which may be because that when the results of
bacterial culture and antimicrobial susceptibility are not
reported, doctors often predict the possible pathogens
based on the patient’s infection site and other situations
to prescribe antibiotic empirically.*> Therefore, whether
the bacteria detected by antimicrobial culture is consistent
with the doctor’s prediction will affect the appropriateness
of the empirical therapy. And then, if the pathogen is an
MDRO, more bacteria-resistant antibiotics will be reported
in the AST results than those non-multi-drug-resistant
microorganisms, so that the appropriateness of empirical
use of antibiotics will be lower as our standard for evalu-
ating the appropriateness is the result of the AST.

Other factors which can affect the appropriateness of
the empirical use of FQs included the LOS before empiri-
cal therapy and department. Studies have shown that inap-
propriate empirical therapy is associated with higher
morbidity  of  healthcare-related  infections  and
mortality.***” Patients who were admitted to surgical
departments and with a longer LOS have a more compli-
cated diseases and more trauma than those in other depart-
ments, which will not only increase the infection
morbidity but also the mortality.***° Some researchers
suggested that doctors should consider empirical combina-
tion therapy to improve the appropriateness of treatment
for patients with longer LOS and severe infections.**

Our study has some limitations. First, this study was
conducted in a single tertiary hospital, and there are
restrictions on the types of drugs and bacteria because of
the range of breakpoint revision, the empirical use rate in
this study was limited among patients infected with
E. coli, K. pneumoniae, or P. aeruginosa, so the results
can only be applied to patients in settings with similar
local susceptibilities rate for those microorganisms, and
our next step is to verify the results in a future multicenter
study. Despite this, the low appropriate rate of the empiri-
cal use in this study still reflected the inadequacy in
medication of clinicians. Second, although the changes in
empirical therapy are statistically significant, the consump-
tion of certain antibiotic drugs may not be directly corre-
lated with antimicrobial resistance, the relationship with
the breakpoint revision may also be affected by other
factors. In addition, we did not analyze the association
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between the appropriateness of therapy and clinical out-
come in patients, however, previous studies have shown
that inappropriate empiric therapy increases the risk of
poor prognosis, this will be the content of our further
researches. Finally, we did not consider the influence of
doctor’s characteristics on the appropriateness of empirical
therapy as relevant data were not available.

Conclusion

In conclusion, our research is to find evidence to promote
the rational use of antibacterial drugs from the perspective
of the laboratory. The role of microbiology laboratories in
antimicrobial stewardship is increasingly emphasized, but
clinical-based evidence is less. We found that the change
of breakpoint guideline is only understood by the labor-
atorians but not by the clinicians, and there is a lack of
communication between the microbiology laboratory and
the clinicians. It is necessary to take interventions such as
periodical reports of local resistance data, education, and
training of clinicians to strengthen the collaboration
between microbiology laboratories and clinicians and
play the important role of laboratories in antimicrobial
stewardship to help facilitate the appropriate use of anti-
microbials and slow down the AMR.
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