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Abstract

Background: Infection is a major complication for patients with haematological malignancies. It is important to
better understand the use of antimicrobial agents and antibiotic resistance for appropriate treatment and preven-
tion of drug resistance. However, very few multi-centre analyses have focused on the use of antimicrobial agents and
antibiotic resistance have been carried out in Japan. This study aimed to describe the characteristics of the use of
antimicrobial agents and antibiotic resistance in patients with haematological malignancies.

Methods: We conducted a cross-sectional study using administrative claims data and antimicrobial susceptibility
data in Japan. We included patients diagnosed with haematological malignancies, who were hospitalized in a haema-
tology ward between 1 April 2015 and 30 September 2017 in 37 hospitals. Descriptive statistics were used to summa-
rize patient characteristics, antimicrobial utilization, bacterial infections, and antibiotic resistance.

Results: In total, 8064 patients were included. Non-Hodgkin lymphoma (50.0%) was the most common malignancy.
The broad-spectrum antibiotics displayed a following antimicrobial use density (AUD): cefepime (156.7), carbapen-
ems (104.8), and piperacillin/tazobactam (28.4). In particular, patients with lymphoid leukaemia, myeloid leukaemia,
or myelodysplastic syndromes presented a higher AUD than those with Hodgkin lymphoma, non-Hodgkin lym-
phoma, or multiple myeloma. The most frequent bacterial species in our study cohort was Escherichia coli (9.4%), and
this trend was also observed in blood specimens. Fluoroquinolone-resistant £. coli (3.6%) was the most frequently
observed antibiotic-resistant strain, while other antibiotic-resistant strains were rare.

Conclusions: Broad-spectrum antibiotics were common in patients with haematological malignancies in Japan;
however, antibiotic-resistant bacteria including carbapenem-resistant or multidrug-resistant bacteria were infrequent.
Our results provide nationwide, cross-sectional insight into the use of antimicrobial agents, prevalence of bacteria,
and antibiotic resistance, demonstrating differences in antimicrobial utilization among different haematological
diseases.
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Organization, a National Action Plan on Antimicro-
bial Resistance was adopted in 2016 in Japan [1]. AMR
is associated with a high mortality rate and increases
both healthcare resource utilization and medical costs
[2]. The incidence of gram-negative bacterial infections
has increased among cancer patients [3-5]. Further-
more, some studies have reported the emergence of
broad-spectrum antibiotic-resistant bacteria, including
multidrug-resistant Pseudomonas aeruginosa (MDRP)
and Acinetobacter spp. (MDRA), carbapenem-resistant
Enterobacteriaceae (CRE) and P aeruginosa (CRP),
third-generation cephalosporin-resistant Escherichia
coli and Klebsiella pneumonia, and methicillin-resist-
ant Staphylococcus aureus (MRSA) [6-9].

These antibiotic-resistant strains have become a sig-
nificant threat to cancer patients [9-12]. In particular,
infections are a major complication for patients with
haematological malignancies because they exhibit cer-
tain risk factors for infection, such as malignancies
itself, chemotherapy, neutropenia, and hematopoi-
etic stem cell transplantation. Therefore, broad-spec-
trum antibiotics and antimicrobial prophylaxis for
patients with a high risk of febrile neutropenia should
be administered in accordance with specific guidelines
(e.g. advanced age, patients with lymphoma, multiple
myeloma, chronic lymphocytic leukaemia, acute leu-
kaemia, or neutropenia) [13, 14]. The characteristics
of AMR and antimicrobial consumption differ among
countries, regions, and patient groups [15-18]. In
Japan, ceftriaxone has been the major antibiotic admin-
istered parenterally, followed by cefazolin, ampicillin/
sulbactam, meropenem, piperacillin/tazobactam, etc.
while clarithromycin has been the major antibiotic
administered orally, followed by cefcapene, levofloxa-
cin, cefditren, amoxicillin, etc. [19, 20]. And MRSA has
been the most prevalent AMR bacteria since 2008 [17].

However, a previous study on the use of antibiotics
in Japan reported an increase in the antimicrobial use
density (AUD) in haematology wards and low antimi-
crobial susceptibility in comparison with all other hos-
pital departments [21]. Other studies have reported
that an increase in the use of antibiotics increases the
frequency of occurrence of AMR [22, 23].

To prevent and minimize AMR and to recommend
appropriate antibiotics, it is first important to under-
stand the use of antibiotics and infections in patients
with haematological malignancies. However, few multi-
centre studies on this issue have been conducted in
Japan, as most studies have been conducted at a sin-
gle centre. Therefore, this study aimed to describe the
characteristics of antimicrobial utilization and anti-
microbial resistance for patients with haematological
malignancies.
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Methods

Study design and setting

We conducted a cross-sectional study using administra-
tive claims data, discharge summary data, and antimicro-
bial susceptibility test data among 37 acute-care hospitals
in Japan. In total, 145 hospitals agreed to provide and
analyse the data, and 37 hospitals were confirmed to
have an existing haematology ward from inpatient data.
These 37 hospitals had capacities of <200 beds (1 hos-
pital), 200-399 beds (12 hospitals), and >400 beds (24
hospitals). The administrative claims data and discharge
summary data were based on the diagnostic procedure
combination/per-diem payment system (DPC/PDPS)
[24]. The DPC data included patient information regard-
ing baseline characteristics (e.g. age, sex, disease, and
the International Classification of Disease 10th revision
[ICD-10] code) and medical procedures (e.g. prescrip-
tion, surgery, examination, procedure, their codes, and
cost) between April 1, 2015 and September 30, 2017. To
analyse bacterial and antimicrobial susceptibility, we also
used the results of susceptibility tests based on the Japan
Nosocomial Infections Surveillance (JANIS) programme
conducted by the Ministry of Health, Labour and Wel-
fare on the prevalence of antibiotic-resistant bacteria,
using data from multiple hospitals [17, 25]. The JANIS
data provided information regarding patient demograph-
ics, specimen reception date, specimen sources, types of
bacteria, and susceptibility tests results. The data encom-
passed both outpatients’ and inpatients’ records.

Patients admitted to a haematology ward after April
1, 2015 and diagnosed with at least one haematological
malignancy were included herein. Patients with haema-
tological malignancies were classified as ICD-10 of C81
(Hodgkin lymphoma), C82-C85 and C96 (Non-Hodgkin
lymphoma), C90 (multiple myeloma), C91 (lymphoid
leukaemia), C92-C94 (myeloid leukaemia), or D46 (myel-
odysplastic syndromes). Among the patients with several
haematological malignancies, we selected the diagnosis
most closely associated with treatment. When patients
were admitted and diagnosed with a haematological
malignancy in a haematology ward, we defined the date
of admission as the date of indexing. Patients were fol-
lowed-up from the date of indexing to the date of last dis-
charge; therefore, all patients hospitalized several times
were pooled together. Patients without records of hospi-
talization, procedures, drugs, or surgery were excluded,
although such patients were diagnosed with a haemato-
logical malignancy in a haematology ward.

To analyse administrative and antibiotic susceptibil-
ity data, we used a third-step deterministic linkage pro-
cess to link DPC and JANIS data. Each linkage step was
conducted for data from each hospital. First, we matched
two databases on the basis of individual patients, using
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information regarding the year of birth, month of birth,
sex, specimen reception date, and specimen sources.
Patients with numerous records of the specimen recep-
tion date had higher chances of linkage than those with
one record. Therefore, if patients in the DPC database
simultaneously linked with multiple patients in the JANIS
database, we considered the most frequently observed
linkage pairs as matched patient pairs. In the second
step, we selected patients who could not be matched in
the first step and then re-linked those patients with the
year of birth, month of birth, sex, specimen reception
date£1 day, and specimen sources. In third step, we
included two more variables of departments and the date
of receipt of specimens from inpatients or outpatients. In
addition, we manually reviewed multiple linked patient
pairs in third step to determine which pairs were better
matched in accordance with the department and periods
of hospitalization.

Variables and outcomes definitions

Comorbidity was assessed in accordance with the Charl-
son comorbidity index (CCI) [26]. The follow-up period
was defined as the duration from the index date to the
date of last discharge that we could confirm. Febrile
neutropenia was identified on the basis of the disease.
Granulocyte-colony stimulating factor (G-CSF) admin-
istration was defined as the administration of filgrastim,
pegfilgrastim, lenograstim, or nartograstim. We accu-
mulated data on chemotherapy conducted during hos-
pitalization. Central venous catheters, urinary catheters,
isolation rooms, and hematopoietic stem cell transplan-
tation (HSCT) were defined by their codes (Additional
file 1: Table S1). We assessed antimicrobial utilization
(parenteral) and levofloxacin (oral) during hospitalization
on the basis of the antimicrobial use density (AUD). To
calculate the AUD, we used a defined daily dose (DDD)
in accordance with the anatomical therapeutic chemi-
cal (ATC) classification system of the WHO (2015 ver-
sion). In the absence of a DDD in the ATC/DDD system,
we used the Japanese DDD defined by the AMR clinical
reference centre [27]. We expressed the AUD as DDDs
per 1000 patient-days. We calculated the prevalence of
bacteria, MDRP, MDRA, CRE, CRP, third-generation
cephalosporin-resistant E. coli, third-generation ceph-
alosporin-resistant K. pneumoniae, fluoroquinolone-
resistant E. coli, and MRSA during the study period in
our cohort. All submitted specimens were assessed to
determine the prevalence of bacteria and antimicrobial
resistance by the type of specimens (blood, respiratory,
urine, and any). These values were calculated from the
number of patients with specific bacteria from each spec-
imen as the numerator, and the number of patients in our
cohort as the denominator. If the same bacterial species
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was detected in a patient at different timepoints, we con-
sidered only one case. JANIS determined antimicrobial
susceptibilities in accordance with the Clinical and Lab-
oratory Standards Institute 2012 guidelines. The defini-
tion of antimicrobial-resistant bacteria and the minimum
inhibitory concentration values by broth microdilution
method based on the JANIS definition are presented in
Additional file 2: Table S2 [17].

Statistical analysis

We used descriptive statistics to summarize patient char-
acteristics (sex, age, underlying disease, CCI, follow-up
period, total length of stay [LOS], LOS at one hospitaliza-
tion, chemotherapy, febrile neutropenia, G-CSF, central
venous catheter, urinary catheter, hematopoietic stem
cell transplant [allogeneic and autologous], and in-hospi-
tal mortality), parental antimicrobial and oral fluoroqui-
nolone utilization stratified by class, period of prevalence
of bacteria (from all specimens and blood, respiratory,
urine, and stool specimens), and detection of antibiotic-
resistant bacteria. We presented continuous variables as
median values (quantile range; Q1-Q3) and categorical
variables as numbers and percentages (%). All data were
analysed using SAS, version 9.4 software (SAS Institute,
Inc., Cary, NC, USA).

Results

The number of patients who discharged from 37 hospi-
tals was 712,335, and we identified 8064 patients who
met our inclusion criteria between April 1, 2015 and
August 31, 2017. The number of patients at each hos-
pital (median, Q1-Q3) was 204.5 (112-307). Only 2
patients were excluded from this study because of a lack
of records. Males constituted 56.8% of the patient popu-
lation and the median age (Q1-Q3) was 70 (61-78) years
(Table 1). Patients aged 75 years or older constituted the
majority (36.2%) and those aged 65—74 years constituted
31.1% of the patient population. Approximately half of
the patients were diagnosed with non-Hodgkin lym-
phoma (50.0%), followed by myeloid leukaemia (15.2%),
multiple myeloma (14.3%), myelodysplastic syndromes
(11.3%), lymphoid leukaemia (6.8%), and Hodgkin lym-
phoma (2.5%). The follow-up duration (median) was
97 days and the total LOS (median) was 50 days. Chem-
otherapy was administered to 81.1% of patients and the
frequency of patients diagnosed with febrile neutrope-
nia was 13.6%. A central venous catheter (38.1%) was
used more frequently than a urinary catheter (26.2%). In
total, 2352 (29.2%) of patients were placed in an isolation
room. Allogeneic and autologous HSCT was conducted
for 5.0% and 3.7% of patients, respectively. In-hospital
mortality among all patients was 21.8%, whereas patients
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Table 1 Characteristics of patients with haematological
malignancies

Characteristics Patients (n=8064)

Sex, n (%)

Male 4578 (56.8)
Female 3486 (43.2)
Age, years, median (Q1-Q3) 70 (61-78)

<17 years 17 (0.2)
18-64 years 2624 (32.5)
65-74 years 2504 (31.0)
>75 years 2919 (36.2)
Underlying disease, n (%)
Hodgkin lymphoma 199 (2.5)
non-Hodgkin lymphoma 4028 (50.0)
Multiple myeloma 1153 (14.3)
Lymphoid leukaemia 551 (6.8)
Myeloid leukaemia 1224 (15.2)
Myelodysplastic syndromes 909 (11.3)
CCl, n (%)
<2 6394 (79.3)
3-5 1392 (17.3)
>5 278 (34)
Follow-up duration, days, median (Q1-Q3) (26 227)
Total LOS, days, median (Q1-Q3) 0(22-107)
LOS at one hospitalization, days, median (Q1-Q3) (1 0-30)
Chemotherapy, n (%) 6542 (81.1)
Febrile neutropenia, n (%) 1100 (13.6)
G-CSF, n (%) 4039 (50.1)
Central venous catheter, n (%) 3072 (38.1)
Urinary catheter, n (%) 2109 (26.2)
HSCT, n (%)
Allogeneic 407 (5.0)
Autologous 301 (3.7)
[solation room, n (%) 2352 (29.2)
In-hospital mortality, n (%) 1761 (21.8)

CCl Charlson comorbidity index, LOS length of stay, G-CSF Granulocyte-colony
stimulating factor, HSCT haematopoietic stem cell transportation

with myelodysplastic syndromes displayed 35.1% in-hos-
pital mortality (Additional file 3: Table S3).

Utilization of broad-spectrum antibiotics displayed the
following AUD: cefepime (156.7), carbapenems (104.8), and
piperacillin/tazobactam (28.4) (Fig. 1). Glycopeptides (48.0)
also presented a high AUD, whereas third-generation ceph-
alosporins, quinolones, penicillins, first/second-generation
cephalosporins, and others presented AUD values of 16.8,
8.8, 7.5, 4.0, and 22.3, respectively. Furthermore, the AUD
of oral levofloxacin was 101.5. Antimicrobial utilization
stratified by underlying disease revealed that patients with
lymphoid leukaemia, myeloid leukaemia, and myelodys-
plastic syndromes had a higher AUD than those with other
underlying diseases (Additional file 4: Table S4).
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The total number of patients submitting any type of
specimen was 4963 (61.5%) in the DPC database. In
first step of deterministic linkage analysis, 4649 (93.6%)
of patients matched DPC data with JANIS data; in the
second step, 232 (5.3%) patients matched and in the
third step, 8 (0.9%) patients matched. The 8 matched
patients’ pairs were determined by manual review. In
total, 4889 (98.5%) patients were linked through link-
age steps. Escherichia coli (9.4%) was the most fre-
quently observed bacterium, followed by Klebsiella
spp- (5.6%), P aeruginosa (3.5%), S. aureus (3.3%),
Enterobacter spp. (2.7%), Citrobacter spp. (2.1%), Aci-
netobacter spp. (1.1%), Proteus spp. (0.7%), and Ser-
ratia marcescens (0.5%) in any specimens. Although
only a few blood specimens were positive, the positive
results displayed a similar trend (Table 2 and Addi-
tional file 5: Table S5). Fluoroquinolone-resistant
E. coli was the most frequently detected antibiotic-
resistant bacterium and was detected in 291 (3.6%)
patients. MRSA and third-generation cephalosporin-
resistant E. coli were detected in 210 (2.6%) and 167
(2.1%) patients, respectively. Overall, the proportion of
antibiotic-resistant bacteria was lower and multidrug-
resistant bacteria were rarely observed in our patient
cohort (Table 3 and Additional file 6: Table S6).

Discussion
This multi-centre cross-sectional study was performed
to describe the characteristics of antimicrobial utiliza-
tion and infections caused by specific bacteria and antibi-
otic-resistant bacteria and reported high AUD values for
cefepime and carbapenems. In particular, patients with
lymphoid leukaemia, myeloid leukaemia, and myelodys-
plastic syndromes reported greater antimicrobial utiliza-
tion than those with Hodgkin lymphoma, non-Hodgkin
lymphoma, and multiple myeloma. More generalizable
results were obtained for antimicrobial utilization and
antibiotic resistance in comparison with previous studies.
Broad-spectrum antimicrobial agents targeting P. aer-
uginosa, such as cefepime, carbapenems, and piperacillin/
tazobactam, are often used among patients with haema-
tological malignancies. The results might imply that those
antimicrobial agents were used to cover also gram posi-
tive bacteria. Carbapenems and [-lactam/p-lactamase
inhibitor combinations have been used more frequently
in countries other than Japan [28, 29]. However, com-
pared with previous studies, the use of cefepime was
markedly high, presenting as a clear difference. Previous
studies regarding the use of antibiotics in Japan reported
that combinations of penicillin, including p-lactamase
inhibitors were used frequently, followed by third-gen-
eration cephalosporins [19, 20, 30]. However, the present
results show that more broad-spectrum antibiotics were
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Fig. 1 Comparison of antimicrobial use density among underlying diseases. AUD antimicrobial use density, HL Hodgkin lymphoma, NHL
non-Hodgkin lymphoma, MM multiple myeloma, LL lymphoid leukaemia, ML myeloid leukaemia, MDS myelodysplastic syndromes

Table 2 Detection of bacteria from each specimen

Patient (n =8064)

Blood (n=4391) Respiratory (n =2000) Urine (n=1664) Any? (n =4889)
E. coli 192 (2.4) 78(1.0) 224(2.8) 754 (94)
P aeruginosa 73(0.9) 128 (1.6) 47 (0.6) 282 (3.5)
Klebsiella spp. 97 (1.2) 105(1.3) 84(1.0) 455 (5.6)
Enterobacter spp. 48 (0.6) 74(0.9) 26(0.3) 219 (2.7)
Citrobacter spp. 9(0.1) 11(0.1) 36 (0.4) 167 (2.1)
Serratia marcescens 9(0.1) 21(03) 4(0.0) 38(0.5)
Proteus spp. 5(0.1) 3(0.0) 25(0.3) 58(0.7)
Acinetobacter spp. 20(0.2) 62 (0.8) 1(0.0) 90 (1.1)
S. aureus 60 (0.7) 181(2.2) 18(0.2) 270 (3.3)

2 Any include all type of specimens (blood, respiratory, urine, stool, cerebrospinal fluid, and others)

Table 3 Detection of antibiotic-resistant bacteria from each specimen

Patient (n =8064)

Blood (n=4391) Respiratory Urine (n=1664) Any? (n =4889)
(n=2000)
Multidrug-resistant P aeruginosa 0(0.0) 1(0.0) 1(0.0) 2 (0.0)
Multidrug-resistant Acinetobacter spp. 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Carbapenem-resistant Enterobacteriaceae 3(0.0) 2 (0.0 4 (0.0) 15(0.2)
Carbapenem-resistant P. aeruginosa 13(0.2) 23(0.3) 9(0.1) 45 (0.6)
Third-generation cephalosporin-resistant K. pneumoniae 10(0.1) 9(0.1) 15(0.2) 42 (0.5)
Third-generation cephalosporin-resistant E. coli 51(0.6) 29(0.4) 61(0.8) 167 (2.1)
Fluoroguinolone-resistant E. coli 104 (1.3) 40 (0.5) 112 (14) 291 (3.6)
Methicillin-resistant S. aureus 45 (0.6) 141(1.7) 16 (0.2) 210 (2.6)

2 Any include all type of specimens (blood, respiratory, urine, stool, cerebrospinal fluid, and others)
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used for specific populations. These results are similar to
those of a previous single-centre study regarding antimi-
crobial utilization in haematology wards in Japan [21, 31].
This similarity is potentially attributed to the inclusion
of most patients in this study, who were at intermediate
or high risk of infection because of an underlying disease
and chemotherapy [13]. Furthermore, we assessed dif-
ferences in antimicrobial utilization on the basis of the
underlying diseases among haematological malignancies,
using multi-centre data. Consequently, the risk of febrile
neutropenia including lymphoid leukaemia, myeloid leu-
kaemia, and myelodysplastic syndromes increases, thus
resulting in a high AUD [14]. Furthermore, glycopep-
tides displayed a high AUD. According to this results and
JANIS data, MRSA was the most common antibiotic-
resistant bacterium in Japan [17, 25], suggesting the pos-
sibility that numerous patients have MRSA infections or
that anti-MRSA agents might be administered to prevent
these infections as empirical therapy. Therefore, further
studies are required to investigate associations between
the use of anti-MRSA agents and MRSA infections.

MDRA and CRE was rarely detected in this study. A
previous study reported the AMR prevalence using data
from the JANIS database and infections with multid-
rug-resistant P aeruginosa (0.07%), multidrug-resistant
Acinetobacter spp. (0.01%), carbapenem-resistant Enter-
obacteriaceae (0.36%), carbapenem-resistant P aerugi-
nosa (0.84%), third-generation cephalosporin-resistant
K. pneumonia (0.32%), third-generation cephalosporin
resistant E. coli (1.99%), and fluoroquinolone-resistant
E. coli (3.70%) among patients submitting specimens in
2015 [17, 25]. We could not compare each result directly
because the calculation methods were slightly different
among studies; however, antibiotic-resistant bacteria
in the population of patient submitting specimens were
more numerous in the present study population than in
previous studies.

Fluoroquinolone-resistant E. coli was most frequently
detected, though the AUD of quinolones (parenteral) was
not markedly greater than that of others. Meanwhile, the
AUD of levofloxacin (oral) was 104.0 in the total popu-
lation. These findings imply that quinolone-resistant
bacteria were affected via oral administration of fluoro-
quinolone as antibacterial prophylaxis (FQ) or commu-
nity treatment. FQ reduced bloodstream infections and
febrile neutropenia in patients with neutropenia; how-
ever, some studies reported that FQ increases antibiotic
resistance [3, 32]. The Japan Adult Leukaemia Study
Group (JALSG) reported that FQ (64.0%) was admin-
istered as prophylaxis by clinicians who were members
of the JALSG [33]. If fluoroquinolone-resistant bacteria
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emerge, the effectiveness of FQ and its application should
be reconsidered. Furthermore, third-generation cepha-
losporin-resistant E. coli were more frequent than other
antibiotic-resistant bacteria. This finding may be related
to the many patients who were prescribed oral third-
generation cephalosporin compared with those in other
countries, in an outpatient setting [19, 20, 30, 34].

Overall, the occurrence AMR was not high probably
because of the effectiveness of antibiotics, intervention
by infection control teams, use of cleanrooms, and stand-
ard precautions. Herein, we simply focused on the use of
antibiotics and prevalence of bacterial infections; hence,
we did not consider such factors or the chronological
order between antimicrobial utilization and emergence of
antibiotic-resistant bacteria.

This study had several limitations. First, this study
included specific acute-care hospitals that agreed to pro-
vide their DPC and JANIS data. Therefore, our results
may not represent all patients with haematological malig-
nancies. This may have led to a selection bias among
patients and data regarding better-controlled infections
in these hospitals rather than in average hospitals could
be included. Second, we could not identify contamination,
colonization, and source of infection. And we could not
also distinguish surveillance culture. Therefore, our data
may not reflect clinical infections; however, gram-negative
bacteria isolated from blood cultures may be considered
true-positive systemic infections in comparison with gram-
positive bacteria [35]. Third, we linked DPC data to JANIS
data using the deterministic linkage method that we had
validated using DPC and JANIS datasets with common
identification [36]. Although we obtained a high match-
ing proportion, we could not eliminate the possibility of
false-matched cases. However, to reduce false matches, we
performed deterministic linkage analysis using 5 variables
(hospitals, year of birth, month of birth, sex, specimen
reception date, and specimen sources) and manual review.
Furthermore, each hospital was used as blocking; hence,
there was no probability of mismatching of inter-hospital
data. And to avoid overestimation of the prevalence, we
calculated it based on patients with haematological malig-
nancies, not patient submitting specimens, because we
considered that patients with false-negative linkage were
more likely to have few specimens’ submission.

Fourth, we did not distinguish that the use of antimi-
crobial agents was definitive or empirical therapy and
elaborate on how to use of antimicrobial agents, because
we focused on the antimicrobial use density and preva-
lence of AMR. Therefore, we could not have clearly
conclusion of appropriate antimicrobial use or the asso-
ciation between antimicrobial use and AMR.
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Conclusion

The present results provide nationwide, cross-sec-
tional insight into the characteristics of antimicrobial
utilization, bacterial infections, and antibiotic resist-
ance using multi-centre administrative data and anti-
microbial susceptibility data in Japan. Broad-spectrum
antimicrobial agents were commonly used, although
multidrug-resistant bacteria were not observed. How-
ever, fluoroquinolone-resistant E. coli and third-genera-
tion antibiotic-resistant E. coli were frequently observed
in comparison with other antibiotic-resistant strains.
Moreover, our results show a difference in antimicro-
bial utilization among underlying diseases. Further stud-
ies are required to analyse the risk factors and effects of
emerging antimicrobial-resistant bacteria.
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