Table 3. MIC and amino acid substitutions in the QRDRs of O1-ST9S5 strains and O25b-ST1

MIC of CIP
Strains ID No. of passages
passag (ng/mL)
) 01-0 PO 0.012
Parent strain
0O1-14 P14 0.25
O1-ST95 O1T-0 PO 0.25
Transformant O1T-15 P15
O1T-17 P17
025-0 PO
Parent strain
025-4 P4
025b-ST131 025T-0
Transformant 025T-13 P 4
025T-17 24

S80R

wt, wild type; S83L, amino acid substitution of Ser
S80R, amino acid substitution of Serine to Argini

cine at position 83;

sition 80.
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Fig. 1. (B)

Viable bacterial count (Log,, CFU/mL)
9]

—&— No.3 O1-qnrA
—&— No.155 O6-qnrA
—0— No0.92 O18-gnrA
—i— No.23 O25b-gqnrA
—O0— No.27 O74-qnrA
—{1— No.189 O78-qnrA

---A---No.16 O1-qnrA
---¢---No0.252 06-qnrA
---@--No0.286 O18-qnrA
--4---No.41 O25b-qnrA
---0---N0.205 O74-qnrA
--{1---No.485 O78-qnrA

o B

H H

H

LA W B )

10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time (h)

38 40 42 44

46 48

—255—



Viable bacterial count (Log,, CFU/mL)

—A— No.3 Ol-qnrA
—&— No.155 O6-qnrA
~—@— No0.92 018-qnrA
—— No.23 O25b-qnrA
—0—No.27 074-qnrA
—{3— No.189 O78-qnrA

---No.16 Ol-gnrA
--N0.252 O6-qnrA
--No.286 O18-qnrA
--No.41 O25b-qnrA
--N0.205 O74-qnrA
--No0.485 O78-qnrA

{1

4 6 8 10 12 14 20 22 24 26 28 30

T ¥ T 7

34 36 38

40 42 44 46 48

—256—



Fig. 3.

100 - - 100
——025b-ST131
-8~ 025b-ST131 qnrA
~-O-01-ST95
—A-01-ST95 qnrA
10 10
)
E
on
3
oy
[=]
8
onna
=
0.1 - - 0.1
0.01 0.01

9 10 11 12 13 14 15 16 17 18 19 20
No. of passages

—257—



JCM

Shiorg

Journgis.

Molecular Epidemiological Characteristics of Klebsiella pneumoniae
Associated with Bacteremia among Patients with Pneumonia
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Some important virulence factors have been elucidated in Klebsiella pneumoniae infections. We investigated the relationship
between virulence factors and multilocus sequence types (STs) and assessed the risk factors for bacteremia in patients with pneu-
monia due to K. pneumoniae. From April 2004 through April 2012, a total of 120 K. pneumoniae isolates from patients with
pneumonia (23 with bacteremia and 97 without bacteremia) were collected from 10 medical institutions in Japan. Additionally,
10 strains of K. pneumoniae serotype K2 that were isolated >30 years ago were included in this study. These isolates were char-
acterized using multilocus sequence typing (MLST), and the characteristics of their virulence factors, such as hypermucoviscos-
ity phenotype and RmpA and aerobactin production between patients with and without bacteremia, were examined. MLST anal-
ysis was performed on the 120 isolates from patients with pneumonia, and some sequence type groups were defined as genetic
lineages (GLs). GL65 was more prevalent among patients with bacteremia (21.7%) than in those without bacteremia (7.2%). The
majority of the strains with serotype K2 were classified into GL14 or GL65, and rmpA and the gene for aerobactin were present in
all GL65-K2 strains but absent in all GL14-K2 strains. In a multivariate analysis, the independent risk factors for bacteremia in-
cluded GL65 (adjusted odds ratio [AOR}, 9.46; 95% confidence interval [CI], 1.81 to 49.31), as well as neoplastic disease (AOR,
9.94; 95% CI, 2.61 to 37.92), immunosuppression (AOR, 17.85; 95% CI, 1.49 to 214.17), and hypoalbuminemia (AOR, 4.76; 95%
CI, 1.29 to 17.61). GL65 was more prevalent among patients with bacteremia and was associated with the virulence factors of K.

pneumoniae.

Kebsiella preumoniae is a member of the family Enterobacteri-
aceae and is one of the most common pathogens causing
pneumonia, abscess, bacteremia, and urinary tract infections
(1,2).

Over several decades, some virulence factors of K. prneumoniae,
including a capsular serotype, the presence of mucoviscosity-as-
sociated gene A (magA), and a regulator of mucoid phenotype A
(rmpA) gene, have been identified. The strains of serotypes K1 and
K2 were found to be virulent in a mouse model (3), and the magA
and rmpA genes were found to be associated with hypermucovis-
cosity (HV), which has an antiphagocytic effect against macro-
phages and neutrophils (4-6).

Clinically, K. preumoniae was identified as an independent risk
factor for mortality in severe community-acquired pneumonia
(7). Some studies assessed the relationship between clinical find-
ings and microbiological factors, such as capsular serotype and the
presence or absence of rmpA and magA. The site of infections in
these studies was mostly intra-abdominal, especially as a liver ab-
scess (5, 8). Few studies have focused on respiratory tract infec-
tions and investigated the relationship between clinical findings
and microbiological factors, including genetic characteristics
(9, 10).

It is well-known that multilocus sequence typing (MLST), a
nucleotide sequence-based genotyping method, is used to charac-
terize genetic relationships among bacterial isolates and to iden-
tify and track the global spread of drug-resistant strains (11, 12).
In order to predict and evaluate bacterial pathogenicity, it is im-
portant to first determine the genetic background of the bacteria
causing severe infections. Recently, using MLST, some studies in-
vestigated the relationship between the pathogenicity of microbes
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and the specific multilocus sequence types (STs) in Escherichia coli
and Streptococcus pneumoniae (13, 14). However, research on this
relationship among K. pneumoniae infections is limited (15). Sev-
eral studies have suggested that bacteremia is a major risk factor
for death in patients with community-acquired pneumonia
(CAP) (16, 17). However, it is still unknown which microbiolog-
ical factors are involved in the onset of bacteremia in patients with
pneumonia due to K. pneumoniae.

In the present study, we investigated the microbiological char-
acteristics and MLST profiles of K. pneumoniae strains isolated
from patients with and without bacteremic pneumonia, in addi-
tion to their clinical findings. The objective of the present study
was to clarify the relationships between the characteristics of vir-
ulence factors and MLST profiles so as to elucidate the risk factors
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for bacteremia among patients with pneumonia due to K. pneu-
moniae.

MATERIALS AND METHODS

Study population and designs. An observational study with clinical, mi-
crobiological,and MLST data was conducted. Prospectively collected data
from patients with a diagnosis of pneumonia admitted to 10 medical
institutions in Japan from 15 March 2010 to 22 December 2010 were
included in this study (18). In addition, consecutive patients with positive
blood cultures for K. pneumoniae who were admitted to Nagoya Univer-
sity Hospital, a 1,000-bed tertiary care university hospital, between 11
April 2004 and 18 April 2012 were also included in cases meeting the
inclusion criteria of pneumonia as defined previously (18). This was to
consider whether or not genetic changes, such as evolutional mutations in
bacterial chromosomes and amino acid substitutions, occurred with the
lapse of time. This study was approved by the institutional review boards
of the participating institutions.

The details regarding data collection, inclusion criteria, exclusion cri-
teria, and definitions of comorbidities and patient status are as described
previously (18). In summary, all adult patients (age =20 years) with pneu-
monia that had developed inside or outside the hospital who needed in-
hospital treatment were included. Pneumonia was defined according to
the international guidelines (19, 20). In this study, patients who were
prescribed antimicrobials within the previous 90 days and who did not
have a blood culture test performed at the time of diagnosis were excluded
s0 as to remove the effects on the result of blood culture and to assess the
microbiological factors in the progression to bacteremia. The patients
whose isolates presented low-quality sequencing results in the MLST anal-
ysis were also excluded.

Bacterial isolates, The microbiological laboratories at all study insti-
tutions provided probable causative pathogens, which were cultured in a
semiquantitative manner from samples of sputum, tracheobronchial as-
pirate, bronchoalveolar lavage fluid, pleural fluid, and blood. All isolates
were subcultured and frozen at —80°C until use.

The isolates derived from a previous study (18) were reconfirmed at a
central laboratory (SRL, Inc., Tokyo, Japan) to be K. pneumoniae, and
those with positive blood cultures at Nagoya University Hospital were also
reconfirmed using standard and recommended biochemical tests and the
Analytical Profile Index (API) 20E system. The details of microbiological
evaluation were described previously (18).

Supplementary organisms for analysis of virulence factors. The
strains that were collected >30 years ago and belonged to the K2 capsular
type were used for an analysis of virulence factors in order to avoid find-
ings in which the result of MLST might be caused by local and temporal
matters.

Multilocus sequence typing. MLST was performed as described pre-
viously (21) using seven housekeeping genes (gapA, infB, mdh, pgi, phoE,
rpoB, and tonB). The allele sequences and sequence types (STs) were de-
termined using the Klebsiella MLST database (http://bigsdb.web.pasteur
fr/klebsiella/klebsiella.html). New alleles and STs were submitted to the
Institut Pasteur MLST databases. In order to define the phylogenetic re-
lationships among the STs, we performed eBURST analysis using eBURST
version 3 (http://eburst.mlst.net/).

In this study, the major primary or subgroup founders in a population
snapshot determined by eBURST were considered to be central founders
of a cluster of STs. Genetic lineage (GL) was defined as a group of STs
whose allele profiles differed by no more than two out of a total of seven
genes, in a comparison of the allele profiles of central founders.

Capsular serotyping and detection of virulence factors. The capsular
serotypes of K. pneumoniae were determined by the double-diffusion gel
precipitation (Ouchterlony) test (3). Rabbit antisera against all of the K.
preumoniae reference strains were prepared by M. Mori under the super-
vision of N. Kato (Mori et al. [22]). Polysaccharides were prepared from
the culture supernatants of the isolates by the procedure described by
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Batshon et al. (23), and capsular polysaccharides were extracted with ce-
tylpyridinium chloride, as described previously (3).

The presence of virulence genes was determined by PCR using previ-
ously documented primers (24, 25). The HV phenotype was defined by a
positive string test, which is the formation of a viscous string >5 mm in
length when bacterial colonies on an agar plate are stretched by an inoc-
ulation loop.

Statistical analyses. Pearson’s chi-square test or Fisher’s exact test was
performed for categorical variables, and Student’s t test and the Wilcoxon
rank-sum test were performed for continuous variables. To assess the risk
factors for the progression to bacteremia in patients with pneumonia due
to K. pneumoniae, a multivariable logistic regression analysis was per-
formed. A backward stepwise selection procedure was used, which re-
moved variables that had a P value of >0.1 and included variables that had
a P value of <0.05. In order to assess the roles of microbiological and
molecular characteristics in this analysis, we used the factor that was con-
sidered to be the most important based on the findings of microbiological
tests and the results from univariate analysis between bacteremia and
nonbacteremia in patients with pneumonia. Clinical background factors,
such as the following, were considered to be risks for bacteremia: neoplas-
tic disease, chronic lung disease, congestive heart failure, chronic renal
disease, chronic liver disease, diabetes, immunosuppression, hypoalbu-
minemia, nonambulatory status, and alcoholism (26, 27). Among these
factors, the variables with a P value of <0.1 by univariate analysis were
included in the stepwise multivariable model, in addition to age and sex
(28). A multivariable analysis, including the institutional factor (medical
institutions where the patients with pneumonia were admitted), was also
performed to adjust for the potential confounding by including consecu-
tive patients with positive blood cultures for K. pneumoniae at Nagoya
University Hospital. Statistical analyses were performed using PASW Sta-
tistics 18 (SPSS, Inc., Chicago, IL, USA). All tests were two-tailed, and a P
value of <0.05 was considered statistically significant.

RESULTS

Baseline characteristics. One hundred two patients from the pre-
vious cohort study (18) and 18 patients from Nagoya University
Hospital made a total of 120 patients with pneumonia due to K.
pneumoniae included in the present study. Among them, 23
(19.2%) were classified as bacteremic, and 97 (80.8%) were clas-
sified as nonbacteremic.

The median age of the 120 patients with pneumonia due to K.
preumoniae was 79 years (interquartile range [IQR], 71.3 to 85.0
years), 91 (75.8%) of whom were men. The baseline characteris-
tics of all patients are described in Table 1. Nosocomial pneumo-
nia (hospital-acquired pneumonia [HAP] and ventilator-associ-
ated pneumonia [VAP]), neoplastic disease, immunosuppression,
systolic blood pressure (SBP) of <90 mm Hg, respiratory rate
(RR) of =30/min, and albumin level of <3.0 mg/dl (hypoalbu-
minemia) were more frequent in patients with bacteremia than in
those without bacteremia. The Sequential Organ Failure Assess-
ment (SOFA) score was higher in patients with bacteremia than in
those without.

Clinical outcome. The proportion of inappropriate initial an-
tibiotic treatment was low, since most isolates in this study were
susceptible to antimicrobial agents for pneumonia. The 30-day
mortality was statistically significantly higher in patients with bac-
teremia (34.8%) than in those without (11.3%), and in-hospital
mortality was also statistically significantly higher in those with
bacteremia (43.5%) than in those without (14.4%). Also, the pro-
portions of those needing for mechanical ventilation support and
vasopressor support were significantly higher in patients with bac-
teremia (26.1% and 34.8%, respectively) than in those without
(7.2% and 6.2%, respectively) (Table 2).
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TABLE 1 Baseline characteristics

Genetic Characteristics of K. pneumoniae

Variable” Patients with bacteremia Patients without bacteremia P value
n 23 97
Males 20 (87.0) 71(73.2) 0.166
Age (median [IQR]) (yr) 73.0 (64.0-79.0) 81.0 (74.0~-86.0) 0.005
Pneumonia
CAP 4(17.4) 52 (53.6) 0.002
HCAP 5(21.7) 43 (44.3) 0.047
HAP/VAP 14 (60.9) 2(2.1) <0.001
Comorbidities
Neoplastic disease 13 (56.5) 16 (16.5) <0.001
Chronic lung disease 1(4.3) 24 (24.7) 0.042
Congestive heart failure 4(17.4) 14 (14.4) 0.748
Chronic renal disease 4(17.4) 8(8.2) 0.241
Chronic liver disease 4(17.4) 6(6.2) 0.097
Diabetes 4(17.4) 14 (14.4) 0.748
Immunosuppression” 5(21.7) 1(1.0) 0.001
Physical, laboratory, and radiographical findings
Orientation disturbance (confusion) 6(26.1) 34 (35.1) 0.412
Systolic blood pressure <90 mm Hg 7 (30.4) 7(7.2) 0.006
Respiratory rate =30/min® 9 (47.4) 19 (19.8) 0.018
BUN =30 mg/d] 11(47.8) 30(30.9) 0.124
Pa0,/FiO, (median [IQRD? 297.1(227.1-361.9) 258.6 (180.9-318.3) 0.158
C-reactive protein (median [IQR]) (mg/dl) 11.7 (5.4-17.3) 9.3 (4.5-16.2) 0.257
Albumin <3.0 mg/dl 19 (82.6) 36 (37.5) <0.001
Bilateral lung involvement 9 (39.1) 58 (59.8) 0.073
Nonambulatory status® 11 (47.8) 35(36.1) 0.298
Alcoholism” 1(4.3) 3(3.1) 0.578
SOFA score (median [IQR])* 6.0 (3.0-9.0) 3.0 (2.0~5.0) 0.015

“The data are presented as no. (%), unless otherwise indicated. IQR, interquartile range; CAP, community-acquired pneumonia; HCAP, health care-associated pneumonia; HAP,

hospital-acquired pneumonia; VAP, ventilator-associated pneumonia; BUN, blood urea nitrogen; SOFA score, sequential organ failure assessment score.

" Immunosuppression included any immunosuppressive diseases, such as congenital or acquired immunodeficiency, hematological diseases, and neutropenia (< 1,000/mm3),
treatment with immunosuppressive drugs within the previous 30 days, or corticosteroids in daily doses of 10 mg/day of a prednisone equivalent for >2 weeks.

¢ Respiratory rate was evaluated in 95.8% (19 with bacteremia and 96 without bacteremia) of the study patients.

4 Arterial blood gas analysis was performed in 89.2% (13 with bacteremia and 94 without bacteremia) of the study patients. In patients for whom arterial blood gas analyses were

not performed, PaO, was calculated by using the prediction from SpO,.

¢ Nonambulatory status was defined as being bedridden or using a wheelchair because of difficulty walking.

7/ Alcoholism was defined as those who drink >120 g of alcohol per day.

£ SOFA score was evaluated in 99.2% (23 with bacteremia and 96 without bacteremia) of the study patients.

Microbiological characteristics and MLST. A microbial diag-
nosis in patients with pneumonia was based on the following spec-
imens: sputum (1 = 87), transbronchial aspirates (n = 9), blood
{(n = 23), and transthoracic puncture (n = 1) (see Table S1 in the
supplemental material). To investigate the genetic relationships,
MLST was performed on all 120 clinical isolates. In this study,
MLST analysis revealed 88 different STs. Forty-three of them
(ST1092, ST1093, ST1094, ST1095, ST1096, ST1097, ST1098,
ST1099, ST1100, ST1101, ST1102, ST1108, ST1131, ST1132,
ST1139, ST1140, ST1141, ST1142, ST1143, ST1144, ST1145,
ST1146, ST1147, ST1148, ST1149, ST1150, ST1596, ST1597,
ST1598, ST1599, ST1600, ST1605, ST1606, ST1607, ST1608,
ST1609, ST1610, ST1611, ST1612, ST1613, ST1614, ST1615, and
ST1616) were identified for the first time in the present study (see
Table S1 in the supplemental material).

A population snapshot shows some clusters of linked STs and
unlinked ST in the whole K. pneumoniae MLST database (as of 8
July 2014), including the isolates identified in this study, which
identified four central founders (ST23, ST65, ST268, and ST347)
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TABLE 2 Appropriateness of initial antibiotics and clinical outcomes

No. (%) of patients:

With Without
bacteremia bacteremia
Therapy and outcome (n=23) (n=297)" P value
Inappropriate initial 1(4.3) 6(6.2) 1.000
antibiotic treatment®
30-day mortality” 8(34.8) 11(11.3) 0.010
In-hospital mortality 10 (43.5) 14 (14.4) 0.004
Intensive care®
ICU admission 5(21.7) 9(9.3) 0.141
Mechanical ventilation 6 (26.1) 7(7.2) 0.018
support?
Vasopressor support 8(34.8) 6(6.2) 0.001

“ Appropriateness of initial antibiotics was assessed by susceptibility test on the basis of
CLSI 2010 (42).

® Patients who were discharged or transferred to other hospitals in <30 days with
improvement of signs and symptoms were considered alive.

¢ Intensive care included ICU admission, mechanical ventilation support, or
vasopressor support within 30 days after the diagnosis of pneumonia.

4 Noninvasive positive-pressure ventilation was included.
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FIG 1 A population snapshot determined by eBURST analysis (http://eburst.mlst.net) showing the clusters of linked and unlinked STs in the entire K.
pneumoniae MLST database (1,612 STs; http://www.pasteur.fr/recherche/genopole/PF8/mist/), including the 120 isolates in this study. The size of the circles
indicates the number of isolates, and large circles indicate predominant types. The color of circles indicates the type of founder (blue, primary founder; yellow,
subgroup founder; black, all other STs). The pink halos surround ST that were isolated in this study. There is a large cluster of STs (clonal complex 37; green box),

with ST37 as the predicted founder.

as primary or subgroup founders (Fig. 1). ST23, ST25, ST218,
ST485,8T1092, and ST1373 belonged to GL23; ST65, ST25, ST35,
ST60, ST66, and ST375 belonged to GL65; ST347, ST355, ST662,
§T919, ST1096, ST1097, ST1132, ST1148, ST1597, ST1608, ST1611,
and ST1612 belonged to GL347; and ST268, ST35, ST36, ST412,
and ST485 belonged to GL268 (Table 3). The microbiological and
molecular epidemiological characteristics between patients with
and without bacteremia in patients with pneumonia are shown in
Table 4. Of the 120 isolates of K. pneutmoniae, 62 (51.7%) were
serotyped, and the K2 serotype was most common (13/120
[10.8%]), followed by the K1 serotype (9/120 [7.5%]). The strains
of serotype K2 were more common in patients with bacteremia
than in those without (4/23 [17.4%] versus 9/97 [9.3%], respec-
tively). ST23 was the most common genotype (9/120 [7.5%]) of
pneumonia due to isolates of K. pneumoniae. The strains belong-
ing to GL65 were more prevalent in patients with bacteremia than
in those without (5/23 [21.7%] versus 7/97 [7.2%], respectively).
As shown in Table S1 in the supplemental material, the serotype of
the strains with GL65 was predominantly K2 (9/12 [75.0%]).

Assessment of virulence factors. An analysis of the virulence
factors among strains of serotype K2 was performed in order to
explore the microbiological factors related to a high proportion of
bacteremia in patients with strains belonging to serotype K2 and
GL65. Serotype K2 was grouped into two GLs, GL65 and GL14.
GL14 comprised ST14 only (Table 5). Among strains of serotype
K2, all GL65 strains, including those isolated >30 years ago, har-
bored rmpA and the gene for aerobactin, and 8 (66.7%) of the 12
GL65-K2 strains were positive for the HV phenotype by the string
test. On the other hand, neither rmpA nor the gene for aerobactin
was detected whatsoever in the GL14-K2 strains.

Risk factors for bacteremia. Table 6 shows the risk factors for
bacteremia in the patients with pneumonia. The significant risk
factors for bacteremia in the univariate analysis included neoplas-
tic disease (odds ratio [OR], 6.58 [95% confidence interval {CI},
2.46 to 17.60]), immunosuppression (OR, 26.67 [95% CI, 2.94 to
241.94]), and hypoalbuminemia (OR, 7.92 [95% CI, 2.50 to
25.12]). In the multivariate analysis, the GL65 genotype was a
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significant risk factor for bacteremia (adjusted odds ratio [AOR],
9.46 [95% CI, 1.81 t0 49.31]), even after the clinical variables (age,
sex, neoplastic disease, chronic lung disease, chronic liver disease,
immunosuppression, and hypoalbuminemia) were entered in the
analysis. Moreover, the GL65 genotype remained a significant risk
factor for bacteremia in the multivariate analysis including the
institutional factor (see Table S3 in the supplemental material).
Clinical characteristics and outcomes in patients with and
without GL65. Among the patients infected by strains with GL65,
pneumonia always had a community onset (CAP and health care-
associated pneumonia [HCAP]), but no strains with GL65 were
identified in the nosocomial pneumonia (HAP and VAP) cases.
Compared with the patients infected by strains without GL65, the
patients infected by strains with GL65 had odds ratios of 1.9 (95%
Cl,0.5t0 7.9; P = 0.402), 5.5 (95% CI, 1.4 to 21.9; P = 0.026), and
7.9 (95% CI, 2.1 to 29.9; P = 0.005) with respect to 30-day mor-
tality, mechanical ventilation, and intensive care unit (ICU) ad-
mission, respectively (see Table S2 in the supplemental material).

DISCUSSION

This multicenter study revealed that bacterial genetic lineage 65
(GL65)-K2 was associated with the presence of rmpA and the gene
for aerobactin, as well as the expression of the HV phenotype. In
multivariate analysis, the GL65 genotype was one of the probable
independent risk factors of bacteremia in patients with pneumo-
nia due to K. pneumoniae.

In the present study, the rmpA and the gene for aerobactin were
positive for all the GL65-K2 strains, including those isolated >30
years ago, whereas neither rmpA nor the gene for aerobactin was
detected whatsoever in the GL14-K2 strains (Table 5). K. pneu-
moniae strains of serotype K2 have frequently been isolated from
patients with bacteremia (9, 29) and have shown strong virulence
in mice (3). On the other hand, some strains of serotype K2
showed very weak virulence in mice or none at all (3, 30). The
results of our study served to explain the differences in virulence
among the strains of serotype K2 and were congruent with the
view that the rmpA gene is highly positive (71%) in clonal complex
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TABLE 3 ST profile of genetic lineages

Genetic Characteristics of K. pneumoniae

TABLE 4 Microbiological and molecular epidemiological characteristics

No. with allele profile: NO,' (%)
of isolates
ST gapA infB mdh pgi  phoE rpoB tonB (n = 120)
GL23 15(12.5)
ST23 2 1 1 1 9 4 12 9(7.5)
ST257 2 1 1 1 10 4 13 1(0.8)
ST218 2 3 1 1 9 4 12 2(1.7)
ST485° 2 1 1 1 7 1 12 1(0.8)
ST1092 2 1 1 1 7 4 198 1(0.8)
ST1373 2 1 1 1 1 4 4 1(0.8)
GL65 12 (10.0)
ST65 2 1 2 1 10 4 13 5(4.2)
ST25° 2 1 1 1 10 4 13 1(0.8)
ST35¢ 2 1 2 1 10 1 19 2(L7)
ST60 2 1 2 1 4 4 8 1(0.8)
ST66 2 3 2 1 10 1 13 1(0.8)
ST375 43 1 2 1 10 4 13 2(1.7)
GL347 13 (10.8)
ST347 16 24 21 27 47 22 67 2(1.7)
ST355 16 45 21 27 47 22 67 1(0.8)
ST662 16 24 21 27 52 17 67 1(0.8)
ST919 16 24 21 27 47 22 188 1(0.8)
ST1096 16 24 21 27 47 22 200 1(0.8)
ST1097 16 75 21 27 55 22 67 1(0.8)
ST1132 16 24 21 27 106 22 204 1(0.8)
ST1148 16 18 21 27 47 22 75 1(0.8)
ST1597 16 24 21 27 203 107 67 1(0.8)
ST1608 29 24 46 27 47 22 67 1(0.8)
ST1611 16 18 21 76 47 22 67 1(0.8)
ST1612 16 24 21 31 47 60 67 1(0.8)
GL268 15 (12.5)
ST268 2 1 2 1 7 1 81 7 (5.8)
ST35° 2 1 2 1 10 1 19 2(1.7)
ST36 2 1 2 1 7 1 7 4(3.3)
ST412 2 1 1 9 1 112 1(0.8)
ST485° 2 1 1 1 7 1 12 1(0.8)

4 8T25, ST35, and ST485 belonged to two GLs each (GL23 and GL65, GL65 and GL268,
and GL23 and GL268, respectively), The allele profile of ST25 had =5 loci in common
on the basis of the profiles of ST23 and ST65, the allele profile of ST35 had =5 loci in
common on the basis of the profiles of ST65 and ST268, and the allele profile of $T485
had =5 loci in common on the basis of the profiles of ST23 and ST268.

65 (CC65)-K2 strains (24). Although the definition of ST groups
in the present study was different from that in the study by Brisse
et al. (24), the components of CC65 (ST65, ST25, ST66, and
ST243) were almost the same as those in GL65 (ST65, ST25, ST35,
ST60, ST66, and ST375) in the present study. A clonal complex
was defined as a group of STss differing by no more than one gene
from at least one other profile of the group in the study by Brisse et
al. (24). However, the MLST results showed a large genetic back-
ground diversity in 120 isolates (Fig. 1), and CC37 included ST23
and ST65. ST23 was a representative ST of K1 isolates, and ST65
was a representative ST of K2 isolates. Therefore, in the present
study, genetic lineage was defined by ST groups to discern these
differences. The discrepancy in the frequency of the rmpA gene
between CC65-K2 and GL65-K2 may be explained by the house-
keeping genes of MLST, which are located on a chromosome (21),
unlike the rmpA gene, which is located on a plasmid. The string
test indicated that 66.7% of the GL65-K2 strains had the HV phe-

March 2015 Volume 53 Number 3

Journal of Clinical Microbiology

No. (%) of strains from patients:

With bacteremia  Without bacteremia

Strain group” (1 = 23) (n=97) P Value
Capsular serotype 0.340

K1 1(4.3) 8(11.1)

K2 4(17.4) 9(9.3)

K20 0 (0.0) 7(7.2)

K39 2(8.7) 4 (4.1)

K54 0(0.0) 3(3.1)

K57 0(0.0) 7(7.2)

Other serotype" 4(17.4) 13 (13.4)

Nontypeable 12 (52.2) 46 (47.4)
ST 0.062

ST23 1(4.3) 8(8.2)

ST36 0(0.0) 4(4.1)

ST65 1(4.3) 4 (4.1)

ST268 0(0.0) 7(7.2)

ST347 1(4.3) 1(1.0)

ST872 0(0.0) 3(3.1)

Other ST 20 (87.0) 70 (72.2)
GL23° 3(13.0) 12 (12.4) 1.000
GL65° 5(21.7) 7(7.2) 0.052
GL347¢ 4(17.4) 9(9.3) 0.271
GL268¢ 1(4.3) 14 (14.4) 0.298
rmpA 5(21.7) 31(32.0) 0.336
Gene for aerobactin =~ 5(21.7) 32(33.0) 0.294
Positive string test 4(17.4) 30 (30.9) 0.195

“ GL, genetic lineage; rmipA, regulator of mucoid protein A,

* Other serotypes included K5, K10, K16, K23, K28, K30, K41, K42, K43, K49, K55,
K58, K60, and K62.

©GL23 included ST23, ST25, ST218, ST485, ST1092, and ST1373; GL65 included ST65,
ST25, ST35, ST60, ST66, and ST 375; GL347 included ST347, ST355, ST662, ST919,
ST1096, ST1097, ST1132, ST1148, ST1597, ST1608, ST1611, and ST1612; and GL268
included ST268, ST35, ST36, ST412, and ST485.

notype, which was identified as an important virulence factor for
K. pneumoniae in mouse models (31, 32). Recent genetic and phe-
notypic characterizations showed that the genetic background,
rather than the capsular serotype, was associated with the viru-
lence of K. pneumoniae (24). Thus, not only capsular serotypes but
also ST groups would be applicable for predicting the prognosis of
patients with pneumonia caused by K. pneumoniae.

In the multivariate analysis, the GL65 genotype was indicated
to be one of the independent risk factors for bacteremia in patients
with pneumonia due to K. pneumoniae, in addition to neoplastic
disease, immunosuppression, and hypoalbuminemia, which were
characteristics of the host. The results suggested that the factors of
both bacteria and hosts are important for evaluating and predict-
ing the clinical outcome of severe cases of pneumonia with K.
pneumoniae (Table 6). Investigations into the relationship be-
tween the clinical findings and MLST profiles among K. pneu-
moniae isolated from pneumonia are limited. As far as we know,
this is the first report suggesting that specific ST groups of mi-
crobes might be involved with bacteremia, which is related to
adverse outcomes in patients with K. pneumoniae infections. The
results are consistent with the view that HV phenotypes, which are
associated with the presence of the rmpA gene, have more resis-
tance to phagocytosis by macrophages and neutrophils (6).
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TABLE 5 Comparison of virulence factors present between GL65-K2 and GL14-K2

Virulence gene

Gene for String test Reference or
Strain by source rmpA magA mrkD kfu of29a fimH ureA aerobactin result ST source
This study
GL65-K2
BL4 + - + + - + + + - 25 This study
BL16 + - + + - + + + + 66 This study
BL23 + - + + - + + + + 65 This study
S26 + - + + - + + + + 375 This study
S28 + - + - - + + + - 65 This study
$42 + - + + — - + + - 65 This study
wi8 + - + + - + + + + 65 This study
w37 + - - - - + + + + 65 This study
w43 + - + + - + + + + 375 This study
GL14-K2
BL2 - - + + - + + - - 14 This study
Other-K2
S10 + - + + - + + + + 86 This study
$30 + - + + - + + + + 86 This study
$31 - - + + - + + - - 281 ° Thisstudy
Supplementary”
GL65-K2
K2-112 + - + + - + + + - 65 3
K2-324 + - + - - + + + + 65 3
B5055 + - + + - + + + + 66 39
GL14-K2
K2-215 - - + + - + + - - 14 3
K2-277 - - + + - + + - - 14 3
R622 - - + + - + + - - 14 40, 41
R640 - - + + - + + - - 14 40
R642 - - + + - + + - - 14 40, 41
R761 -~ - + + - + + - + 14 40
Other-K2
Chedid + - + + - + + + + 86 3

“ The supplementary strains were collected >30 years ago.

Thirty-day mortality was higher in patients infected by strains
with GL65 than in those not infected by GL65 strains, although
this was not confirmed to be significant, due to the limited num-
ber of cases. The patients infected by strains with the GL65 geno-
type had significantly higher proportions of ICU admission and
mechanical ventilation support than did the patients infected by
strains without the GL65 genotype. In this study, clinical adverse
outcomes due to inappropriate initial antibiotic treatment were

TABLE 6 Risk factors for bacteremia caused by K. pneumoniae

limited, because the proportion of inappropriate antibiotic treat-
ment was low in both the bacteremia and nonbacteremia groups
(4.3% and 6.2%, respectively). Therefore, GL65, a microbiological
factor, might be relevant to clinical outcomes, and our results
support the previous finding that K. pneumoniae was an indepen-
dent risk factor for mortality in severe community-acquired
pneumonia (7).

In this study, all strains with GL65 were isolated from patients

No. (%) for risk factor

OR (95% CI) in*:

Variable Yes No Univariate analysis Multivariate analysis”
Age > 65 yr 17/23 (73.9) 91/97 (93.8) 0.19 (0.05-0.65) Removed

Male 20/23 (87.0) 71/97 (73.2) 2.44 (0.67-8.90) Removed

Neoplastic disease 13/23 (56.5) 16/97 (16.5) 6.58 (2.46-17.60) 9.94 (2.61-37.92)
Chronic lung disease 1/23 (4.3) 24/97 (24.7) 0.14 (0.02-1.08) Removed

Chronic liver disease 4/23 (17.4) 6/97 (6.2) 3.19 (0.82~12.42) Removed
Immunosuppression 5/23 (21.7) 1/97 (1.0) 26.67 (2.94-241.94) 17.85 (1.49-214.17)
Hypoalbuminemia® 19/23 (82.6) 36/97 (37.5) 7.92 (2.50-25.12) 4.76 (1.29~17.61)
GL65 5/23 (21.7) 7197 (7.2) 3.57 (1.02-12.52) 9.46 (1.81-49.31)

“ OR, odds ratio; CI, confidence interval
¥ Stepwise procedure was performed.
¢ Hypoalbuminemia was defined as an albumin level of <3.0 mg/dl.
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with CAP or HCAP, but no strains with GL65 were isolated from
patients with nosocomial pneumonia (see Table S2 in the supple-
mental material). The results are consistent with the previous
findings that the strains having virulence factors, such as K1,K2,a
mucoid phenotype, and aerobactin, were more likely to cause
community-acquired infections than to cause hospital-acquired
infections (5, 33). These findings might be associated with differ-
ences in the host defenses between the patients with community-
acquired and hospital-acquired infections. Compared to patients
with hospital-acquired infection, those with community-acquired
infection tend to be more immunocompetent, and more virulence
factors may be needed for bacterial invasion to cause bacteremia
(34, 35). However, it is still unknown how such virulent strains
arise and spread, and further studies are warranted to elucidate
why such strains are highly recovered in community-acquired in-
fections.

This study has some limitations. First, part of the data were
retrospectively collected from Nagoya University Hospital, and
87% (20/23) of the patients with positive blood cultures were en-
rolled in the hospital. This institutional factor may be a con-
founder of the results of the molecular epidemiological character-
istics between patients with and without bacteremia. However,
GL65 strains were also found in other hospitals and existed in the
isolates recovered >30 years ago, and this findings of this study
suggest that the identification of GL65 is not a local and temporal
matter. Second, the sample size of this study was relatively small.
The results of the multivariate analysis for the risk of bacteremia
showed wide 95% Cls of the ORs. Therefore, further studies with
a larger sample size are needed to validate our results. However,
the proportion of patients with a positive blood culture was low
(5/108 [4.6%]) in those who had pneumonia due to K. prneu-
moniae in the previous cohort study (18). Therefore, it was impor-
tant to assess the risk factors for bacteremia in the patients with
pneumonia in the present study, even though the number was
small.

In the present study, patients who previously used antibiotics
were excluded in order to avoid masking the blood culture results.
Resistant strains were likely to be identified in the excluded pa-
tients, which may affect the results of the MLST profile. The inter-
national spread of carbapenem-resistant Enterobacteriaceae
(CRE), such as KPC-producing K. pneumoniae (KPC-Kp), has
become a grave clinical concern, although KPC-Kp has not been
widespread in Japan (36). It has been recognized that the predom-
inant epidemic clone among the KPC-Kp is ST258, although the
relationship between GL65 and KPC-Kp with bacteremia has not
been studied. The mortality rates in the patients with bacteremia
caused by KPC-Kp are 39% to 53% (37, 38). Therefore, the rela-
tionship between GL65 and KPCs is a crucial topic for future
investigation.

In conclusion, the present study indicates that GL65-K2 strains
were associated with the presence of rmpA gene and the gene for
aerobactin, as well as the expression of the HV phenotype. More-
over, this study suggested that GL65, which was one of the clusters
of closely related STs, as well as comorbidities, such as neoplastic
disease, immunosuppression, and hypoalbuminemia, might be
independent risk factors for bacteremia in those who have pneu-
monia caused by K. pneurmoniae, which progresses to severe pneu-
monia. Clinicians should be aware of GL65 in order to evaluate
and predict the severity of pneumonia caused by K. pneumoniae.
Further basic studies on the pathogenicity of K. pneurnoniae are
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warranted to elucidate why the K. pneumoniae GL65 tends to re-
sult in bacteremia in patients with pneumonia.
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from 35 (22.9%) of 153 samples, all of whic
followed by CTX-M-1 group and CTX-M-8
blactx-m-g recovered from imported m 52

Paterson et al., 2005). CTX- M-type ESBL-
coli especially have been increasing

(Cant6n et ali; 2008). Increasing isolation rates of these mi-
crobes alert us to a probably growing health risk for public
health (Pitout and Laupland, 2008). The reason for the rapid
spread of CTX-M-producing E. coli in the community remains
uncertain. Recent investigations have revealed that previous
use of antimicrobials, especially oxyimino-cephalosporins
and fluoroquinolones, was a risk factor for community-onset
bloodstream infections caused by ESBL-producing E. coli

from domestic (n=1) and imported
0 uoroqumolones although the E. coli
wman isolates, is usually resistant to

minant serotype O25b. Our results showed that
at samples in Japan are generally divergent in

(Rodriguez-Bafio et al., 2010). Additionally, several studies
have reported a high prevalence of ESBL-producing E. coli
isolates in fecal samples of broilers and chickens (Costa et al.,
2009; Li et al., 2010). These findings suggested that prescrip-
tions of oral cephalosporins for outpatients and/or extensive
veterinary use of antimicrobials may well promote the rapid
increase of epidemic clones of E. coli that produce CTX-M-
type ESBL in both human and animals.

In many food animals such as chickens, pigs, and cattle,
certain antimicrobials such as colistin sulfate, avilamycin, and
monensin were approved to add to animal feeds for pre-
venting infections in many countries. By contrast, the veteri-
nary use of fluoroquinolones such as enrofloxacin and
cephalosporins such as ceftiofur and cefquinome have been
approved only for therapeutic purpose for livestock infected
with pathogenic bacteria. Indeed, the veterinary use of these
antimicrobials has been strictly restricted, but the use of such

Departments of ‘Pathophyswlogxcal Laboratory Scxence and Bacterlology, Nagoya Umver51ty Graduate School of Medxcme, Nagoya,

Japan.
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antimicrobials may well contribute to the emergence and
spread of ESBL producers in livestock farming environments
through selection of bacterial strains harboring genetic de-
terminants responsible for cephalosporin resistance such as
blactx-m and blacygy. Actually, Ma et al. have reported the
occurrence of ESBL-producing E. coli in fecal samples of
healthy ducks and environmental samples from a duck farm
in South China (Ma et al., 2012), and an increasing amount of
data regarding this issue has been accumulated to date
(Dhanji et al., 2010; Ewers et al., 2010; Ho et al., 2011). Food
animals and their products are now suspected to be one of the
potential sources in the dissemination of the antimicrobial-
resistant bacteria, especially ESBL-producing E. coli (Over-
devest et al., 2011). In Japan, Hiroi et al. and Asai et al. have
reported the prevalence of ESBL-producing bacteria in food-
producing animals (Asai et al., 2011; Hiroi et al., 2012), how-
ever, there have been few reports about the dissemination of
ESBL-producing E. coli in samples derived from food animals
and/or their products collected since 2007. The aim of our
study was to assess the recent state of contamination with
ESBL-producing E. coli in retail food samples and to charac-
terize the types of ESBLs, together with the serotype and ge-
notype of ESBL-producing E. coli isolates in Japan. Moreover,
we also compared the prevalence of ESBL producers in do
mestic and imported meat samples, since imported mea
products have recently become a commonplace in the.Ja
nese market.

Materials and Methods

Sample collection and bacterial isolati

mestic products and 26 S
frorn South Ame a,

mately 10 g of each s np
lactose bile broth (SYSMEX bioMérie
pan) at 35°C for 24 h; ahquots Q.(]

Screening and genetic identification of ESBL

ESBL screening was performed on the basis of the double-
disk synergy test by using three different commercially
available discs: ceftazidime, cefotaxime, and amoxicillin/
clavulanic acid, according to the protocol recommended by
the Clinical and Laboratory Standards Institute (CLSI, 2009b)
and confirmed using Etest (SYSMEX bioMérieux).

The presence of CTX-M-type f-lactamase genes was de-
termined by polymerase chain reaction (PCR) using primers
specific to the CTX-M-1 group, CTX-M-2 group, CTX-M-8

KAWAMURA ET AL.

group, or CTX-M-9 group as described elsewhere (Shibata
et al., 2006; Dallenne et al., 2010). The TEM- and SHV-type f-
lactamase genes were detected by PCR, and their genotypes
were further determined by sequencing analysis (Yagi et al.,
2000). The nucleotide sequences were analyzed with BLAST
software (http://blast.ddbj.nig.ac.jp/top-j.html).

Cluster analysis by PFGE

PFGE typing of the ESBL-producing isolates was per-
formed as described elsewhere (Barrett et al., 1994). Plug
containing whole genomic DNA was digested w1th Xbal
(Takara Bio. Inc., Tokyo, Japan), and electrop» es
performed using a CHEF-DR III system (Bio-Rad “Tabora-
tories, Hercules, CA) with pulses ranging from 2.2t654.2 s ata
voltage of 6V/cm at 14°C for 19h. A dendrogram showing
genetic relatedness%mong the 1solate ‘wasionstructed with

Fmgerprmtmg H%ﬁware (Bio-Rad L@boraforxes) In the iso-

&a A
e“repre‘sentatlve isolate was fur-
§ﬂ1etlc similarity was observed,

obial susceptibility testing

antimicrobial susceptibility of each isolate was deter-
by the agar dilution method, according to the protocol
recommended by the CLSI in document M07-A9 (CLS],
2009a). The antimicrobial agents. were obtained from the fol-
lowing sources: piperacillin, cefotaxime, ceftazidime, imipe-
nem, aztreonam, gentamicin, minocycline, fosfomycin, Wako
Pure Chemical Co., Inc., Tokyo, Japan; cefmetazole, amikacin,
chloramphenicol, Sigma-Aldrich Japan, Tokyo, Japan; cipro-
floxacin, levofloxacin, Daiichi-Sankyo Company, Tokyo, Ja-
pan; and flomoxef, Shionogi & Co., Ltd., Tokyo, Japan.
Susceptibilities of ESBL-producing E. coli to each antimicro-
bial agent were categorized into susceptible, intermediate, or
resistant according to the CLSI criteria. Type Culture Collec-
tion (ATCC) 25922 (Microbiologics, Inc., MN) was used as

reference strain.

Multilocus sequence typing

Multilocus sequence typing (MLST) of ESBL-producing
E. coli isolates was performed with seven conserved house-
keeping genes (adfK, fumC, gyrB, icd, mdh, purA, and recA).
The MLST procedure, including allelic type and sequence
type (ST) assignment methods, was done according to the
website (http: //mlst.ucc.ie/mlst/dbs/Ecoli).
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Conjugation studies and plasmid replicon typing

The conjugation experiments were performed with
rifampin-resistant E. coli CSH-2 (metB F, nalidixic acid re-
sistant, rifampicin resistant) as the recipient strain by the
filter mating methods. Transconjugants were selected on LB
agar plates supplemented with rifampin (100 mg/L) and
cefotaxime (2 mg/L) (Wako Pure Chemical Co., Inc., Tokyo).
For resultant transconjugants and the parent isolates, plas-
mid replicon typing was performed as described elsewhere
(Carattoli et al., 2005).

Statistical analysis

Comparisons of proportions of ESBL producers recovered
from both imported meat samples and domestic products and
comparisons of proportions of susceptible isolates between
imported and domestic products were made by continuity-
adjusted x* test with SPSS software (version 20.0 for Win-
dows; SPSS Inc., Chicago, IL); p<0.05 was considered as
denoting a significant difference.

Results

Isolation of ESBL producers from food samples

Thirty-five (22.9%) of 153 food samples were contaminated
with ESBL-producing bacteria. The ESBL producers.we
only isolated from chicken meat samples, and the i
rate 15 of 26, 57.7%) of 1mported chicken meat sam

SHV-derived ESBLs (Tab‘, :
(51.2%), nine (20.9%), five*(11.6%), five (11 6%),“and two
(4.7%) coded for CTX-M-2, CTX-M-8, CTX-M:1, CTX-M-15,
and CTX-M-3 ESBL espectively. The number of bacterial
isolates (elgﬁt 21,.38.1%) harboring blacrxm-s recovered

from importe t samples was significantly larger than

3

that of domestic ones (one of 31, 3.2%) (p<0.05), but the
number of the isolates harboring blacrx.m-2 in imported ones
(11 of 21, 52.4%) was slightly higher than that of domestic
products (11 of 31, 35.5%). Of the 52 ESBL-producing E. coli
isolates, seven and one were SHV-12 and SHV-2 producers,
respectively, and seven of eight SHV-producers were from
domestic meat samples (Table 1).

Serotype of 52 ESBL-producing E. coli isolates

PFGE profiles of 52 ESBL-producing E. coli isolates were
dissimilar to each other (Fig. 1). However, several strains
carrying the same ESBL-genes were found to be, genetically
different (e.g., 57, 5416), while closely related ‘strains. (e.g.,
5150, S424) harbored different ESBL genes. Thi nie (59.6%)
were O untypeable, and the serogroups  remaining
isolates were O8 (seven of 52, 13.5%), followed by 025 (five of
52, 9.6%) and: :Ol’; o of 52, 3.8%), ectwely Of the five

ich“as ciprofloxacin and levofloxacin.

Plasmid replicon types

CTX-M-15-producing E. coli belonging to the O25b:H4-
ST131 is a global epidemic clone, and their isolation rate has
been increased recently in Japan. Therefore, conjugation ex-
periments were performed for five isolates (non-O25) har-
boring blactxa1s and four O25b:H4-ST131 isolates. The
conjugal transfer of the blacrxm-carrying plasmid to recipient
cells was successful in four non-025 and two O25b isolates.

TaABLE 1. GENOTYPES OF 52 EXTENDED-SPECTRUM f-LACTAMASES PRODUCED BY ESCHERICHIA COLI [SOLATES

CTX-M-1 group SHV
Products CTX-M-1  CTX-M-3 CTX-M-15 CTX-M-2 CTX-M-8§ TEM-52 SHV-12  SHV-2
Domestic products (31) 4 2 5 11 1 1 7 —
Imported products (21) 1 — —_— 117 g° — — 1
Total (52) 5 2 5 22 9 1 7 1

*One sample was an imported product mixed with domestic product, and classified into the imported products.

®One isolate harbored both blactx-m.s and Blarga.13s.
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similarivy fndex (%3

KRR TN 3 . Slrtln Country  Serotype Genatype
[ ——— 31 OUT  HIB  CTX-M2
018 H-  CTXal
o8 N7 CTNMI
OUT  HUT CIXALIS
OUT  HI2  CTXI3
oUT M CTXM2
o8 Hu CTXMS
oLT  Ht  CTXMY
o8 M CTXaM3
05 mr CIXMa
OUT  HUT CTXM2 .
0183 HUT CIX-M2 FIG. 1. Dendrogram of pulsed-field gel electro-
OUT  HUT CIXMIS i . i
o w g phoregls gPFGE) pattern among l?lac-[-x_M hfirbormg
our  n- suvz  Escherichia coli (based on unweighted pair group
T g method with arithmetic averages cluster analysis).
oeT B CINM2 Ladder patterns were analyzed by Fingerprinting

OUT  MUT CTXMdS II software (Bio-Rad Laboratories) to*¢alculate the
ouT His  CIX>M2

o H suvi2  Dice similarity index. Isolates weré“considered to
OUT  HUT CIXM$ belong to a group of clonally“related

OUT  H-  CIXMa2
suv12 d1ce slrmlarlty index of the

018 HUT CTX-M22
028 H$  CIX-MB

o8 H- Cf\ “«l TEM-135
ouT H CTNM2
CTX2

e e R P T K Rl P
g

Sy

EXTENDED-SPECTRUM f-LACTAMASE
A COLI [SOLATES

Continuity-adjusted
Agents S (%) 1(%) R (%) chi-square test (p-value)®

PIPC 1(3.2) 0 (0) 21 (100) 1.00
CcMZ 31 (100) 0 (0) 0(0) -
0 (0), 0 (0) 21 (100) —

3 (14.3) 4 (19.0) 0.214
0(0) 0 —
0(0) 0 —

2(9.5) 7 (33.3) 0.305

0(0) 7 (33.3) 0.002
0(0) 0 (0) —

. 0(0) 15 (71.4) 0.648
CP 29 (93.5) 0(0) 2 (6.5) 19 (90.5) 0(0) 2(95) 1.00
FOM 31 (100) 0(0) 0(0) 21 (100) 0(0) 0 (0) —_
CPEX 28 (90.3) 0© 3(9.3) 19 (90.5) 0(0) 2 (9.5) 1.00
LVEX 28 (90.3) 0 (0) 3(9.3) 19 (90.5) 1 (4.75) 1 (4.75) 1.00

Susceptibilities of 52 ESBL-producing E. coli to each antimicrobial agent were categorized into susceptible, intermediate, and resistant in
accordance with Clinical and Laboratory Standards Institute criteria.

*Proportions of R+1 were compared between imported meat samples and domestic meat samples.

PP-value was not obtained.

S, susceptible; I, intermediate; R, resistant; PIPC, piperacillin; CMZ, cefmetazole; CTX, cefotaxime; CAZ, ceftazidime; FMOX, flomoxef;
IPM, imipenem; AZT, aztreonam; GM, gentamicin; AMK, amikacin; MINO, minocycline; CP, chloramphenicol; FOM, fosfomycin; CPFX,
ciprofloxacin; LVEX, levofloxacin.
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TaBLE 3. RerLicoN Tyres o FOUur O258 ISOLATES
AND Five CTX-M-15-PRODUCING ISOLATES

Sample O Replicon Genotype  Replicon types
number serotype types (patient)  of ESBL  (transconjugant)
S10 025b  Il-y, N, CTX-M-2 P
FIB, F, P

556 0O25b  Il-y, FIB, F CTX-M-8 [1-y
5135 0O25b  Il-y, FIB,F SHV-12 ND
5404 025b  FIB, F CTX-M-2 ND

568 OUT  Ii-), FIB,F CTX-M-15 1y
5122 OuUT  I1-, FIB,F CTX-M-15 I1-y
5172 08 FIB, F CTX-M-15 ND
5245 OUT F CTX-M-15 F

5261 OUT Il-, FIB,F CTX-M-15 I1-y

OUT, O-antigen untypeable; ND, conjugal transfer of blacrx.m to
recipient cells did not succeed.

Replicon types of the plasmid were mainly I1-y (4 of 6) fol-
lowed by IncF, and IncP (Table 3).

Discussion

Contamination of foods with ESBL-producing E. coli has
recently become a worldwide concern. ESBL-producing E. colﬂ
isolates were recovered from 62 (29.5%) among 210 batches
raw chicken meat imported by the United Kingdo:
South America (Dhanji et al., 2010). InTurusxa, the d;“‘“m UHon

United Kingdom and Tunisia‘(
2007; Dhanji et al 2010 A

ducers in chlcken meat sample re
Some investigators have rep¢
detected from chicken m

M-types were som Tmt different from those*isolated from
patients admitted to chmcal settings (Jouini et al., 2007; Smet
etal., 2008; et4l., 2010). By contrast, in the Netherlands,
a probabile relationship between the contamination of chicken
meat wi ”drug-resmtant bacteria and the appearance of
ESBL-producers in humans has been reported (Leverstein-
van Hall et al., 2011; Overdevest et al., 2011). In the present
study, 43 blactxm-harboring E. coli isolates were recovered
from 35 chicken meat samples, and their CTX-M-types were
mainly CTX-M-2 in both domestic and imported meat sam-
ples, followed by CTX-M-8 in imported meat samples. These
findings are consistent with those reported from the United
Kingdom, suggesting that the genotypes of ESBLs detected
from chicken meat samples were very similar to those from
chicken meat in the United Kingdom, which would reflect the
fact that both countries import chicken meat from South

5

America. In Japan, the predominant CTX-M-types were
CTX-M-14 and CTX-M-9 belonging to the CTX-M-9-group
enzymes in clinical isolates (Suzuki et al., 2009). Thus, the CTX-
M-types of ESBL-producing E. coli recovered from chicken
meat samples in the present study were inconsistent with those
of clinical isolates detected more recently in Japanese hospital
settings. The most probable reason for the increasing isolation
of CTX-M-9-group ESBL producers from humans in Japan
would be the acquisition of E. coli that produce CTX-M-9-group
enzymes from different routes, such as human-to-human or
pets-to-human transmissions (Harada et al., 2012).
In the present study, several genes belongi
blactx.m-1-group, such as blacrx.m.a and blacpx
found from retail chicken meat samples, but the
of E. coli harboring the blacrxm-1-group g€
different from those of ESBL-producin,
Japanese chrucal settings (Matsumur et

to the
, were
er?jtypes
omewhat
“isolated in
., 2012). PFGE

8
ST131 1solates that produced CTX M-2 or CTX-M 8

fand ?ige'CTX M-15 producers, serotypes of which were O8 or

untypable, were recovered from retail chicken meat sam-
ples.“Interestingly, these isolates were unexpectedly suscep-
tible to fluoroquinolones. Although Inc types of plasmids
encoding genes for CTX-M-15 in E. coli clinical isolates were
usually IncFII, FIA, or FIB (Carattoli, 2009), the replicon types
of three CTX-M-15-producing E. coli isolates were Incll-y
plasmids in our study. Although no direct comparison
between chicken meat and human isolates was performed in
the present study, these results indicated that the CTX-M-15-
producing E. coli isolates recovered from chicken meat sam-
ples have different genetic backgrounds.

Our study presents several limitations. The number of
samples processed was small, and systematic surveillance
was not used. However, we purchased food samples from 29
separate supermarkets between January and October 2010,
and ESBL producers were excluded when the isolates were
suggested to belong to the same clone by the cluster analysis
of PFGE profile. This study seems to indicate the recent state
of contamination with ESBL-producing microbes in retail
foods. Indeed, it should be considered that plasmid and mo-
bile genetic elements conferring resistance to third-generation
cephalosporins might spread within E. coli via gene transfer,
but the cluster analysis of PFGE profile could not exclude the
possibility described above. It seems very important to
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investigate horizontal gene transfer such as exchanges of
plasmids or mobile genetic elements carrying genes for ESBLs
between bacteria isolated from foods. In the next step of our
investigation, we will carefully check the genetic structures of
the mobile elements carrying ESBL genes recovered from re-
tail chicken meat and compare them to the relevant mobile
elements from human isolates accumulated in the database.

Conclusions

We found a higher-than-expected prevalence of ESBL-
producing E. coli in retail chicken meat samples in Japan. No
clonal spread of ESBL-producing isolates contaminating food
samples was observed in the present study, but the high
prevalence rate of ESBL producers recovered from food
samples might well depend on frequent horizontal gene
transfer between bacterial isolates, through exchanges of
plasmids and/or mobile elements carrying ESBL genes. Fur-
ther surveillance and molecular epidemiological investiga-
tions conducted in an interdisciplinary way so as to consider
not only the human but also the veterinary fields would be
essential to predict the future spread of ESBL producers in
both humans and animals.
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