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Abstract

We are confronting a new threat in the prevalence of antibiotic-resistant bac-
teria followed by epidemic spread in aquatic environments in metropolitan
areas because damage from river floods is increasing remarkably in Japan due
to global extreme weather. The sewer penetration rate is about 100% in To-
kyo and reclaimed water from sewage treatment plants accounts for over 50%
of all water in both the down- and mid-stream areas of local rivers. The water
quality of these rivers, which contain microflora, seems to be seriously af-
fected by reclaimed water. In this study, we collected water samples on July
17, 2018 and examined the behavior of antibiotic-resistant fecal coliforms in
the stream of a sewage treatment plant in Tokyo. Extended-spectrum
F-lactamase (ESBL)-producing fecal coliforms with encoding genes were
found; the CTX-M-1, CTX-M-9, TEM, and SHV groups were found to have
survived in the final effluent to the river after sterilization with sodium hy-
pochlorite.

Keywords
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1. Introduction

The history of the human fight against pathogens goes back to prehistoric times
and the development of antibiotics, starting with penicillin in the early 20% cen-

tury, has made a substantial contribution to our ability to overcome serious in-
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fections. However, long-time use and mass use of any one antibiotic can cause
an outbreak of antibiotic-resistant bacteria (ARB). The production and use (or
overuse) of another antibiotic may then trigger the appearance of new ARB, and
so on, creating a vicious circle between humans and pathogens [1]. In the early
stages, ARB often arose in places in advanced countries where large amounts of
antibiotics were used, such as medical facilities, and livestock or fish farms. In
next stage, ARB spread through urban or natural environments, affecting human
lives in both advanced and developing countries [2] [3]. Now, S-lactam antibiot-
ics with antibacterial activity that inhibits synthesis of bacterial cell walls have
the highest consumption among antibiotics worldwide and thus, medical prac-
tice is now seeing SB-lactamase-producing bacteria created by natural mutations
that are beginning to pose a serious threat. Above all, we have seen the appear-
ance of Enterobacteriaceae with extended-spectrum S-lactamase (ESBL), which
are considered to be among the most dangerous ARB in the world [4] [5] [6].

We have been studying the ARB in the stream of the Tama River flowing be-
tween Tokyo and Kanagawa Prefecture in Japan for over 10 years and above all,
investigating their spread in the midstream bottom of the Tama River to evalu-
ate the occurrence and degree of antibiotic-resistant fecal coliforms (ARFCs).
The Klebsiella and Escherichia genera are the major isolates among ARFCs in
the Tama River. Fecal coliforms are used as an indicator of the bacteriological
quality of drinking water, and an increase in the ARFC concentration in the riv-
er changes gut flora ratios in animals, including humans, in whom this phe-
nomenon might lead to a serious public health issue [7]. Few studies have ex-
amined ESBL-producing bacteria from natural environments in Japan; however,
in a previous study, we conducted both double disc synergy testing (DDST) and
gene amplification followed by sequencing, confirming the production of ESBL
by a six-antibiotic-resistant isolate E. co/i strain in the Tama River that showed
the CTX-M-1 group gene [8].

The sewer penetration rate is currently near 100% in Tokyo and Kanagawa
and neither industrial nor domestic wastewater flows directly into the Tama
River. Reclaimed water from sewage treatment plants near the river accounts for
over 50% of all river water in both the down- and mid-stream areas of the Tama
River. Thus, the quality of the water of the Tama River, which contains
microflora, seems to be seriously affected by this reclaimed water. Several recent
studies have assessed the effects of sewage treatment plants on the environmen-
tal spread of ARB and their genes, examining coliform and antibiotic-resistant
(AR) pathogens in hospital wastewater [9], reporting on increases in ARB and
their genes in the environments due to wastewater treatment [10], comparing
environmental ARB and genes from urban wastewater treatment plants in 7 Eu-
ropean countries [11], analyzing decreases in and remaining ARB in post-treated
effluents in India [12], and studying the presence of AR genes in a sewage treat-
ment plant in the USA [13]. Nevertheless, few such studies have been carried out

in Japan. The purpose of the present study was to report the behavior of ARFCs
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in the stream of a sewage treatment plant in Tokyo.

2. Materials and Methods

2.1. Isolation of Antibiotic-Resistant Fecal Coliform-Like Bacteria

On July 17, 2018, we collected water samples from 4 compartments at a sewage
treatment plant in Tokyo. The 4 compartments were 1) in-flow sewage in the
sedimentation basin, 2) activated sludge in the aeration tank, 3) treated water,
and 4) the final effluent to the river after sterilization with sodium hypochlorite.
The samples were rapidly transported to the laboratory of Tokyo University of
Marine Science and Technology in sterile bottles on ice and were stored in a re-
frigerator at 4°C - 6°C. The isolation of fecal coliforms was carried out by a
modification of the method described by Ham et al [14]. Briefly, an aliquot from
each sample was spread onto MacConkey agar plates (Nissui Pharmaceutical
Co., Ltd., Tokyo, Japan) and cultivated at 44.5°C for 24 h. Growing red-colored
colonies were selected because the red colonies were thought to be coliform-like
bacteria and because the growth of cells at 44.5°C was also thought to be charac-
teristic of fecal bacteria. Single-colony isolation was performed on the colonies,
and the isolates were again cultivated at 44.5°C for 24 h and then stored at
-80°C.

2.2. Antibiotic Susceptibility Test on the Isolates

An antibiotic susceptibility test was performed on the isolates using the disc dif-
fusion method with the following 14 antibiotics, 8 of which have a flactam
structure: a penicillin compound (ampicillin, AMPC), 5 cephem compounds
(cefotaxime, CTX; cefoxitin, CFX; ceftazidime, CAZ; ceftriaxone, CTRX; and
cefpodoxime, CPDX), a monocyclic-lactam compound (aztreonam, ATM), 2
carbapenem compounds (imipenem, IPM; and meropenem, MEPM), 2 amino-
glycoside compounds (kanamycin, KM; and gentamicin, GM), a tetracycline
compound (tetracycline, TC), a quinolone compound (ciprofloxacin, CPFX),
and a chloramphenicol compound (chloramphenicol, CP). Each isolate was sus-
pended in 0.9% (w/v) physiological saline and the 0.5 McFarland standard was
used to adjust its turbidity. The suspensions were spread on the surface of
Mueller-Hinton agar plates (Nissui Pharmaceutical), antibiotic disks (Japan
Becton-Dickinson, Tokyo, Japan) were placed on the plates, and they were in-
cubated at 37°C for 24 h. Growth inhibitory zones around the disks were inter-
preted using the Clinical and Laboratory Standards Institute (CLSI) criteria [15].
The antibiotic susceptibilities of the isolates were evaluated for their degrees of

sensitivity (S), intermedium (I), and resistance (R).

2.3. Identification of the Isolates

The identification of each strain was performed by 16S rRNA gene amplification
and sequencing, followed by comparison of the sequence with homologous se-

quences deposited in a database. The total DNA in each fecal coliform isolate
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was extracted by the alkaline lysis method. The 16S rRNA genes were then am-
plified by polymerase chain reaction (PCR) using the forward primer 27F
(5-AGAGTTTGATCCTGGCTCAG-3’), and the reverse primer 1492R (5’-GGC
TACCTTGTTACGACTT-3’). The sequencing was carried out by Eurofins Ge-
nomics (Tokyo, Japan). The 16S rRNA gene sequence of the isolates was sub-
jected to a basic local alignment search tool (BLAST) analysis using the US Na-
tional Center for Biotechnology Information (NCBI) databases.

2.4. Detection Test for ESBL-Producing Bacteria

First, the ESBL production test was performed for the multi-ARB strains by
conducting double disc synergy test (DDST), using a Sensi Disc of AMPC/CVA
along with CTX, CAZ, and ATM (Japan Becton-Dickinson). Second, in the
ESBL-producing bacteria-like strains, ESBL-encoding genes were amplified by
PCR using specific primers for the CTX-M-1 group, CTX-M-2 group, CTX-M-9
group, TEM group, SHV group, and ampC [16] [17] [18] under the conditions
shown in Table 1. The sequencing was carried out by Eurofins Genomics. The

sequences were subjected to a BLAST analysis of the NCBI databases.

3. Results

3.1. Isolation of Antibiotic-Resistant Fecal Coliform-Like Bacteria

Figure 1 shows the colony forming units (CFUs) of fecal coliform-like bacteria

Table 1. ESBL gene primers and PCR conditions.

Primer name Primer sequences 5'-3' Der:aturation Aromealing El?ngation Cycle PCR
(°C/sec) (°C/sec) (°Clsec) products
CTX-M-1 group F-GCTGTTGTTAGGAAGTGTGC 94/60 55/60 72/90 30 516
R-CCATTGCCCGAGGTGAAG
CTX-M-2 group (*) F-ACGCTACCCCTGCTATTT 94/60 55/60 72/90 30 779 or 780
R-CCTTTCCGCCTTCTGCTC
CTX-M-9 group (**) F-GCAGATAATACGCAGGTG 94/60 55/60 72/90 30 393
R-CGGCGTGGTGGTGTCTCT
TEM group (***) F-CCGTGTCGCCCTTATTCC 94/60 55/60 72/90 30 824
R-AGGCACCTATCTCAGCGA
SHYV group (****) F-ATTTGTCGCTTCTTTACTCGC 94/60 55/60 72/90 30 1051
R-TTTATGGCGTTACCTTTGACC
ampC F-GGGGCGGTTTCTCATGCAGCCAACG 94/60 55/60 72/90 30 1313
R-GAAGCGCTCATGGCACCATCATAGCC
(*) only in A-12 95/30 63/30 72/60
(**) only in D-18 94/60 58/60 72/120 35
(***) only in A-12 95/30 63/30 72/60
(***) only in D-18 95/30 61/30 72/60
(¥***) only in A-12 95/30 63/30 72/60
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Figure 1. Colony forming units (CFUs) of fecal coliform-like bacteria in the stream water
of the sewage treatment plant. (1) In-flow sewage in the sedimentation basin; (2) Acti-
vated sludge in the aeration tank; (3) Treated water; (4) Final effluent to the river after
sterilization with sodium hypochlorite. The bar graph values are the means of triplicate
trials, with their standard deviation (SD) values.

in the stream water of the sewage treatment plant. Each CFU was approximately
5.1 x 10° in the in-flow sewage in the sedimentation basin (1), approximately 8.0
x 10° in the activated sludge in the aeration tank (2), approximately 1.4 x 10’ in
treated water (3), and approximately 7.0 x 10 in the final effluent to the river af-
ter sterilization with sodium hypochlorite (4). The CFUs gradually decreased
from (1) to (4) and fecal coliform cells were found to be living at low concentra-
tions in the final effluent even after sterilization with sodium hypochlorite. Hy-
pochlorite sterilization conditions for fecal coliforms have been thoroughly re-
searched [19] and the final effluent from sewage treatment plants is generally
sterilized at a strength sufficient to kill bacteria completely. It remains unknown
why some cells in the sterilization tank survive, but recent studies have reported
that biofilm formation by various kinds of bacteria leads to a remarkable in-
crease in their stability against environmental stress [20] [21] [22]. It is thought
that the existence of fecal coliform biofilm in the tank might prevent sterilization

of the bacteria by sodium hypochlorite.

3.2. Identification and Antibiotic Susceptibility
of Fecal Coliform-Like Bacteria

Table 2 shows all the isolates in the sewage plant and their strain numbers fol-
lowed by their antibiotic susceptibility. There were 64 strains of isolates and all
were found to be fecal coliforms. In (1), we found 13 strains including 2 genera

and 3 species (Escherichia coli, Klebsiella pneumoniae, and K. quasipneumoniae);
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Table 2. Identification of coliform-like bacteria and their antibiotic susceptibility in the sewage treatment plant.

Compartment Species S;r]zin AMPC CTX CAZ CEFX IPM MEPM ATM CTRX CPDX KM GM TC CPEX CP
(1) Klebsiella pneumoniae ~ A-1 R S S S S S S S S I s S S S
Klebsiella pneumoniae  A-2 R S S S S S N S S I S S S S
Escherichia coli A-3 S N S S S S N N S I S S N N

Escherichia coli A-4 R N S S S S S S S R S R R R

Klebsiella pneumoniae  A-5 R S S S S S N S S N S S S S

Klebsiella pneumoniae  A-6 I S S S S S N S S N S S S S

Klebsiella pneumoniae  A-7 R S S S S S N S S N S S S S
Escherichia coli A-8 R N S S S N N N N S S R S S

Escherichia coli A-9 S N S S S S N N S s S S S S

Escherichia coli A-11 S N S S S S N N S I S S S S

Klebsiella pneumoniae  A-12 S R S R S S R I S s S S S S

Klebsiella quasipneumoniae A-13 I N S S S S S N S s S S S S
Escherichia coli A-14 S N S S S S S N S R S R S S

2) Klebsiella pneumoniae C-1 R S S S S S S S S S S S S S
Escherichia coli C-2 R N S S S S S N S s S S S S

Klebsiella quasipneumoniae  C-4 R N S S S S S N S s S S S S
Escherichia coli C-5 S S S S R S N S S I R S N S

Klebsiella variicola C-6 R S S S S S S S S S N S N S

Klebsiella pneumoniae ~ C-7 I S S N N S S S S s S S N N

Klebsiella pneumoniae ~ C-9 R S S N N S S S N s S S N N

Klebsiella pneumoniae ~ C-10 R S S N N S S S S s S S N N

Klebsiella pneumoniae  C-11 R S S N N S S S S s S S N N
Escherichia coli C-12 I S S S S S S S S S S S S S

Enterobacter cloacae C-13 I S S R S S S S S s s S S S

Klebsiella pneumoniae ~ C-14 R S S S S S S S S S S S S N
Escherichia coli C-15 R S S S S S S S S s s S S S

Klebsiella quasipneumoniae C-17 R N S N N S N N S S S S S S
Kilebsiella oxytoca C-18 R S S S S S S S N S S S S N

Escherichia coli C-19 R N S S S S N N S s S S S S

Klebsiella pneumoniae  C-20 R S S S S S S S S S S S S S

Klebsiella pneumoniae  C-21 R S S S S S S S S S S S S S

Klebsiella pneumoniae  C-22 R S S S S S S S S S S S S I
Citrobacter spp C-23 R S S S S S S S S S S S S S

3) Klebsiella pneumoniae D-1 I S S S S S S S S I I S S S
Citrobacter freundii D-2 I N S S S S S N S s S S S S
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Continued
Klebsiella pneumoniae  D-3 I N S S S S S N S S S S S S
Klebsiella pneumoniae  D-4 R S S S S S S S S N S S S S
Klebsiella pneumoniae  D-5 R S S S S S N S S N S S S S
Escherichia coli D-6 R S S S S S S S S I S R S S
Escherichia coli D-8 R S S S S N S S N s s S S S
Klebsiella quasipneumoniae  D-9 R N S N N S N N S S S S S S
Escherichia coli D-10 R S S S S S S S S I R R R S
Escherichia coli D-11 R S S S S S S S S S S S S S
Citrobacter freundii D-12 R S S I S S S S N s S S S S
Klebsiella pneumoniae  D-13 I S S S S S S S S S S S S N
Escherichia coli D-14 R S S S S S S S S S S S S S
Klebsiella pneumoniae  D-15 R S S S S S N S S N S S S S
Klebsiella pneumoniae  D-16 R S S S S S N S S N S S S S
Escherichia coli D-18 R R I S S S N R R s S S S S
(4) Klebsiella pneumoniae B-1 S S S S S S S S S S S S S S
Escherichia coli B-2 S N S S S S N N S I S S S S
Escherichia coli B-3 S N S S S N N N S I S S S S
Klebsiella quasipneumoniae  B-6 R N S S S S S N S I S S S S
Klebsiella quasipneumoniae  B-7 R R R S S S R R R I S S S S
Klebsiella pneumoniae ~ B-8 R R S R S S S R R I S S S S
Escherichia coli B-9 S N S S S S S N S s S S S S
Klebsiella pneumoniae  B-11 R N S I S S R N S I S S S S
Klebsiella quasipneumoniae B-12 R N S S S S S N S s S S S S
Klebsiella pneumoniae  B-13 R I I N I I S S S s § S N N
Escherichia coli B-16 S S S S S S S S S S N S N S
Escherichia coli B-17 S I S S S S N S S S S R N S
Escherichia coli B-18 S S S S S S S S N S N S N N
Escherichia coli B-19 S S S S S S S S S S N S N S
Escherichia coli B-20 S S S S S S S S S S N S N S

(1) In-flow sewage in the sedimentation basin; (2) Activated sludge in the aeration tank; (3) Treated water; (4) Final effluent to the river after sterilization
with sodium hypochlorite; AMPC, ampicillin; CTX, cefotaxime; CAZ, ceftazidime; CFX, cefoxitin; IPM, imipenem; MEPM, meropenem; ATM, aztreonam;
CTRX, ceftriaxone; CPDX, cefpodoxime; KM, kanamycin; GM, gentamicin; TC, tetracycline; CPFX, ciprofloxacin; CP, chloramphenicol; S, sensitivity; I,

intermedium; R, resistance.

in (2), we found 20 strains including 4 genera and 7 species (Citrobacter spp.,
Enterobacter cloacae, E. coli, K. oxytoca, K. pneumoniae, K. quasipneumoniae
and K. variicola); in (3), we found 16 strains containing 3 genera and 4 species
(C. freundii, E. coli, K. pneumoniae, and K. quasipneumoniae); and in (4), we

found 15 strains containing 2 genera and 3 species (E. coli, K. pneumoniae, and
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K. quasipneumoniae). There were a total of 25 E. coli strains (39% of 64 isolates)
and 26 K. pneumoniae strains (41% of 64) from the sewage treatment plant. Seven
strains showed sensitivity against all antibiotics, 37 showed mono-resistance or
mono-intermedium, and 20 showed multi-resistance or multi-intermedium. At
the sewage plant in the present study, there were 11 multi-ARB strains (17% of
all fecal coliforms).

Figure 2 shows the numbers of ARFCs isolated from the stream water of the
sewage treatment plant. The ratios of multi-ARFCs to all antibiotic-resistant and
intermedium FCs were 33% in (1), 5% in (2), 25% in (3), and 33% in (4). Mul-
ti-ARFCs were also found to survive even after sterilization treatment, and then

seemed to increase in the metropolitan aquatic environment.

3.3. Detection of ESBL-Producing Bacteria

Antibiotic susceptibility testing showed the following candidate strains of
ESBL-producing bacteria: Klebsiella pneumoniae A-12 having CTX-, CFX-, and
ATM-resistance in (1); Escherichia coli D-18 having AMPC-, CTX-, CTRX-, and
CPDX-resistance in (3); K. quasipneumoniae B-7 having AMPC-, CAZ-, CTX-,
CTRX-, CPDX-, and ATM-resistance in (4); K. pneumoniae B-8 having AMPC-,
CTX-, CTRX-, CPDX-, and CFX-resistance in (4); and K. pneumoniae B-11
having AMPC- and ATM-resistance in (4), as shown in Table 3. These strains
were examined using the DDST and amplification of ESBL-encoding genes in
order to ascertain their ESBL production.

Table 4 shows the DDST results for the candidate strains of ESBL-producing
bacteria. K. pneumoniae A-12 was pseudo-positive for the CTX-M-2, TEM, and
SHYV groups. E. coli D-18 was positive for the CTX-M-1 and TEM groups, as was

B Intermedium OMono-resistant & Multi-resistant

_

20
18 A\

S
7
/4

10

Number of Isolates

(1) (2) (3) (4)

Figure 2. Numbers of ARFCs isolated from the stream water of the sewage treatment
plant. (1) In-flow sewage in the sedimentation basin; (2) Activated sludge in the aeration
tank; (3) Treated water; (4) Final effluent to the river after sterilization with sodium hy-

pochlorite.

DOI: 10.4236/aim.2020.107023

325 Advances in Microbiology


https://doi.org/10.4236/aim.2020.107023

N. Urano et al.

Table 3. Candidate strains for ESBL-producing bacteria by antibiotic susceptibility tests.

Strain Identification Q L::] ?j E >D< b E E S s S O a e
No. Species e-Value Homology E O o 5 & O < E & 8 U B O &
A-12 Klebsiella pneumoniae 0.0 99% N S R I S R R N S N N S N S
D-18 Escherichia coli 0.0 99% R I R R R S S N S N S S N S
B-7  Klebsiella quasipneumoniae 0.0 99% R R R R R N R N S I N S N S
B-8 Klebsiella pneumoniae 0.0 99% R S R R R R S N S I N S N S
B-11 Klebsiella pneumoniae 0.0 99% R S S S S I R N S I S S S S

AMPC, ampicillin; CAZ, ceftazidime; CTX, cefotaxime; CTRX, ceftriaxone; CPDX, cefpodoxime; CFX, cefoxitin; ATM, aztreonam; MEPM, meropenem;
IPM, imipenem; KM, (kanamycin; GM, gentamicin; TC, tetracycline; CP, chloramphenicol; CPFX, ciprofloxacin; S, sensitivity; I, intermedium; R, resistance.

Table 4. Double disc synergy testing (DDST) of ESBL-producing candidates.

Primer CTX-M-1 CTX-M-2 CTX-M-9 TEM SHV
Strain group group group group group ampC
Klebsiella pneumoniae A-12 - + - + + -
Escherichia coli D-18 + - - + — _
Kilebsiella quasipneumoniae B-7 + - - + - -
Klebsiella pneumoniae B-8 - - + + - _

Klebsiella pneumoniae B-11

+, positive; *, pseudo-positive; —, negative.

K. quasipneumoniae B-7. K. pneumoniae B-8 was positive for the CTX-M-9 and
TEM groups. And K. pneumoniae B-11 was pseudo-positive for the TEM group.
All five strains were assayed by the amplification of ESBL-encoding genes.

Table 5(a) and Table 5(b) show the results of the amplification of ESBL-encoding
genes (AEEG) for ESBL-producing bacteria-like strains. The homology of
AEEG sequences in the BLAST analysis is summarized in Table 5(a). In XK.
pneumoniae A-12, the product amplified by the TEM primer showed 93%
homology to TEM f-lactamase in Burkholderia sp. LLH-SIr-7 and that amplified
by the SHV primer showed 83% homology to Class A S-lactamase SHV-152 in
K. pneumoniae, but that amplified by the CTX-M-2 primer showed only 54%
homology to lipoate-protein ligase LplA in K. pneumoniae. In E. coli D-18, the
product amplified by the TEM primer showed 97% homology to blaTEM-84_1_
AF427130 and that amplified by the CTX-M-1 primer showed 92% homology to
Plactamase CTX-M-1 in K. pneumoniae. In K. quasipneumoniae B-7, the prod-
uct amplified by the CTX-M-1 primer showed 98% homology to Slactamase
CTX-M-15 and that amplified by the TEM primer showed 96% homology to
class A ESBL TEM-143 in E. coli. In K. pneumoniae B-8, the product amplified
by the CTX-M-9 primer showed 94% homology to ESBL CTX-M-14 in K.
pneumoniae while that amplified by the TEM primer showed only 61% homol-
ogy to f-lactamase TEM in E. coli. In K. pneumoniae B-11, the product ampli-
fied by the TEM primer showed 98% homology to TEM f-lactamase in E. coll.
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Table 5. (a) Homology of ESBL-encoding gene sequences in the BLAST analysis (*). (b) ESBL-encoding genes for ESBL-producing

candidates.
(a)
Strain Primer Results of search for ESBL-encoding gene sequence homology e-Value Homology
Al2 TEM TEM p-lactamase, partial [ Burkholderia sp. LLH-SIr-7] 6.00E-141 93%
Al2 CTX-M-2 Lipoate-protein ligase LplA, partial [ Klebsiella pneumoniael 5.00E-32 54%
Al12 SHV Class A B-lactamase SHV-152 [ Klebsiella pneumoniael 3.00E-155 83%
D18 CTX-M-1 P-lactamase CTX-M-1, partial [ Klebsiella pneumoniae) 9.00E-84 92%
D18 (**) TEM BIaTEM-84_1_AF427130 [ Klebsiella pneumoniael 1.00E-167 97%
B7 CTX-M-1 P-lactamase CTXM-15 [ Escherichia coli] 2.00E-103 98%
B7 (**) TEM Class A extended-spectrum SB-lactamase TEM-143 [ Escherichia coli] 6.00E-167 96%
B8 CTX-M-9 Extended-spectrum f-lactamase CTX-M-14, partial [ Klebsiella pneumoniae) 6.00E-46 94%
B8 TEM P-lactamase TEM [ Escherichia coli] 6.00E-72 61%
B11 (**) TEM TEM p-lactamase, partial [ Escherichia coll] 8.00E-94 98%
(*) A BLAST analysis was used to search for sequence homology (http://blast.ncbi.nlm.nih.gov/Blast.cgi). (**) Carried out with Taq polymerase treated with
DNase.
(b)
Primer CTX-M-1 CTX-M-2 CTX-M-9 TEM SHV ampC
Strain group group group group group
Kilebsiella pneumoniae A-12 - - - + + -
Escherichia coliD-18 + - - + - -
Klebsiella quasipneumoniae B-7 + - - + - -
Klebsiella pneumoniae B-8 - - + - - -
Klebsiella pneumoniae B-11 - - - + - -

=+, positive; —, negative.

Therefore, the five strains of the ESBL-producing candidates were found to
have ESBL-encoding genes as follows: K. pneumoniae A-12 was positive for the
TEM and SHV groups; E. coli D-18 and K. quasipneumoniae B-7 were positive
for the CTX-M-1 and TEM groups; K. pneumoniae B-8 was positive for the
CTX-M-9 group; and K. pneumoniae B-11 was positive for the TEM group
(Table 5(b)). The positive and pseudo-positive groups identified by DDST were
partially different from the groups identified as positive in AEEG. In conclusion,
all five strains were found to be ESBL-producing bacteria having one or two

kinds of ESBL-encoding genes.

4. Discussion

Extreme environmental destruction occurred during the high economic growth
period in the 1960s and 1970s in Japan. Aquatic areas in metropolitan areas
(rivers, lakes, marshes, canals, coasts, etc.) were filled with trash, oil, and deter-

gent foam, accompanied by an unbearable stench, and seemed to be essentially
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lifeless. In the 1960s, the sewer penetration rate was about 20% - 40% in Tokyo
and both industrial and domestic wastewater was leaked directly into aquatic
areas. Over 50 years have passed since then and the quality of outdoor water has
improved remarkably; the sewer penetration rate is now about 100% in Tokyo.
Reclaimed water from sewage treatment plants accounts for over 50% of all wa-
ter in both the down- and mid-stream areas of local rivers and the quality of
their water, which contains microflora, seems to be seriously affected by this re-
claimed water [23].

We are now confronting a new threat in the prevalence of ARB followed by
epidemic spread in aquatic environments in metropolitan areas because damage
from river floods is increasing remarkably due to global extreme weather. As
mentioned in the Introduction above, several studies have reported on ARB in
sewage treatment plants and their environmental spread worldwide [9] [10] [11]
[12] [13]. However, there have been few studies on the relationship between the
spread of ARB and sewage treatment plants in Japan. In our previous study, we
found that ESBL-producing bacteria inhabit the Tama River in Tokyo [8] and in
the present study, we also found that ESBL-producing bacteria live in the final
effluent to the river after sterilization with sodium hypochlorite. Thus, ARB
contamination in the sewage treatment plant is thought to be directly connected
to the prevalence of ARB in aquatic environments, and more thorough steriliza-
tion of microorganisms in the effluents is indispensable. However, there is the
risk of increasing environmental pollution with increased concentrations of dis-
infectants such as sodium hypochlorite. The combination of ozone treatment
with chemicals also seems to be valid for sterilization [24]. Future studies should
aim to develop a complete sterilization method for ARB without river pollution

in the final effluent from sewage treatment plants.

5. Conclusion

We collected water samples on July 17, 2018 and examined the behavior of anti-
biotic-resistant fecal coliforms in the stream of a sewage treatment plant in Tokyo.
Fecal coliforms containing mainly Escherichia coli and Klebsiella pneumoniae
with extended-spectrum p-lactamase (ESBL)-encoding genes were found; the
CTX-M-1, CTX-M-9, TEM, and SHV groups survived in the final effluent to the

river after sterilization with sodium hypochlorite.
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