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Elucidation of source and environmental behavior of antibiotic-resistant
bacteria and resistance genes by microbial source tracking
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The goal of this research is to quantitatively elucidate the behavior of
antibiotic-resistant bacteria (ARB) and resistance genes (ARGs) from their source to their release
into the water environment via wastewater treatment plants (WWTPs). The objective was to accumulate
basic data that would contribute to the elucidation of the source of ARB and ARGs entering WWTPs and

the behavior of ARB and ARGs discharged from WWTPs in the water environment.

We investigated the existence of ARB and ARGs in hospital wastewater, WWTPs, and river water, and
suggested that the effect of hospital wastewater on ARB entering WWTPs and the influence of WWTPs
effluent on ARB in river water were not significant. Therefore, further analysis is needed to
investigate the effect of horizontal gene transfer of ARGs on the occurrence of ARB and to broaden
the study area such as livestock wastewater and fish farm wastewater.



ARB

Jim O’Neill
ARB
1)
ARB
ARB
2
ARB
ARB
ARB
5,6
2
ARB ARGs
ARB ARGs
ARB ARGs
2020 9 2021 9
R2A
100
+ 1.0
17 B-
B_
CXM  B-
CAZ CTX B-
AMK
TC
AZM
VCM NA
CLSI
16SrRNA
blajmp-1
ARB ARGs
2022 6 15 2
100
16S rRNA
B_
6 Amber ClassA

b|a|Mp blav|M bIaNDM Amber ClassD

ARB
70
2050 1,000
1
WHO
ARB ARGs
1
3
ARGs
4 ARB
ARB ARGs
ARB ARGs
ARB ARGs ARB ARGs
ARB ARGs
ARB ARGs
ARB ARGs
Nutrient 35
ABPC AMPC
CET B-
MEPM
GM KM
CP
EM
CPFX
PCR
A B
17

blakpe blages Amber ClassB
blaoxa-4s-like PCR



ARB ARGs

6
2020 10 28 1 2021 9 30 2 2021
11 8 3 2022 1 25 4 2022 5 25 5
2022 8 29 6 6 1
2
100 17
16SrRNA
p- 5.
6 blakee blages blame blavim blanpom

blaoxa-4g-iike PCR

ARB ARGs
12 107 CFU/mL
16S rRNA
Aeromonas 80
Klebsiella 5-10%
B- ABPC
AMPC VCM 100%
B- CET 80 B-
CXM EM
KM 40% EM 2020 10
2020 11 60-70% NA
3 10 2020 12 2021 1
80% AZM
CP 20 B- CAX CTX
MEPM
TC CPFX 10%
AMK GM
12 1,130 Aeromonas Klebsiella
2 blayp1 2 B-
9-10
ARB ARGs
A 1.1 x 10® CFU/mL 1.5 x 10% CFU/mL
B 9.9 x 10* CFU/mL 6.5 x 10> CFU/mL
A Acinetobacter 39% B Cloacibacterium 26%
Acinetobacter 25% A B
Bacillus A 69 B 80% Bacillus
1 2
A CET 45/64 70% ABPC 24/64 38% EM

24/64 38% AZM 22/64 34% NA 21/64 33%
CXM 18/66 27% CAZ 14/66 21% ABPC 13/66 20%

64 3
66 44 ARB B-
b|aKpc 1 B
CET 29/43 85% NA 18/43 53% EM 16/43 47% ABPC 14/43
41% ABP CXM 13/18 72% CAZ CTX
12/18 67% CET 11/18 61% B
Bacillus
ARB
ARB ARGs
6 2 1.9 x 10° - 8.3 x 10* CFU/mL

16.0- 34.8%



16SrRNA

Acinetobacter spp.  Aeromonas spp. 2 66
3
20 1 B-
ABPC AMPC CET
4 661 533 B -
B-
blakee 54 10.1%
blaywp
AT ARSLIRIG 7 A K BT AKALIR 57 A K
u Cloacibacterium sp.
Acinetobacter sp. Acinetobacter sp.
¥ Acidovorax sp. \ = Acidovorax sp.
u Cloacibacterium sp. .k = Aeromonas sp.
= Aeromonas sp. ' = Chryseobacterium sp..
= Enterobacter sp. = Dechloromonas sp..
Aquaspirillum sp.
AT RAIRH UK BT KALIR A5 AT K
= Brcius . ~Bacillus sp.
Mycobacterium sp.. \ =Mycolicibacterium sp.
= Pseudomonas sp. “Microbacterium sp.
uPseudomonas sp..
= Mycolicibacterium sp. -
= Microbacterium sp. uSphingopyxis sp.
1
AT AR TTEAK BT KA A K
100% 100%
80% 80%
60% 60%
40% 40%
0% 0%> nnnngxo>-‘nmz<zn
HEEFFEHE LR FEE TIEIEgFIIEASREESS
OS(&tE) ouPR) mR(E) OS(EtE) ouPR) mR(H %)
AT RAIR I BT K BT KA BT K
100% 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0% i
os(&E) ok =R Os(&tE) oukh) mR(E)

2




ARB ARGs RAKERY, AEEBHIORESA-REC LOBNE (%)

100%
90%
ARB ARGs 80%
708
ARB ARGs : m —
ARB ARGs
40%
30%
ARB - U
10%
ARB o - -
m @ ) 12) ) @ ) 2) m @ a 2)
OBERIR OXAR GWIR  GRIR  ORIE  ORAR
O Aeromonas spp. [ Acinetobacter spp. [ Pseudomonas spp.
[ enterobacter spp. [ Klebsiella spp. B #o#:
3
ARB  ARGs ARGs
ARGs
L SICHM ABPC AMP A ] KM | GM | AMK | TC | CP | EM | AZM | VCM | NA | CPFX
DB+ R1®| 39.2%39.2% 19.6% 7.8% 15.7% |29.4% |31.4% | 15.7% 19.6% | 43.1%
@XA®R 49.0% 54.9% |39.2% | 23.5% | 17.6% | 21.6% | 19.6% | 17.6% 43.1% 33.3% 15.7%
W) |43.1% |41.4% 8.6% 5.2% 34.5% 34.5% 8.6%
@mIR 47.7%|40.9% | 4.5% 6.8% 6.8% 11.4% [50.0% | 36.4% 22.7%
I 60.7% | 6.6% 45.9%(11.5% | 25.0%
©BAR |40.4%44.2% 36.5% 9.6% | 9.6% 9.6% | 9.6% 48.1% [32.7% | 16.7%
%20 AMP KM | GM (AMK | TC | cP | EM | AZM | VvCM | NA | CPFX
DB+ R#MR|44.3%|45.9% |60.7% 23.0% 21.3% 6.6% | 9.8% | 9.8% | 8.2% (13.1% 49.2% 8.2% | 8.2%
@XAM® |55.0%|53.3% 25.0% |15.0% [21.7% 8.3% | 8.3% | 8.3% 10.0% 40.0% 30.0% 11.7%
IR [59.2%53.1% |57.1% 20.4% 22.4% | 61% 6.1% 10.2% 18.4% 8.2%
@mniR 19.3% |17.5% | 31.6% | 24.6% | 38.6% | 35.1% | 38.6% 15.8% |54.4% | 31.6% 10.5%
G| |57.6% 47.5%11.9% [11.9% | 15.3% | 6.8% |11.9% |11.9% | 6.8% 11.9% |49.2% | 30.5% 27.1%
CORAR |soms 41.4% |50.0% | 13.8% |10.3% | 20.7% 32.8% | 13.8% | 20.0% | 19.0%
4

1) O’Neill et al. (2014) The Reviewon Antimicrobial Resistance.

2) (2016) AMR
2016-2020.

3) Rizzo et al. (2013) Sci. Total Environ. 447, 345-360.

4) Nagulapally et al. (2009) Water Environ. Res. 81, 82-90.

5) FerreiradaSilvaet al. (2007) FEM SMicrobiol. Ecol. 60, 166-176.

6) Luczkiewicz et al. (2010) Water Res. 44, 5089-5097.



3 3 1 3

Takashi Furukawa, Mohan Amarasiri, Takahisa Ueno, and Kazunari Sei 58(1)

Summary and perspectives on current disinfection technologies in reducing antibiotic resistant 2022
bacteria and their resistance genes

Japanese Journal of Water Treatment Biology 9-24

DOl
10.2521/jswtb.58.9

Takashi Furukawa, Tohru Mekata, Mohan Amarasiri, and Kazunari Sei 30

Concentration and reduction efficiency of vancomycin-resistant heterotrophic bacteria and vanA 2022
and vanB genes in each wastewater treatment unit processes

Journal of Global Antimicrobial Resistance 340-347

DOl
10.1016/j . jgar.2022.07.008

Mohan Amarasiri, Tsubasa Takezawa, Bikash Malla, Takashi Furukawa, Jeevan B. Sherchand, Eiji 13
Haramoto, and Kazunari Sei

Prevalence of antibiotic resistance genes (ARGS) in drinking and environmental water sources of 2022
the Kathmandu Valley, Nepal

Frontiers in Microbiology 894014

DOl
10.3389/fmicb.2022.894014

16 0 10

Mizuki Ogino, Yukiko Kobayashi, Jo Yonemoto, Tatsuru Kamei, Mohan Amarasiri, Takashi Furukawa, and Kazunari Sei

Abundance of antimicrobial resistant bacteria and their resistance profiles in Sagami River basin

Water and Environment Technology Conference 2021 (WET2021)

2021




Jo Yonemoto, Mizuki Ogino, Nagi Niida, Ryotaro Eda, Shotaro Maehana, Mohan Amarasiri, Takashi Furukawa, Hidero Kitasato, and
Kazunari Sei

Abundance of antimicrobial resistant bacteria and their antimicrobial resistant profiles in hospital sewage

Water and Environment Technology Conference 2021 (WET2021)

2021

Mizuki Ogino, Yukiko Kobayashi, Jo Yonemoto, Tatsuru Kamei, Mohan Amarasiri, Takashi Furukawa, and Kazunari Sei

Abundance of antimicrobial resistant bacteria and their resistance profiles in Sagami River basin

The 13th International Joint Workshop on Advanced Engineering Technology for Environment and Energy (The 13th AETEE)

2021

Jo Yonemoto, Mizuki Ogino, Nagi Niida, Ryotaro Eda, Shotaro Maehana, Mohan Amarasiri, Takashi Furukawa, Hidero Kitasato, and
Kazunari Sei

Abundance of antimicrobial resistant bacteria and their antimicrobial resistant profiles in hospital sewage

The 13th International Joint Workshop on Advanced Engineering Technology for Environment and Energy (The 13th AETEE)

2021

Amarasiri Mohan

55

2021




Amarasiri Mohan

55

2021

, Mohan Amarasiri, , Bikash Malla, ,

56

2022

Hiroki Kobayashi, Mohan Amarasiri, Takashi Furukawa, Daisuke Sano, and Kazunari Sei

Disinfection of extracellular antimicrobial resistant genes (ARGS) using free chlorine (Cl), peracetic acid (PAA), and
performed acid (PFA)

Water and Environment Technology Conference 2022 (WET2022)

2022

Mizuki Ogino, Miku Kanazashi, Shiori Kambara, Tatsuru Kamei, Mohan Amarasiri, Takashi Furukawa, and Kazunari Sei

Abundance of antimicrobial resistant bacteria and their resistance profiles in Sagami river basin

Water and Environment Technology Conference 2022 (WET2022)

2022




Tsubasa Takezawa, Mohan Amarasiri, Takashi Furukawa, Bikash Malla, Jeevan B. Sherchand, Eiji Haramoto, and Kazunari Sei

Prevalence of antibiotic resistance genes in drinking and environmental water sources of the Kathmandu Valley, Nepal

International Water Association World Water Congress & Exhibition 2022 (IWA World Water Congress & Exhibition 2022)

2022

Hiroki Kobayashi, Mohan Amarasiri, Ryuji Ampo, Takashi Furukawa, Daisuke Sano, and Kazunari Sei

Disinfection of extracellular antibiotic resistance genes using peracetic acid (PAA) and performic acid (PFA)

International Water Association World Water Congress & Exhibition 2022 (IWA World Water Congress & Exhibition 2022)

2022

Mizuki Ogino, Miku Kanazashi, Shiori Kambara, Tatsuru Kamei, Mohan Amarasiri, Takashi Furukawa, and Kazunari Sei

Identification of possible origins of ARB in river environments

6th International Symposium on the Environmental Dimension of Antibiotic Resistance (EDARG)

2022

, Mohan Amarasiri, , , ’

57

2023




, Mohan Amarasiri,

57

2023

, Mohan Amarasiri,

57

2023

, Mohan Amarasiri,

57

2023

(Amarasiri Mohan)

(50815537)

(32607)




(Kamei Tatsuru)

(80792168) (13501)
(Furukawa Takashi)
(90632729) (32607)

Tribhuvan University




