
O R I G I N A L  R E S E A R C H

Comprehensive Genomic Survey of 
Antimicrobial-Resistance Bacteria in the Sewage 
Tank Replacement with Hospital Relocation

Miwa Katagiri 1,2 

Makoto Kuroda 2 

Tsuyoshi Sekizuka 2 

Norihide Nakada 3 

Yukitaka Ito 4 

Masanobu Otsuka4 

Manabu Watanabe 1 

Shinya Kusachi1

1Department of Surgery, Toho University 
Ohashi Medical Center, Meguro-ku, 
Tokyo, Japan; 2Laboratory of Bacterial 
Genomics, Pathogen Genomics Center, 
National Institute of Infectious Diseases, 
Shinjuku-ku, Tokyo, Japan; 3Research 
Center for Environmental Quality 
Management, Graduate School of 
Engineering, Kyoto University, Otsu-shi, 
Shiga, Japan; 4Division of Clinical 
Microbiology Laboratory, Toho 
University Ohashi Medical Center, 
Meguro-ku, Tokyo, Japan 

Background: Excrement containing antimicrobial-resistant bacteria (ARB) is discharged 
from the hospital sewage through wastewater treatment plants (WWTP) into rivers, increas-
ing the antimicrobial resistance (AMR) burden on the environment.
Purpose: We illustrate the contamination of hospital sewage tanks with ARB harboring 
antimicrobial resistance genes (ARGs) using comprehensive metagenomic sequencing. 
During the study period, we moved to a new hospital building constructed for renovation. 
Therefore, we investigated the difference in bacterial flora in the sewage tanks for each 
building with different departments, and the change in bacterial flora over time in new 
sewage tanks. Furthermore, we performed a comparative genome analysis of extended 
spectrum β-lactamase (ESBL)-producing organisms (EPOs) from hospital sewage and clin-
ical samples. Residual antibiotics in the sewage tank were also measured.
Methods: Metagenomic analysis was performed on the hospital sewage samples, followed 
by whole genome sequencing of EPOs.
Results: The bacterial composition of new sewage tanks was comparable with that of 
old tanks within 1 month after relocation and was instantly affected by excrement. The 
bacterial composition of sewage tanks in the old and new buildings, containing rooms 
where seriously ill patients were treated, was similar. Selection on CHROMagar ESBL 
allowed detection of EPOs harboring blaCTX-M and carbapenemase genes in all sewage 
tanks. One of the sewage Escherichia coli strain comprising ST393 harboring 
blaCTX-M-27 corresponded to the clinical isolates based on core genome analysis. 
Moreover, the levels of levofloxacin and clarithromycin in the hospital sewage were 
0.0325 and 0.0135 µg/mL, respectively.
Conclusion: Hospital sewage was contaminated with many ARB species, ARGs and 
residual antibiotics, which can cause a burden on WWTP sewage treatment. The bacterial 
flora in the sewage tank was rapidly affected, especially by the ward with seriously ill 
patients. AMR monitoring of hospital sewage may help detect carriers prior to nosocomial 
ARB-associated outbreaks and control the outbreaks.
Keywords: hospital sewage, antimicrobial resistance, antimicrobial resistance gene, 
metagenome analysis, whole genome sequencing, residual antimicrobial reagents

Introduction
The Global Action Plan on Antimicrobial Resistance drafted by the World Health 
Organization1 states that there is a need to understand the impact of human activities on 
the environment, particularly the spread and transfer of antimicrobial resistance genes 
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(ARGs) and strains. The isolation rates of antimicrobial- 
resistant bacteria (ARB) are lower in Japan than those in 
other countries, but are steadily increasing.2

In several countries, extended spectrum β-lactamase 
(ESBL)-producing Escherichia coli or carbapenemase- 
producing organisms have been detected from water 
environments,3 wastewater treatment plants (WWTP), treated 
water,4,5 and hospital sewage,4,6 and Japan is no exception.7,8 

In particular, hospital wastewater contaminated by ARB and 
residual antibiotics may generate selective pressure for the 
development of ARB,9,10 and is considered a hot spot for the 
growth and propagation of ARB.6

Similar to the general sewage system, hospital sewage 
is also discharged into a public WWTP and treated by 
filtering, microbiological treatment, and chlorination, 
after which the effluent is discharged into a nearby river. 
Although it is not yet clear whether the hospital waste-
water-related ARB disseminate into the waterbodies, ARB 
is observed to exhibit deleterious effects on human health. 
In recent years, management strategies for ARB/ARGs 
and residual antibiotics discharged from hospitals have 
been studied in several countries.11,12

The aim of this study is to illustrate the contamination 
of hospital sewage with ARB harboring ARGs using com-
prehensive metagenomic sequencing.

In addition, this study was conducted in line with the 
relocation to a new hospital, and the formation of the bacter-
ial flora in the new sewage tank was investigated. We also 
compared the whole genome sequence of extended spectrum 
β-lactamase (ESBL)-producing organisms (EPOs) isolated 
from hospital sewage and clinical samples, and analyzed the 
relationship between clinical and sewage isolates.

Materials and Methods
Hospital Setting
The study was conducted at the Ohashi Medical Center in 
Toho University, located in Jonan area, Tokyo, Japan. The 
Ohashi Medical Center (35.652573°N, 139.685833°E), 
with a capacity of 430 beds, was opened in 1973 with 
a single East building (BE) and expanded to Central (BC), 
Administration (BA), and West (BW) buildings to increase 
patient capacity (Figure 1). Features of each building are 
as follows: there were intensive care wards in BW; the 
number of beds was the largest among the old hospital 
buildings in BC; BE included the highest number of out-
patient departments; and many of the rooms in BA were 
available only for healthcare workers.

As part of a renovation plan, a new hospital building 
(BN; 35.652578°N, 139.683959°E) with 319 beds was 
constructed approximately 50 m away from the old 

Figure 1 Outline of the Ohashi Medical Center, Toho University. Prior to relocation to the new building (BN), the hospital consisted of four buildings: West building (BW), 
Administration building (BA), Central building (BC), and East building (BE). Each building had respective sewage tanks: BW: STW, BA: STA, BC: STC, BE: STE, BN: STN.
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hospital and was inaugurated on June 20, 2018. Since 
May 2018, we introduced a policy of restricted hospitali-
zation (Figure S1). We stopped providing services to out-
patients from June 16 and transferred the 66 hospitalized 
patients to the BN on the same day (Figure S1). We started 
accepting patients on June 20. Both the old and new 
hospitals have a staff count of 2000. In BN, all outpatient 
departments and wards were integrated into one building 
(Figure 1).

In both old and new hospitals, stool and urine are 
stored in the underground sewage tanks without mixing 
with other drainage and are pumped to the sewage system 
several times a day (Figure 1). In the old hospital, each 
building had respective sewage tanks (sewage tank in BW: 
STW, in BA: STA, in BC: STC, and in BE: STE as shown 
in Figure 1); however, the new hospital had two connected 
storage tanks of 22.5 m3 collecting all the sewage (sewage 
tank in BN: STN shown in Figure 1). It was impossible to 
quantify daily inflow and outflow of sewage tanks as there 
is no system for regular measurement. The sewage dis-
charged from the tanks is sent to the WWTP and treated 
using filtering, and microbiological and biochemical treat-
ments, after which the effluent is discharged into the 
nearby river.

Sampling
Collection of Water Samples
In the period between May 8 and June 12, 2018, sewage 
samples were collected from STW, STA, STC, and STE 
once a week. In the period from June 6 to July 17, 2018, 
sewage samples were collected from the STN once a week 
at 9 a.m. A 20 mL of sewage samples were collected in 
sterile bottles from manhole of the sewage tanks and 
processed for analysis within 2 h.

DNA-Seq Analysis
Metagenomic Analysis for Whole Organisms in 
Original Hospital Sewage
First, 5 mL of sewage was centrifuged at 5000 × g for 5 
min and the resultant cell pellet was vortexed with remain-
ing 500 µL of sewage water. Next, the cell suspension was 
mixed with 500 µL of phenol/chloroform/isoamylalcohol 
(PCI) in a microcentrifuge tube with 2 mL of ZR 
BashingBead™ Lysis tube. Cell breaking was performed 
using GenoGrinder 2010 by shaking at 1500 rpm for 5 
min. The PCI mixture was centrifuged at 8000 rpm for 5 
min, followed by DNA purification using a Gel DNA 
Recovery Kit, Zymoclean-96 (ZYMO RESEARCH, 

Irvine, CA, USA). A metagenome DNA-seq library was 
prepared using the QIAseq FX DNA library prep kit 
(Qiagen, Venlo, Netherlands) and subsequently was per-
formed using NextSeq 500 (Illumina) with the NextSeq 
500 mid output kit v2.5 (300 cycles).

Genomic Analysis of EPOs Isolated from Hospital 
Sewage Using CHROMagar ESBL
To obtain EPOs from hospital sewage, 2 µL of sewage 
sample was mixed with 100 µL phosphate-buffered saline 
(PBS), plated on CHROMagar ESBL (bioMérieux, Marcy- 
l’Etoile, France) for selection of EPOs, and incubated at 
36°C overnight. Subsequently, first appearance of color 
formation on each colony suggested that dark pink and 
metallic blue colonies were in the ratio of 1:4, respectively. 
Eighty colonies (20 dark pink colonies: potential ESBL- 
producing E. coli; 60 metallic blue colonies: potential 
Klebsiella, Enterobacter, Citrobacter) were selected as 
potential EPOs to identify a unique isolate from the first 
selection on CHROMagar ESBL plate. Each isolate was 
used for genomic analysis as described above.

In addition, all bacteria colonies on a single agar plate 
were harvested and mixed with 1000 µL of PBS. The cell 
suspension was used for metagenomic analysis as 
described above.

EPO Clinical Isolates
All 20 EPO clinical isolates obtained between May 8 and 
July 17, 2018, and reported as EPO were subjected to whole 
genome sequencing and comparative genomics. Among these 
isolates, 12 isolates were from outpatients and 11 isolates were 
from urology patients. They included urine, sputum, and cen-
tral venous catheter samples (75%, 10%, and 10%, respec-
tively). Some specimens were obtained from the same patient 
through subsequent diagnosis. The Ethics Committee of the 
Toho University Ohashi Medical Center waived the require-
ment for consent because the research was conducted without 
using identifiable biospecimens. Personal data related to clin-
ical information were anonymized, and our procedure does not 
require a written consent from patients suffering from bacterial 
infections. Antimicrobial susceptibility was determined 
through screening (broth microdilution method) and confirma-
tory tests (the disk diffusion method) according to the Clinical 
and Laboratory Standards Institute (CLSI) recommendations 
(CLSI Performance Standards for antimicrobial disk suscept-
ibility tests; Approved standard-13th edition CLSI document 
M02. Wayne, PA: Clinical and Laboratory Standards Institute; 
2018).
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Bioinformatics Analysis for Detection of 
Bacteria and ARG
The sequencing reads were analyzed using the MePIC2,13 

Krona14 and MEGAN v6 software.15 EPO isolates were 
characterized using Krona,14 multi-locus sequence typing 
(MLST)16 and ResFinder.17

Principal Coordinate Analysis (PCoA)
The sequenced reads were assigned to a taxonomic hier-
archy using MEGAN v6 software based on a megaBLAST 
nucleic acid homology search.

Core Genome Single-Nucleotide 
Variation Phylogenetic Analysis
Comparative genomics among obtained E. coli isolates (16 
isolates from patients and 21 isolates from hospital sewage) 
were performed using BWA-MEM18 against the complete 
chromosome sequence of E. coli STN0717-11, which is the 
longest genome size among available complete genomes, 
followed by extraction of single nucleotide variants (SNVs) 
using VarScan v2.3.4.19 The prophage and repeat regions 
were predicted using PHASTER20 and MUMmer 3,21 

respectively, and the detected SNVs in these regions were 
excluded. Regions of recombination in the chromosome 
were predicted using Gubbins v. 2.3.4,22 followed by mask-
ing of SNVs in the recombination regions. A maximum like-
lihood phylogenetic tree was constructed from SNV sites in 
the core genome region using FastTree2. De novo assembly 
was performed using SKESA v.2.3.023 with short reads of 
each strain, followed by analysis of sequence type, putative 
serotype, and AMR gene prediction using pubMLST (https:// 
pubmlst.org/escherichia/), SeroTypeFinder,24 and Bacterial 
Antimicrobial Resistance Reference Gene Database 
(BioProject ID: PRJNA313047), respectively.

Measurement of Chemical Compound 
Concentrations
Thirty-nine drug components (Table 1) in the sewage 
samples were analyzed using solid-phase extraction 
(SPE) and ultra-performance liquid chromatography–tan-
dem mass spectrometry (LC-MS/MS) based on 
a previously described method25 with minor modifications. 
Briefly, the sample was filtered using a polyethersulfone 
membrane (0.22 µm pore size, Merck) and 100 mL of the 
filtrate was spiked with 1 g/L ascorbic acid, 1 g/L EDTA, 
and a surrogate standard mixture, and then concentrated 
using SPE cartridge (Oasis HLB cartridges, 200 mg/6 cc, 

Waters, Japan). The analytes concentrated on the cartridge 
were extracted with 6 mL of methanol, following which 
they were measured using LC-MS/MS and quantified by 
the alternative surrogate method.25

Results
Metagenomic Analysis of Tank Bacterial 
Flora in Each Building
Metagenome DNA-seq analysis of sewage samples was con-
ducted to elucidate the differential microbial flora in the 
hospital sewage tank. The dominant bacteria in the sewage 
were classified according to the metagenomic data 
(Supplemental Data Set S1), wherein the proportion of gen-
era varied depending on the building (Figure S2a and S2b).

Similarity and diversity of bacterial population among 
tanks were analyzed using PCoA based on bacterial genus 
level (Figure 2). A total of 25 sewage samples from each 
tank excluding STA were used for PCoA, and the results 
showed that the STN and STW groups were closely 
plotted by the presence of Aeromonas, Citrobacter, and 
Comamonas.

Analysis of β-Lactamase Genes Harbored 
by the Bacterial Flora of Tanks
Metagenome next-generation sequence (NGS) reads cor-
responding to β-lactamase genes were identified in original 
hospital sewage samples (Figure S3a) and EPOs from each 
tank selected on CHROMagar ESBL (Figure S3b). In the 
original hospital sewage samples, the blaIMP gene was 
detected in STC and STW samples, and the blaCTX-M 

gene was detected in STW and STN samples (Figure 
S3a). CHROMagar ESBL selection facilitated the detec-
tion of blaIMP and blaCTX-M from all sewage tanks 
(Figure S3b).

Genome Comparison of Sewage and 
Clinical Isolates
Whole genome sequencing was performed for 80 EPO 
isolates from STW0522 and STN0717, and 20 EPO clin-
ical isolates (May 8 to July 17, 2018) for comparison of 
EPOs from sewage tanks and clinical sources. In sewage 
samples, E. coli, Klebsiella, Enterobacter, Citrobacter, and 
Achromobacter were detected (Table S1). Clinical isolates 
included only E. coli and Klebsiella spp.

A pairwise SNV analysis of the core genome was 
conducted for all E. coli strains (Figure 3). The E. coli 
STs included ST393, ST38, ST131, ST1011, ST12, ST73, 
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Table 1 Concentrations of Chemical Compounds in the Hospital Sewage Tank

Antimicrobials and 
Others

Concentration (ng/L)

STN0717ab Limit of Quantity Note

Quinolone

Levofloxacin 32,500 5.00 Clinical

Norfloxacin n.d. 1.00 Clinical

Enrofloxacin n.d. 2.00 Veterinary

Macrolide/lincosamide

Azithromycin 390 0.01 Clinical

Clarithromycin 13,500 0.10 Clinical

Lincomycin 370 0.05 Clinical

Roxithromycin n.d. 10.00 Clinical

Sulfonamides

Sulfamethoxazole 1360 20.00 Clinical

Sulfadimethoxine n.d. 0.04 Veterinary

Trimethoprim

Trimethoprim 1160 5.00 Clinical

Tetracycline

Tetracycline n.d. 0.70 Clinical

Oxytetracycline n.d. 3.00 Veterinary

Other clinicals

Antihypertensive

Valsartan 6670 20.00 Angiotensin II receptor 

antagonist

Telmisartan 6010 100.00 Angiotensin II receptor 

antagonist

Olmesartan 1890 0.10 Angiotensin II receptor 

antagonist

Irbesartan 1470 10.00 Angiotensin II receptor 

antagonist

Losartan 1350 0.15 Angiotensin II receptor 

antagonist

Candesartan 681 5.00 Angiotensin II receptor 

antagonist

Azilsartan 167 20.00 Angiotensin II receptor 

antagonist

(Continued)
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Table 1 (Continued). 

Antimicrobials and 
Others

Concentration (ng/L)

STN0717ab Limit of Quantity Note

Valsartan acid 140 5.00 Angiotensin II receptor 
antagonist

Atenolol 1020 5.00 β-Blocker

Atenolol acid 280 0.82 β-Blocker

Metoprolol 30 5.00 Adrenergic effect blocker

Diltiazem 210 0.03 Vasodilators

Anti-allergic drug

Fexofenadine 7440 5.00 H1 receptor antagonist

Diphenhydramine 340 0.06 H1 receptor antagonist

Epinastine 27 10.00 H1 receptor antagonist

Caffeine

Caffeine 38,100 10.00 Xanthine derivative

Bronchodilator

Theophylline 14,200 0.10 Xanthine derivative

Non-steroidal anti-inflammatory analgesic

Ibuprofen 2520 39.00 Propionic acid

Ketoprofen 2180 10.00 Propionic acid

Ethenzamide 40 8.24 Salicylic acid

Gastric secretion inhibitor

Pirenzepine 70 0.03 Muscarinic receptor antagonist

Antipsychotic drug

Quetiapine 
fumarate

20 0.05 Dibenzothiazepine

Sulpiride 2820 0.05 Benzamide

Hyperlipidemia drug

Bezafibrate 9760 10.00 Hyperlipidemic agent

Antiarrhythmic drug

Disopyramide 2650 0.09 Antiarrhythmic drug

Vasodilator drug

Dipyridamole 190 5.00 Antiplatelet drug

Diuretic

Furosemide 7510 20.00 Diuretic

Notes: aSTN0717; sewage tank of new building at July 17, 2018. bn.d; not detected.
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ST9586, and ST224. E. coli ST12, ST73, ST131, and 
ST1011 were detected exclusively in clinical isolates 
(Table S2). Clinical isolates (THO-008 and −019 from 
the same patient) comprised ST393 harbouring 
blaCTX-M-27 and there was no difference in SNVs between 
these isolates and those obtained from sewage samples (14 
isolates; STN0717-1 to −11, 14, 15, and 19) (Figure 3, 
Supplemental Data Set S2).

In three ST38 clinical isolates (THO-002, THO-007 and 
THO-020) harboring blaCTX-M-14, SNV analysis revealed 
marked 21–110 SNVs in the core genome. It was reported 
that molecular evolution of E. coli genome is possible with 
less than five SNVs within a 60-day duration.26 By contrast, 
ST38 sewage isolates harboring blaCTX-M-55 exhibited strict 
clonality with 3 SNVs, and ≥123 SNVs were detected in 
clinical isolates (Figure 3). Five ST131 clinical isolates har-
boring various CTX-M genes (blaCTX-M-15, CTX-M-27, CTX- 

M-44) were not identical (Figure 3). Among the 156 
CHROMagar ESBL-positive strains from hospital sewage 
tanks (STW0522 and STN0717; Supplemental Data Set S2), 
carbapenemase gene (blaIMP-11) was identified only in 
Pseudomonas monteilii (Table 2).

Concentration of Residual Antimicrobial 
Agents in Hospital Sewage Tanks
The measurement of the concentrations of chemical 
contaminants in the tank (Table 1) showed that the 
most predominant antimicrobial agents were levoflox-
acin (32,500 ng/L) and clarithromycin (13,500 ng/L), 
although their concentrations were below minimal 
inhibitory concentration breakpoints. β-Lactam antibio-
tics were not measured in this study; as they are 
known to be almost undetectable in environmental 
samples.27,28

Discussion
The composition of bacterial flora in hospital sewage has 
been reported to comprise components of the human gut 
flora, including Bacteroides, Faecalibacterium, 
Bifidobacterium, and Blautia, in addition to Klebsiella, 
Aeromonas, and Enterobacter.6 The bacterial flora in each 
tank in the old hospital exhibited different bacterial composi-
tions, and that of STC and STE mainly comprised the mem-
bers of the human gut flora. However, the STW was mainly 
composed of Citrobacter and Acinetobacter, which are 

Figure 2 PCoA plot based on NGS read counts detected by metagenome DNA-Seq. PCoA was performed according to Bray Curtis distance (the average linkage). The 
genera, Acinetobacter, Citrobacter, and Comamonas were frequently detected in STW and STN samples. Most severely ill inpatients were treated in the BW and BN; thus, their 
excretion may have a major impact on the bacterial content of the sewage tanks.
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minimally detected in the gut of healthy individuals (Figure 
S2a and b).29,30 Furthermore, Comamonas and Arcobacter 
were detected in significant numbers in the STN. 
Comamonas is generally considered as environmental bac-
teria with less pathogenicity. Arcobacter spp. are detected in 
WWTP in several countries.31,32 The hospital sewage is 
influenced by the patients’ gut flora,29,33 but it is unclear 
whether the difference in the bacterial composition of each 
tank reflects the characteristics of the patients in each 
building.
Thus, the bacterial composition of STN appears similar to 
that of STW (Figure 3). BW and BN contain rooms where 
seriously ill patients are treated (Figure 1). The distribu-
tion of bacterial flora in the tanks can be strongly influ-
enced by the severity of illness of the patients in the wards. 
Furthermore, bacterial flora in the tanks can be instantly 
affected by excrement because the bacterial composition 
of STN was comparable to that of STW within 1 month 
after the relocation. For monitoring department-specific 
ARB, it may be beneficial to install department-specific 
sewage tanks.

In Japan, the detection rate of EPO has been reported at 
12.2% in healthy adult volunteers.34 Particularly, ST131 is an 
E. coli strain responsible for a worldwide pandemic and it 
carries a broad range of pathogenicity and ARGs, including 
a variety of β-lactamase genes on a transferable plasmid.35–37 

In Japan, it has been reported that 92.9% of EPOs are blaCTX-M 

gene positive.38 The CTX-M genes (blaCTX-M-14, blaCTX-M-15, 
blaCTX-M-27 and blaCTX-M-2, listed in descending order of 
size)39 have been identified in Japan as well, and gene 
sequences obtained in this study are similar to that (Table 2).

A pairwise SNV analysis showed that the sequences of 
certain clinical EPO isolates had no difference compared to 
the SNVs of sewage isolates, suggesting that these sewage 
isolates may have originated from the patient. Fortunately, 
there was no strong evidence of a nosocomial outbreak 
associated with clinical EPOs (Figure 3). Monitoring of 
ARB/ARGs in hospital sewage may enable detection of 
latent carriers or nosocomial infections.

The carbapenemase gene (blaIMP-11) in the hospital sew-
age tanks (STW0522 and STN0717; Supplemental Data Set 
S2) was identified only in Pseudomonas monteilii (Table 2). 

Figure 3 Core genome phylogeny using single-nucleotide variations (SNVs) of ESBL-producing E. coli isolates. Core genome phylogeny was constructed using ESBL- 
producing E. coli isolates; 20 clinical isolates (THO-number, orange highlighted), one sewage isolate from STW0522 (brown highlighted), and 20 sewage isolates from 
STN0717 (blue highlighted). The complete genome sequence of STN0717-11 was used as a genome reference and 39.48% of the genome sequence was used as core 
genome regions among all tested strains. Few clinical isolates were obtained from same patient (§, patient No.8; ¶, patient No.9; †, patient No.7 in Supplement Data Set S2). 
Heatmap of pairwise differences of core genome SNVs are shown using a colour gradient with pink and red. The lower half part indicates core genome SNVs among all 
strains, and the upper half part shows core genome SNVs between indicated two strains. THO-008 and -019 from the same patient showed no SNVs with sewage isolates 
(14 isolates; STN0717-1 to −11, 14, 15, and 19). There were no identical clones between different patients.
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P. monteilii was isolated from the environment,40 clinical 
samples,41 and hospital environment.40,42 P. monteilii is less 
pathogenic to humans, but may play a role as a metallo-β- 

lactamase (MBL) reservoir, and transfer of MBL genes to 
other species may be a cause of concern, especially in hospi-
tal sewage tanks.41,42 Many of these potential EPOs 

Table 2 ESBL-Producer in Hospital Sewage and Clinical Isolate

Bacteria Antimicrobial Resistance Gene 
(ARG)

Hospital Sewage Tank Clinical Isolatec

STW 0522a STN 0717b

Escherichia coli

blaCTX-M-14 1 4

blaCTX-M-15 2

blaCTX-M-27 14 6
blaCTX-M-44 1

blaCTX-M-55 6 4

Klebsiella pneumoniae

blaCTX-M-14 2
blaCTX-M-15 1

blaCTX-M-2 2

blaSHV-26 2
blaSHV-77 1

blaSHV-78 2

Klebsiella quasipneumoniae

blaCTX-M-2 1

Klebsiella variicola

blaCTX-M-62 1

Klebsiella michiganensis

blaCTX-M-8 1

Klebsiella sp.

blaCTX-M-5 2

Enterobacter cloacae

blaSHV-12 1

Enterobacter kobei

blaCTX-M-14 5
blaCTX-M-62 1

blaSHV-12 2

Enterobacter hormaechei

blaCTX-M-9 3 1

Pseudomonas monteilii

blaIMP-11 3

Raoultella planticola

blaSHV-12 1

Notes: aSTW0522; sewage tank of west building on May22, 2018. bSTN0717; sewage tank of new building on July 17, 2018. cClinical isolate; clinical isolate from May8, 2018 
to July17, 2018.
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harboring ARGs in the sewage tanks were different from the 
clinical isolates. It is not clear whether these EPOs were 
excreted by healthy carriers or were transformed by acquir-
ing the ARGs in the sewage tank.

The concentrations of ciprofloxacin and clarithromycin in 
hospital wastewater43,44 reported previously were similar to 
those in the present study. Hospital sewage tanks may pro-
mote the development of AMR by high selective pressure on 
bacteria,9,10,45 even at very low concentrations46 and provide 
optimal conditions47 for horizontal gene transfer, which is 
one of the mechanisms associated with the spread of AMR in 
the environment.48 It is known that the microbial gut flora 
function as a reservoir for ARGs and horizontal plasmid 
transfer between bacteria is common.49 This is plausible as 
sewage tanks consist of an accumulation of excrement and 
acquisition of resistance may occur frequently. We presume 
that selective pressure of antibiotics exists in our hospital 
sewage tanks; however, this will be verified in future studies.

In Japan, KPC-2-producing Klebsiella7 and NDM- 
5-coproducing E. coli8 were detected in the effluent of 
WWTP. Effective actions should be taken, including 
advanced wastewater treatment processes such as ozone 
and UV treatment11,50 and ultrafiltration51 to accelerate the 
removal of ARB in WWTP. However, even the above 
methods do not ensure a complete removal of ARB. 
Therefore, treatment processes may be introduced prior 
to the release of hospital sewage into the main sewage to 
reduce ARB. In Japan, there are a few reports of contam-
ination of hospital sewage tanks with ARB/ARGs.52,53 

Nevertheless, this study is the first comprehensive descrip-
tion of AMR in a hospital setting using metagenomic and 
whole genome analysis.

Conclusion
Our study reveals the presence of ARB/ARGs in the hospital 
sewage tanks and suggests that every hospital patient/staff/ 
visitor can be a potential source of ARB. Monitoring of 
ARB/ARGs in hospital sewage is expected to identify the 
presence of carriers, and control nosocomial outbreaks and 
dissemination of ARB/ARGs in the environment.
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