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Supplementary Material 1 (SM1)

Literature search was made with the following eleven search keywords pairs:

a.

[“Wastewater” OR “Sewage”] and [“Antimicrobial Resistance” OR “Antibiotic-Resistant” OR
“Antimicrobial-resistant” or “Antibiotic Resistance”]

[“Wastewater” OR “Sewage”] and [“Carbapenemase” OR “Carbapenem-Resistant” or “Carbapenem
Resistance™]

[“Wastewater” OR “Sewage” and “Beta-lactamase” OR “Beta-lactam” or “ESBL”’]

[“Wastewater” OR “Sewage”] and [“Amoxicillin Resistance” OR “Amoxicillin Resistant”]
[“Wastewater” OR “Sewage”] and [“Aminoglycoside Resistance” OR “Aminoglycoside Resistant™]
[“Wastewater” OR “Sewage” and “Cephalosporins Resistance” OR “Cephalosporins Resistant™]
[“Wastewater” OR “Sewage” and “Ertapenem Resistance” OR “Ertapenem Resistant”]
[“wastewater” OR “Sewage” and “Fluoroquinolones Resistance” OR “Fluoroquinolones Resistant”]
[“Wastewater” OR “Sewage” and “Vancomycin Resistance” OR “Vancomycin-Resistant™]
[“Wastewater” OR “Sewage” and “Erythromycin Resistance” OR “Erythromycin Resistant™]

[“Wastewater” OR “Sewage”] and [“Methicillin Resistance” OR “Methicillin-Resistant].



Supplementary Material 2 (SM2): Flow chart of the phases in the systematic literature review.
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Table S1. Reviewed literature and their geographical coverage, and surveillance methods, and AMR targets.

International/ International/ National/regional (many cities) Single sewershed Hospital Total
intercontinental continental
Metagenomics 1. (Auguetetal., 2021), - 1. (Suetal., 2017) 1.  (Majeed etal., 2021) (Caietal., (n=11)
2. (Forslund et al., 2013), 2. (Hendriksen et al., 2019b) 2021),
3. (Hendriksen, et al., 2019a), (Perry et
4. (Karkman et al., 2020), al., 2021)
5. (Petersen et al., 2015)
6.  (Riguelme et al., 2021),
PCR - 1. (Pérnénen - 1. (Bichetal., 2019), - (n=3)
etal., 2. (Mtetwaetal., 2021)
2019)
Culture - 1. (Huijbers 1. (Blaaketal., 2021), 1. (Abduljabbar & Aljanaby, 2018) (Drieux et (n=34)
etal., 2. (Gouliouris et al., 2. (Adator et al., 2020) al., 2016),
2020) 2019), 3. (Diemert & Yan, 2019), (Flach et
3. (Meir-Gruber et al., 4.  (Golle etal., 2017), al., 2021),
2016) 5. (Haghi et al., 2019) (Yang et
4. (Moradigaravand et 6.  (Hutinel etal., 2019), al., 2009)
al., 2018), 7.  (Jakobsen et al., 2008),
5. (Reinthaleretal., 8.  (Jargensenetal., 2017)
2013), 9. (Khanetal., 2019)
6. (Urase et al., 2020) 10. (Kolokotsa & Leotsinidis, 2020),
11. (Mourkas et al., 2019),
12. (Ojer-usoz et al., 2017),
13. (Oravcova et al., 2017)
14. (Paulshus et al., 2019),
15. (Pignato et al., 2010),
16. (Rahimi & Bouzari, 2015),
17. (Ravenetal., 2019),
18. (Rodriguez et al., 2021),
19. (Saifi etal., 2009),
20. (Talebi etal., 2008),
21. (Tiwarietal., 2022),
22. (Yang et al., 2009),
23. (Zaheer et al., 2020),
24. (Zarfel etal., 2013)
Escherichia coli - 1. (Huijbers 1.  (Reinthaleretal., 1. (Adator et al., 2020)¢ - (n=14)
etal., 2013) 2. (Hutinel etal., 2019),
2020) 3. (Jakobsen et al., 2008),
4.  (Jorgensenetal., 2017),
5. (Kolokotsa & Leotsinidis, 2020)7,
6. (Ojer-usoz et al., 2017),
7. (Paulshus et al., 2019),
8.  (Pignato et al., 2010)*
9. (Ravenetal., 2019),
10. (Urase et al., 2020)?°,




11. (Yang et al., 2009),
12. (Zarfel etal., 2013),
Vancomycin- - (Gouliouris et al., 1.  (Haghietal., 2019), - (n=7)
resistant Enterococcus 2019) 2. (Kolokotsa & Leotsinidis, 2020)7,
Spp. 3. (Oravcova et al., 2017),
4. (Saifi etal., 2009),
5. (Talebi et al., 2008),
6. (Zaheer et al., 2020)
CRE - (Blaak et al., 2021), 1. (Adator et al., 2020)® (Flach et (n=6)
(Meir-Gruber et al., 2. (Tiwarietal., 2022), al., 2021)
2016) 3. (Urase etal., 2020)2¢
ESBL - (Urase et al., 2020) 1. (Rodriguez et al., 2021) (Drieux et (n=3)
al., 2016)
Pseudomonas spp. - - 1.  (Abduljabbar & Aljanaby, 2018) - (n=3)
2. (Golleetal., 2017),
3. (Kolokotsa & Leotsinidis, 2020)*,
Staphylococcus - (Meir-Gruber et al., 1.  (Kolokotsa & Leotsinidis, 2020)#, - (n=3)
aureus 2016) 2. (Rahimi & Bouzari, 2015)
Salmonella spp. - - 1. (Diemert & Yan, 2019) - (n=2)
2. (Pignato et al., 2010)*,
Clostridium difficile - (Moradigaravand et - - (n=1)
al., 2018)
Coliforms and other - - 1.  (Khanetal., 2019) - (n=1)
Gram-negative
bacteria
Campylobacter spp. - - 1. (Mourkas et al., 2019) - (n=1)

Studies with similar * ¢ *were conducted for more than one targets.




Table S2. Reviewed literature and clinical studies used for comparing against wastewater-based studies.

Independent clinical data
from Hospital

Antibiotic consumption at
Global level is considered

Antibiotic consumption
on daily basis is followed

ERAS-Net

Hospital area vs
without hospital area

Government

Previously published
research

(Auguet et al., 2021)
(Cai et al., 2021)
(Drieux et al., 2016)
(Flach et al., 2021)
(Golle et al., 2017)
(Gouliouris et al., 2019)
(Haghi et al., 2019)
(Hutinel et al., 2019)
(Jorgensen et al., 2017)
(Majeed et al., 2021)
(Moradigaravand et al.,
2018)

(Mourkas et al., 2019)
(Ojer-usoz et al., 2017)
(Oravcova et al., 2017)
(Perry et al., 2021)
(Rahimi & Bouzari, 2015)
(Raven et al., 2019)
(Reinthaler et al., 2013)
(Saifi et al., 2009)
(Talebi et al., 2008)
(Yang et al., 2009)
(Zaheer et al., 2020)
(Zarfel et al., 2013)

(R. S. Hendriksen et al., 2019)
(Parnénen et al., 2019)

(Bich et al., 2019)
(Mtetwa et al., 2021)
(Suetal., 2017)

(Huijbers et al., 2020)
(Karkman et al., 2020)
(Kolokotsa &
Leotsinidis, 2020)
(Pérnénen et al., 2019)
(Tiwari et al., 2022)

(Blaak et al., 2021)
(Khan et al., 2019)

(Meir-Gruber et al., 2016)
(Urase et al., 2020)

(Rodriguez et al., 2021)
(Tiwari et al., 2022)




Table S3. AMR indicators (Berendonk et al., 2015)

(O)_Enterococcaceae (F)

opportunistic pathogen

Species Taxonomic division Primary habitat Indication
Escherichia coli Gammaproteobacteria (C) _ | Gut of warm-blooded animals, Fecal origin
Enterobacterales (O)_ opportunistic pathogen

Enterobacteriaceae(F)
Klebsiella pneumoniae | Gammaproteobacteria (C)_ | Gut of warm-blooded animals, Fecal origin
Enterobacterales (O)_ opportunistic pathogen
Enterobacteriaceae(F)
Aeromonas spp. Gammaproteobacteria (C) | Environmental Nosocomial
Aeromonadales (O) _
Aeromonadaceae (F)
Pseudomonas Gammaproteobacteria (C)_ | Environmental and a common Nosocomial
aeruginosa Pseudomonadales (O)_ skin flora
Pseudomonadaceae (F)
Enterococcus faecalis Bacilli(C)_ Lactobacillales Gut of warm-blooded animals, Fecal origin
(O)_Enterococcaceae (F) opportunistic pathogen
Enterococcus faecium Bacilli(C)_ Lactobacillales Gut of warm-blooded animals, Fecal origin

C = Class, O = Order, F= Family




Table S4. ARG indicators of AMR (Berendonk et al., 2015)

Genes Characters and explanation

intll Integrase gene of class 1 integrons, a genetic platform for ARG capture
sull & sul2 Sulfonamide-resistant dihydropteroate synthase

blactx-m & blarem B-lactamases, frequently identified in Enterobacteriaceae

blanpm-1 New Delhi metallo-p-lactamase

blavim Carbapenemase, frequent in clinical Pseudomonas aeruginosa in certain areas
blakpc Klebsiella pneumoniae carbapenemase

gnrS Quinolone pentapeptide repeat family

aac-(6")-1b-cr Aminoglycoside acetyltransferase

vanA Vancomycin resistance operon gene

mecA Penicillin binding protein

ermB & ermF rRNA adenine N-6-methyltransferase, associated with macrolide resistance
tetM Ribosomal protection protein, associated with tetracycline resistance

aph

Aminoglycoside phosphotransferase




SM

Table S5. Wastewater surveillance studies with inferences regarding the population or drug consumption.

Sample included ARB target Method | Major results I Reference
International (many countries)
Pooled fecal ARG Metagenome Metagenomic analysis, compared Enterobacterales bacterial e  The abundance of targeted bacteria varied in the samples collected from different | (Auguet et
samples (Kenya, n = family, order, and species from individual stool samples and countries. al., 2021)
177; UK, n = 157; compared the prevalence of these microbes in blood and . Kenya had lower numbers of enterobacteria in fecal samples, but numbers were
Cambodia, n = 156); cerebrospinal fluid samples. similar in clinical isolates from all three countries.
independent clinical . Klebsiella reads were higher in Cambodia than in the UK and Kenya in both fecal
data (Kenya, n= 910; and clinical samples.
UK, n = 3356; . In cerebrospinal fluid samples, Salmonella spp. was higher in Kenya than in
Cambodia, n = 197). Cambodia and the UK.
Stool samples ARG Metagenome 71 Danish and 39 Spanish samples, 139 U.S. samples. 68 classes and subclasses of antibiotic resistance genes were detected. (Forslund
collected in Metagenomics was used for analysis. e  The most abundant resistance was related to antibiotics that were used in both et al., 2013)
Denmark, Spain, & humans and animals and that had been available for a long time.
USA from earlier
projects were used.
Resistomes of ARG Metagenome 24-h flow proportional sampling or composites (3 sub- e  Antibiotic use and bacterial taxonomy only explained a minor part of the variation (R.S.
sewage influent samples) over a short period (minimum 15 min). in the resistome. Hendriksen
from 79 sites in 60 World Bank Health, Nutrition, Population, Development ° Global resistome diversity and abundance varied by region. etal., 2019)
countries and six indicator data sets were compared with resistomes. Resistome abundance strongly correlated with country-specific variables from the
continents. Metagenome was compared with antibiotic use, and socio- World Bank’s Health, Nutrition and Population, Development indicator data sets
economic, health, and environmental factors. (mostly sanitation and general health).
° Countries with a higher HDI have a significantly lower abundance of ARG, and the
number of passengers flying into a country does not affect this abundance.
. No significant association was detected between temperature at collection and
ARG abundance, or between the abundance of ARG on a class level and the
antibiotics residue levels measured.
79 sites in 60 ARG Metagenome Metagenomic analysis (used the same sequence data . Established the potential for WW metagenomic data and environmental data in (Karkman
countries and six produced by [65] assessing the prevalence of clinical ARB. et al., 2020)
continents. They downloaded the raw sequence data from a database and ] WW resistome correlated to clinical surveillance data on invasive E. coli isolates,
compared the sewage metagenomic data with clinical ARB but the relationship was weak.
prevalence using environmental and clinical surveillance data ] Among the compared ARGs, the relative abundance of int/1 performed better
on invasive E. coli isolates. than other ARGs.
Clinical resistance data for E. coli (blood, CSF) against four . Data related to the wastewater-based metagenome had a lower model fit than
classes of antibiotics extracted from networks EARS-Net, socioeconomic factors.
CAESAR and ResistanceMap.
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Pooled airplane- ARG . Bacterial DNA and RNA were extracted. e  Asian samples had a higher abundance and richness of ARGs than those from (Petersen
toilet samples from Metagenome, e  For bacterial DNA, metagenomics was carried out and North America. etal., 2015)
18 flights arriving in bacterial e  forviral RNA, RT-PCR was conducted. e  Atotal of 31 ARGs were found to significantly differ between geographical areas.
Copenhagen from pathogens and e South Asian samples had higher blacrx.w, gnrS and the 16 S
Bangkok, Beijing, noroviruses methyltransferase npmA than those from North America.
Islamabad, Newark, . Unique reads mapping to the human pathogens S. enterica, C. difficile, and C.
Greenland, Tokyo, jejuni were observed in all samples.
° C. jejuni was distributed in all areas, but S. enterica was more prevalent in South
Toronto, and ! ; .
Washington DC; AS|a'tha'n North Asia and North' America. . . .
; 4 ° C. difficile was more prevalent in North America and North Asia than South Asia.
representing Asia
and North America.
14 WW samples ARG Metagenome | o Metagenomics and measured antibiotic concentration in WW. e  Variation in bacterial communities and ARG profiles was observed between EU/US | (Riquelme
were collected from vs Asian countries. etal., 2021)
six countries (from . blaoxa-type Was ubiquitous and had a relatively high abundance.
Asia, Europe, & . blaes, blaswv, blacrx-v, & blarem were ubiquitous but with lower abundances.
North America). The gnrS gene was more prevalent in Asia than in Europe and the US.
80 samples were E. coli (] E. coli was isolated from wastewater and susceptibility was WW and clinical resistance had strong relationships. (Huijbers et
analyzed and a total tested as done by EUCAST ECDC, and correlation was tested The prevalence of antibiotic resistance was lower in WW than in clinical E. coli. al., 2020)
of 1245 E. coli with EARS-Net reported cases. WW monitoring could be used to predict clinical cases.
isolates were ®  Resistance against aminopenicillins, fluoroquinolones, third-
monitored from 10 generation cephalosporins, & aminoglycosides in E. coli was
European cities. tested.
12 WWTPs in seven Highly parallel . Highly parallel qPCR targeted 229 resistance genes and 25 WW and clinical resistance had strong relationships. (Parnanen
European countries. | gPCR mobile genetic elements. EARS-Net reported cases are ARB in WW was not correlated with coliform counts or enterococci counts. etal., 2019)
considered as references. . WW monitoring could be used to predict clinical cases.
National or regional level
100 WWTPs in the Carbapenemase- (] Membrane filtration . CPE was detected at 89% of the WWTPs, in 87 influents and 53 effluents. (Blaak et
Netherlands, 40% of | producing . ChromID CARBA agar & ChromID OXA-48 agar . Overall, 15 CPE types were detected. al., 2021)
the Dutch Enterobacterales . E. coli was enumerated in Tryptone Bile X-glucuronide and ° E. coli carrying blaOXA-48-like genes were most frequently detected in sewage,
population (n = ChromID ESBL. while K. pneumoniae was most frequently reported in clinical isolates.
341). e  Atotal of 1162 CRE isolates were analyzed. . BlaOXA-48-like-positive-K. pneumoniae, blaNDM- or blaKPC-positive E. coli,
e  Multiplex (PCRs) targeted 9-CARBA-gene types. and blaNDM:- or blaKPC-positive K. pneumoniae were detected.
e  Theyincubated plates at 44 2C to inhibit the growth of The wastewater treatment process reduced CPE by 99%.
environmental isolates. CPE concentration was positively correlated with WWTP size and the E. coli count.
20 WWTPs in the Vancomycin- (] Compared the genomes of 423 isolates from wastewater with Widespread distribution of hospital-adapted VREfm beyond acute healthcare (Gouliouris
east of England. resistant Enteroco 187 isolates associated with bloodstream infection at five settings with an extensive release of VREfm into the environment. etal., 2019)
ccus faecium hospitals in England.
(VREfm)
Wastewater Pan-resistant ° ARB isolates screened from WW with CHROMagarkPC, . ARB and ARG distribution in WW was similar to the distribution of clinical isolates. (Meir-
samples from four bacteria CHROMagarMRSA, CHROMagarVRE and compared with clinical | e Multiple pan-resistant bacteria, including Carbapenem-resistant Gruber et
WWTPs in Israel. (Enterobacteriaca isolates reported by the government. Enterobacteriaceae carrying blakec and blanom-1, MRSA and VRE. blakec carrying al., 2016)
e, Staphylococcus Klebsiella pneumonia and Enterobacter cloacae were found, but ARB
aureus) Enterobacteriaceae were predominant.
. K. pneumonia, Enterobacter spp., E. coli, and Citrobacter spp. were the four main

CRE isolated from sewage and in clinical samples.
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. WW and clinical samples had similar positive rates for blakec & blanom-1.
e  VRE was more abundant in sewage than MRSA.
° MRSA and VRE were more often present in clinical than in WW samples.
WW effluent from Clostridioides Membrane filtration was used and 186 isolates were analyzed. | o Multilocus sequence types (STs) identified 19 distinct STs in the clinical collection (Moradigar
18 WWTPs in the difficile and WGS was used to compare isolates from WW with clinical and 38 STs in the WW collection, with 13 of 44 STs common to both clinical and avand et
UK. related ARG sequences obtained from the same site WW collections. Furthermore, five pairs of common sequence types were al., 2018)
obtained from WW and clinical samples.
WW activated E. coli E. coli isolated from WW with Chromocult Agar and fecal . Resistance against trimethoprim-sulfamethoxazole and the two quinolones, (Reinthaler
sludge samples (n = samples with Endo Agar, then 356 isolates were tested against ciprofloxacin and norfloxacin, was only found in human samples and not in WW etal., 2013)
11) from many 15 antibiotics (amoxicillin, amoxicillin/clavulanic acid, samples.
WWTPs in Austria. piperacillin /tazobactam, cefalotin, cefuroxime-axetil, e  The WW-based ARB pattern followed the national increment pattern, and
Human samples cefoxitin, cefotaxime, ceftazidime, meropenem, gentamicin, gradually increased from 2000 to 2009.
were from urine, amikacin, trimethoprim-sulfamethoxazole, nitrofurantoin,
sputum, stool, n?rfloxacm, and ciprofloxacin). Resistance was also tested with
wounds, skin, & Vitek 2.
respiratory tract.
Samples were ESBL-producing E. 17 wastewater samples, 605 E. coli isolates tested against CTX, | ®  The proportion of cefotaxime-resistant E. coli was 5.7%, & ESBL-producing E. coli (Urase et
collected from 12 coli & 976 Enterobacteriaceae tested against MEPM. comprised 5.3% of the total E. coli (chlorinated effluents). al., 2020)
WWTPs in Tokyo, carbapenem- WWe-isolated CTX-R E. coli and MPEM-R Enterobacteriaceae e  The proportion of CRE was 0.007% with the constituting species of Klebsiella spp.
Japan. resistant were compared with national surveillance data (both and Enterobacter spp.
Enterobacteriacea inpatients and outpatients). e  The prevalence of resistance was lower in effluent wastewater isolates (5.7%)
e Effluent “after chlorination” from 12 WWTPs; nine receive compared to clinical surveillance data for both in- (27.5%) and outpatients (17%).
hospital effluent and use activated sludge treatment, two use
oxidation ditches in rural areas, and one is a community plant
with no medical facilities.
Cultured with selective chromogenic media & identified with
16S rRNA sequencing, disk-diffusion AST.
116 WW samples ARG Metagenome Metagenomic analysis was conducted to determine ARB . Winter samples had a higher abundance of bacteria and ARGs. (Suetal.,
were collected from variation in different seasons (summer vs winter), economic Summer samples had a higher relative abundance of ARGs than winter samples. 2017)
32 WWTPs in 17 development levels, and urban geography. ® ARG abundance varied as a function of climatic zonation and population density.
Chinese cities.
Single sewershed level
Compared clinical & | Pseudomonas A total of 120 isolates were collected (60 from sputum of e  Allisolates were resistant to amoxicillin but susceptible to imipenem. (Abduljabb
sewage isolates in aeruginosa patients & 60 from WW). There was a positive correlation between a high prevalence of virulence- ar &
Irag. Antibiotic susceptibility was tested using the Kirby-Bauer associated genes & an increase in ARB in P. aeruginosa isolates. Aljanaby,
method. e  The prevalence of MDR was significantly higher in clinical isolates than in WW 2018)

Six virulence ARGs monitored with PCR.

isolates.

] Overall, the prevalence of individual antibiotic resistance was higher in clinical
isolates.

® A non-significant difference was recorded in the prevalence of ESBLs between the
two compartments.

° 55 clinical (91.6%) & 41 WW isolates (68.3%) were multi-drug resistant.
PapA, FimH, feoB, iutA, hly, & kpsMTII genes were detected in 91.6, 100, 80, 95, 20
and 100% of clinical isolates, respectively, but in WW isolates, the respective
figures were 51.6, 68.3, 41.6, 35, 3.3, 5 and 41.6%.
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One Health Extended- A total of 705 ESCR and 663 generic E. coli isolates were . Human clinical isolates & WW isolates had a similar prevalence of resistance. (Adator et
continuum of the spectrum obtained from cattle feces (CFeces), catch basins (CBasins), ] ARB prevalence differed among ESCR from various sampling sources (CFeces, al., 2020)
beef production cephalosporin- surrounding streams, beef processing plants, municipal CBasins, MSewage, BProcessing, MSewage, and CHumans).
system in Alberta, resistant (ESCR) & sewage (MSewage), & human clinical specimens (CHumans). e  Resistance was higher for ESCR than for generic E. coli.
Canada. generic E. coli All isolates were tested for antibiotic susceptibility to 9 . ESCR from CFeces had higher ARB to the tested antibiotics than other sample

antibiotics and two clavulanic acid combinations (ampicillin, types.

amoxicillin/clavulanic, ceftiofur, ceftazidime, . Both ESCR and generic E. coli had a high resistance to certain antibiotics.

ceftazidime/clavulanic acid, streptomycin, neomycin, . Genotypic analyses revealed a similar outcome, with genotype—phenotype

oxytetracycline, florfenicol, trimethoprim/ sulfamethoxazole & agreement ranging from 93.2-100%, depending on the antibiotic.

sulfisoxazole) using the Kirby—Bauer disk diffusion . In both populations, resistance to oxytetracycline and ampicillin was prevalent,

susceptibility method with CLSI guidelines. while neomycin resistance was the least common.

A simplex and two multiplex PCR assays were used to test

against blatew, blasky, blaoxa, & blacwy, & blacrx-m.
WW samples (n = Salmonella WGS was conducted for 21 WW isolates and compared with e  The genomic characteristics of WW isolates resembled salmonellosis clinical (Diemert &
52) from Honolulu, enterica Salmonellosis clinic isolates. isolates. Yan, 2019)
Hawaii, USA. . WWS worked as an early warning tool.
Two WWTPs and Carbapenem- Monthly effluent samples were collected from two WWTPs . For representatives of all 65 pulsotypes, 49 different MLSTs were determined. (Golle et
two hospitals resistant over a year. Isolation (n = 83) with filtration and culturing. . Clinical isolates (n = 130) had 38 & WW isolates (n = 83) had 31 pulsotypes. al., 2017)
samples from Pseudomonas Suspected colonies were sub-cultured and confirmed with . Only 9 pulsotypes were shared between clinical and WW settings.
Slovenia. aeruginosa MALDI-TOF. e  Based on MLST types, clinical & WW isolates differed in ARB

Susceptibility of such confirmed isolates was tested against . Clinical isolates had the highest resistance to piperacillin/tazobactam (52.3%) and

ceftazidime, cefepime, piperacillin/ tazobactam, imipenem, ceftazidime (42.3%), but WW isolates had the highest resistance to ceftazidime

meropenem, ciprofloxacin, tobramycin, gentamycin, amikacin, (37.1%) and ciprofloxacin (35.5%).

& netilmicin with disc diffusion following the EUCAST ] Most isolates were only resistant to imipenem and/or meropenem.

procedure. Carbapenem-resistant P. aeruginosa was ubiquitous in WWTP effluents and had a

Clinical isolates (130 from 109 patients) were obtained from higher diversity than clinical samples.

respiratory & UTI patients during routine diagnosis.
Prevalence in Vancomycin- Fecal specimens of healthy carriers (n = 100) & MWW samples e A high frequency of VRE was recorded in municipal sewage (14.3%) than in healthy | (Haghiet
sewage & fecal resistant Enteroco (n =100) were filtered to isolate enterococci (Trypticase Soy carriers (6.2%). al., 2019)
samples of healthy cci (VRE) Agar) & susceptibility testing was conducted with CLSI
carriers was guidelines using the agar dilution method.
compared (Iran).
Eight hospital WW E. coli E. coli was isolated from the hospital (n = 721 isolates) and ° E. coli resistance rates derived from HWW and hospital patients strongly (Hutinel et
(HWW) samples and MWW samples (n = 531 isolates). correlated (r? = 0.95 for urine and 0.89 for blood samples), as did resistance rates al., 2019)
six municipal WW An inexpensive broth screening method was validated against in E. coli from MWW and primary care urine samples (r? = 0.82).
(MWW) samples disk diffusion and applied to determine resistance against 11 ®  Resistance rates in HWW isolates were close to those in hospital clinical isolates,
were monitored for antibiotics in sewage isolates. while resistance rates in MWW isolates were about half of those measured in
one year in Resistance data on E. coli isolates from clinical samples from primary care isolates.
Gothenburg corresponding local hospitals and primary care patients were ] Resistance rates in MWW isolates were more stable between sampling occasions
(sweden). compared with WW-based resistance using linear regression. than those from HWW.

. WWS can be a low-cost method for complementing current monitoring systems
and providing clinically relevant AR data for countries and regions where
surveillance is lacking.

Hospital and Gentamicin- WW and clinical patient samples were collected, E. coli was ] ARB profiles from hospital patients & HWW sample bacteria were similar. (Jakobsen
community WWTP resistant E. coli isolated, and ARB was tested with cell isolation and ®  ARB profiles in patients and HWW were higher than MWW. et al., 2008)
in Denmark. susceptibility testing. ° Demonstrated that the aac(3)-1l gene transferred from patient isolates to WW

isolates.




13

Exploration of ESBL Clinical (n = 94), surface water (n = 167), & WW isolates (n = . ESBL-EC detected in recreational water samples on 8/20 occasions (40%). (Jgrgensen
whether E. coli 91) were studied, & also WGS (n = 267) . ESBL-EC were present in all WW samples in ratios of 0.56—0.75%. etal., 2017)
recreational water is Recreational water (inland & coastal) from 4 beaches & WW . ST131 was most prevalent in urine & WW, & ST10 was most prevalent in surface
a possible source of samples from a nearby WWTP were filtered and cultured on water.
ESBL-EC & infection differential & ESBL-selective media. e  8-STs &identical ESBL-EC MLVA-types were detected in all compartments.
in humans. Antibiotic susceptibility was tested & multi-locus variable e  (Clinical ESBL-EC isolates were more likely to be MDR.
Compared ESBL-EC number of tandem repeats assay. Selected ESBL-EC strains . ESBL-EC were present in recreational waters.
from urine from recreational water were characterized by WGS & . MDR E. coli strains were present in urban aquatic system, even where antibiotic
o compared with WW & human urine isolates. consumption in both humans & animals was restricted.

recreat!onal water, The filters were subsequently grown on Brilliance agar & e  The three compartments represent highly similar populations of ESBL-EC, with
& WW in Oslo, ChromelD ESBL plates. some significant differences.
Norway. Purple colonies on Brilliance plates were considered as . ESBL-ECs detected in WW could approximate the mix of commensal and

presumptive E. coli CFUs and purple colonies on ChromelD pathogenic strains carried by humans in the catchment area, but the clinical

ESBL plates as presumptive ESBL-EC isolates. isolates could represent more virulent strains.

MDR ESBL-EC AST was more common in clinical samples.

3 samples from Coliforms and Bacteria were isolated in Chromocult coliform agar and the ARB isolates in hospital sewage and municipal sewage were mostly detected (Khan et al.,
each site: hospital other Gram- prevalence of ARGs was monitored with high-throughput gPCR together. 2019)
effluent, MWW negative bacteria o  CARBA genes blap-1, blave-2, and blaoxa23 were found in hospital sewage, but not
influent, MWW in municipal sewage.
effluent, upstream ®  Genes blaoxass, blacrx.w-s, and blasec1 were found in municipal sewage, but not in
and downstream of hospital wastewater.
recipient lake
(Sweden).
62 raw and 62 E. coli, Influent and effluent samples were analyzed with a membrane Mostly no difference in ARB profile before and after WWT. (Kolokotsa
treated MWW were | Staphylococcus filtration-based approach followed by culturing. ARB in WWTP reflected the patterns of antibiotic use in the home countries of &
collected on 30 sp., Pseudomonas Kirby—Bauer disk diffusion was used for ARB testing. visitors. Leotsinidis,
sampling days from sp. & e  ARB profiles dropped during the season when northern European tourists mostly 2020)
Zakynthos, Greece. | Enterococcus sp. visit Greece.
Sequenced ARB C. jejuni & C. coli Investigated genomic variation associated with MDR ARB in ° Specific ARGs have spread among Campylobacter isolates from humans, animals, (Mourkas
Campylobacter from 168 C. jejuni & 92 E. coli isolated from humans, livestock, and and the environment. etal., 2019)
humans, livestock, urban effluents. . Phenotypic resistance profiles of individual antibiotics tested were similar
& urban effluents in Isolated Campylobacter related to campylobacteriosis cases between human and sewage isolates, but genotypic comparisons revealed that
Spain. from hospital sewersheds (n = 152). human isolates generally had a higher prevalence of ARG.

Comparison of wastewater Campylobacter isolates and clinical . Zoonotic bacteria do not reside in a single host niche; therefore, the source and

isolates. sink dynamics of resistant strains may be poorly understood.
Presented a ESBL E. coli Samples were collected from food (n = 580) and the . MDR strains were present in all niches, with a prevalence of >50.0%. (Ojer-usoz
comprehensive environment (n = 592). Isolates were analyzed from food, . The most prevalent B-lactamase genes were blacrxw-1a (26%) & blacrxm-1(21.4%), et al., 2017)
approach to a clonal mostly fresh meat (n = 179), WWTPs (n = 132), rivers (n = 30), followed by blasuv-12, blacrx-w-1s, & blatem-az.
diversity analysis of farms (n = 46), and humans (n = 130). ° MLST isolates were grouped into 26 clonal complexes (CC) & 177 different
448 ESBL-producing Disk diffusion and microdilution methods were used for sequence types (ST).
E. coliisolated from phenotypic confirmation of ESBL E. coli. ] Despite the high clonal diversity observed, CC10 was the most prevalent CC & the
environmental, PCR & sequencing were used for the molecular only one detected in all niches.

characterization of B-lactamase genes (blacrx-v, blaswv, blatewm, ®  As ESBL was detected in all sampled niches, the One Health approach could be the

human, & food
samples in Spain.

blaoxa).
The clonal relationship of isolates was determined by multi-
locus sequence typing (MLST).

best approach to preventing and controlling ESBL.
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Czech Republic. Vancomycin- (] WW (n = 37), hospital surface swabs (n = 21), fecal samples VRE carrying the vanA gene were found in 32/37 (86%) WW samples, with a total (Oravcova
Isolates from WW resistant from hospitalized patients & staff (n = 59), & gull cloacal swabs of 49 isolates, and most of them (44/49) were E. faecium. etal., 2017)
effluent, hospital Enterococci (VRE) (n=284). VRE carrying the vanA gene were found in 33/48 (69%) stool samples, with a total
surface swabs, e  Selectively cultured & Enterococci were confirmed with of 39 isolates, and most of them (33/39) belonged to E. faecium.
clinical fecal MALDI-TOF MS. 67/80 (84%) E. faecium isolates carried virulence genes hyl and/or esp.
samples, gull cloacal ®  ARB was confirmed with PCR and genotype diversity was Virulence of E. faecalis was encoded by gelE, asal, & cylA genes.
swabs were monitored with PFGE & MLST. Clinically relevant sequence types belonging to E. faecium were frequently
compared. detected in both WW and hospital samples.
The clinically important ARG vanA was frequently detected in WW effluent.
A total of 108 WW E. coli . E. coli from HW (n = 2644), CW (n = 2525), and UW (n = 2693) High levels of resistant E. coli were found in hospital and community wastewater, (Paulshus
samples were were analyzed for susceptibility to nine antibiotics. but lower levels in the WWTP. etal., 2019)
collected from HW, A higher diversity of E. coli was found in community WW than in HWW.
CW, and UW.
At the local scale Ampicillin- e  Salmonella spp. isolates from MWW (n = 64), clinical samples Ampicillin resistance in Salmonella isolates from WW and clinical isolates was (Pignato et
from a WWTP in resistant (n=274), and E. coli WW (n = 273) analyzed. comparable. The resistance rate was highly variable in different hosts. al., 2010)
Sicily (Italy). Salmonella spp. E.
coli-related genes
Determined the Methicillin- . Three samples were collected. Of the 1142 isolates, 200 MRSA strains from sewage (n = 100) and the clinic (n = (Rahimi &
epidemiological resistant Staphylo | ®  Samples were five-fold diluted with phosphate-buffered saline, 100) were isolated. Bouzari,
relatedness coccus aureus filtered on a 0.45 pm membrane & cultured in Baird Parker Distinct PhP types, consisting of 16 common types & 13 single types, & 3 different 2015)
between MRSA agar. staphylococcal cassette chromosome mec (SCCmec) types (lll, IVa and IVc) were
isolated from . Specimens (n = 489) were collected from clinical patients. found amongst the MRSA isolated from the two different sources.
sewage and human . Susceptibility testing (amikacin, chloramphenicol, The results of antibiotic susceptibility testing demonstrated increased resistance
infection in Tehran, ciprofloxacin, clindamycin, erythromycin, gentamicin, to penicillin, ciprofloxacin, erythromycin, clindamycin, and tetracycline.
ran. kanamycin, linezolid, minocycline, nitrofurantoin, penicillin, The presence of common PhP types and SCCmec type I, as an indicator for
quinupristin-dalfopristin, rifampicin, sulfamethoxazole- hospital strains, among the isolates might indicate an epidemiological link
trimethoprim, tetracycline, and tobramycin) was performed between clinical and sewage MRSA isolates.
with CLSI guidelines. Illustrated the presence & persistence of a highly resistant MRSA group in sewage
. Prevalence of ARGs was confirmed with multiplex PCR/PCR & in clinical samples.
SCCmec genes & ccr gene complexes.
Examined whether E. coli e  Treated and untreated WW was taken from 20 WWTPs. All samples were positive in culture for E. coli, and all but one was positive for (Raven et
WW surveillance . Sequenced 388 E. coliisolates (192 ESBL, 196 non-ESBL). ESBL-producing E. coli. al., 2019)
could capture e  Compared the genomes of WW E. coli with isolates from WWT (including UV light) did not eradicate ESBL-E. coli in 2/3 cases.
clinical cases in bloodstream infection (n = 437), and livestock farms and retail Multilocus sequence type (ST) diversity was similar between plants directly
communities in the meat (n =431). receiving hospital waste versus the remainder (93 vs 95 STs, respectively).
east of England. A total of 19/20 wastewater plants contained one or more of the three most
common STs associated with bloodstream infection (ST131, ST73, ST95), and
14/20 contained the most common livestock ST (ST10).
In an analysis of 1254 genomes (2 cryptic E. coli were excluded), WW isolates were
distributed across the phylogeny and intermixed with isolates from humans and
livestock.
Ten blacrx-m elements were identified in E. coli isolated from WW.
Genomic surveillance of E. coliin WW could be used to monitor new and
circulating lineages and resistance determinants of public-health importance.
24 samples Carbapenemase- (] WW samples were analyzed with metagenomics. MDR genes (acrB, adeG, mexD & mexK) were the most abundant (Rodriguez
collected from 4 producing GNB . Clinical data were obtained from previously published studies Clinically important ARGs such as blakec- & blacrx-v, & others clinically not reported etal., 2021)

stages of WWT

(acrB, adeG,

from clinical samples.

locally, blatem-1s6, blages-23, blaoxa-10, mcr-3, & mcr-5 were frequently detected.
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were analyzed

mexD, mexK,

Initially isolated on ChromID CARBA and ChromolD ESBL

Clinically relevant families Moraxellaceae, Aeromonadaceae, &

(Antioquia, blaxec, blacrx-w, media, then sub-cultured on MacConkey agar to monitor Enterobacteriaceae were detected.
Colombia). blarem 196, blaces. potential genes with multiplexed PCR. Clinically relevant genes detected from phenotypic bacterial isolates were also
23, blaoxa-1o, mcr-3, obtained in metagenomic analysis.
mcr-5)
Influent from three High-level Disk-diffusion and microbroth dilution for antibiotic PFGE recognized 24 clonal types among these isolates with three pulsotypes (Saifi et al.,
WWTPs in Tehran, gentamicin- susceptibility testing (10 antibiotics). shared between the clinical and WW isolates. 2009)
Iran. resistant ARGs were confirmed with PCR. 16 ribotypes were identified and 5 types of them were common between clinical
Enterococcus A total of 106 HLGR-EF (clinical = 48, WW = 58) & WW isolates.
faecium (HLGR- 320 enterococcal isolates cultured from urine & wound The combination of PhP typing, ribotyping, and PFGE could be extremely
EF) samples from 6 outpatient clinics during the sampling period. discriminatory when examining HLGR-EF isolates.
Clonality was investigated with the PhePlate system (PhP), WW & clinical isolates were from same city, but overlap was low.
ribotyping & pulsed-field gel electrophoresis (PFGE). Clinical isolate resistance rates were higher than wastewater isolates. Individual
Representative isolates of each PhP type (n = 42) were further resistances matched national prescribing levels. The low PFGE type overlapped
characterized using the ribotyping method. between groups.
Three MWWTPs, Vancomycin- VREF isolates were obtained from patients (n = 49), surface The genetic diversity determined using pulsed-field gel electrophoresis (PFGE) (Talebi et
two HWWTPs, and resistant E. water (n = 28), and urban and hospital sewage (n = 66). revealed a single E. faecium clone, designated 44, which was common to the al., 2008)
urface water from faecium (VREF) Pulsed-field gel electrophoresis (PFGE) was used to reveal the samples obtained from clinical specimens and hospital and municipal sewage.
different parts of E. faecium clone structure.
Tehran, Iran. The susceptibility to vancomycin was determined using the
disc diffusion method and MIC was determined with Etest.
Clinical samples (urine, wound specimens, blood, body fluids,
respiratory tract specimens, and abscesses) were collected
from hospitalized patients in three major hospitals.
Sewage samples were cultured on vancomycin-supplemented
M-Enterococcus agar plates.
WW effluent Carbapenemase- A total of 7 WW influent samples were analyzed. Among the carba-GNB isolates, 86.4% were blaces (51 out of 59), 10.2% were blakec | (Tiwari et
samples from producing GNB ChromID ESBL & ChromID KPC was used for isolation and (6 out of 59), and 3.4% were blaviv (2 out of 59). al., 2022)
Helsinki, Finland. culture of bacteria. The blages isolates were not detected in clinical isolates.
Multiplexed PCR was used to confirm the prevalence of The most common carba gene, blaces, was carried by ten different bacterial
selected Carbapenemase types. species, including Aeromonas spp., Enterobacter spp., and Kluyvera spp.; the blakec
blacarea positive isolates were identified with MALDI-TOF MS. gene was carried by E. coli, K. pneumoniae, and Kluyvera cryocescens; and the
blavim gene was carried by Aeromonas hydrophila/caviae and Citrobacter
amalonaticus.
WWS can be an additional tool for monitoring ARB at the population level.
One-health Enterococcus spp. Isolates from humans & cattle, along with abattoirs, manured E. faecium & E. faecalis were the main species in WW (90%) & clinical samples (Zaheer et
perspective was fields, natural streams, & composite WW from urban & cattle (99%). al., 2020)

considered, and
sampling was
conducted over 2
years in Canada.

feedlot sources were collected.

A total of 8430 isolates were collected

Selective culture, disk diffusion, and WGS of a subset of
isolates.

Comparison of WW isolates, clinical isolates, and isolates from
animal farms.

Clinical isolates mostly from non-sterile sites, but also from
blood, other tissues, and rectal swabs (subset for WGS = 299).

E. hirae predominated in cattle (92%) & feedlot catch-basins (60%).

WGS of E. faecalis (n = 366) & E. faecium (n = 342) isolates revealed source
clustering of isolates, indicative of distinct adaptation to their respective
environments.

Phenotypic resistance to tetracyclines and macrolides encoded by tet(M) &
erm(B), respectively, was prevalent in Enterococcus spp., regardless of the source.
E. faecium from cattle that were resistant to B-lactams & quinolones were
observed among 3% & 8% of isolates, respectively, compared to 76% and 70% of
human clinical isolates.

Clinical vancomycin-resistant E. faecium exhibited high rates of multi-drug
resistance, with resistance to all B-lactams, macrolides, & quinolones tested.
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Differences in the ARB profiles among isolates reflected antibiotic use practices in
each sector of the One Health continuum.

Activated sludge ESBL E. coli . 30 sludge samples were analyzed and 50 ESBL E. coli were The dominant ESBL gene family in clinical and WW isolates was blacrx-m, one of the | (Zarfel et
from 5 WWTPs isolated most prevalent ESBL gene families in human infection. al., 2013)
(grab samples), . ESBL E. coli were isolated from 50 patients The detection rate of the blarem.1 gene was similar in clinical and WW isolates.
Austria. e  ESBL-positive E. coli were confirmed by CLSI confirmatory tests Higher resistance rates against clinical antibiotics were seen in UTl isolates but not
° Susceptibility to 11 antibiotics (amoxicillin/clavulanic acid, for non-clinical antibiotics.
piperacillin/tazobactam, imipenem, meropenem, gentamicin, Resistance to the antibiotic groups ampicillin/clavulanic acid, tobramycin,
tobramycin, amikacin, trimethoprim/sulfamethoxazole, amikacin, trimethoprim/sulfamethoxazole, ciprofloxacin, ofloxacin, and nalidixic
nitrofurantoin, ofloxacin and ciprofloxacin) was tested with acid were significantly higher in clinical isolates than in WW-based isolates.
Vitek 2.
° Susceptibilities to nalidixic acid, tetracycline, and
chloramphenicol were tested with disc diffusion following CLSI
criteria.
. Prevalence of five different B-lactamase gene families (blarewm,
blaswv, blacrx-m, blaves & blaces) was tested with PCR.
Cohort study blacrx-m-1, blacrx-w- e  Atotal of 304 samples were analyzed. Nearly 40% of samples contained ESBL genes (the most frequent were CTX-M-9 (Bich et al.,
conducted in 2, blacrx-m-s, blanom, | ® Selected 80 households (359 people) and followed their (23.7%) and CTX-M-1 (18.8%)). 2019)
Vietnam, sampled blavim, blakec, antibiotic consumption, as well as antibiotic contents in food & Quinolone resistance genes (gnrS) were detected in all human and 91% of animal
the resistome of blaoxaas, mcr-1, water for four months and analyzed ARGs in their feces. stool samples.
human feces, mer-2, rﬁcr-3, . Extracted DNA & monitored resistance genes related to mobile Mcr-1 was present in 88% of human feces & 93% of animal feces samples.
animal stools, mre-4 & mer-5. colistin resistance (mcr), ESBL, CARB, & quinolone with gPCR. Mcr-3 was present in 55% of human feces & 51% of animal feces samples.
human food, and CARBA genes were more common in water (15%) and cooked food (13%) than in
) human and animal feces (<4%).
environmental . . . . -
It was not possible to establish a relationship between recent antibiotic
samples. . R
consumption and ARGs in human stool samples.
PCA analysis demonstrated a clear separation between ARG profiles of human and
animal stools versus cooked food and water samples.
Three WWTPs in Mycobacterium (] Conventional PCR & ddPCR were used. dPCR was more sensitive than gPCR. (Mtetwa et
South Africa. tuberculosis e  Tuberculosis-related genes were targeted and compared with The concentration of ARGs was associated with the extent of drug use in al., 2021)
the extent of community drug use. communities.
Urban sewage was ARG Metagenome | @ Metagenomic analysis of urban sewage to monitor bacterial & WW metagenomics can be a potential public health surveillance tool with high (R.
monitored for the associated ARG, viral and parasitic pathogens. Data were sensitivity and can be a valuable supplementary tool for clinical and syndromic Hendriksen
presence of examined in conjunction with data from ongoing clinical surveillance of large urban populations. etal., 2019)
pathogens and ARG infectious disease surveillance. Large variation in read abundances related to bacteria, viruses, and parasites of
in Kibera, Nairobi, medical importance, as well as bacterial-associated antibiotic resistance genes,
Kenya was reported over time.
WW metagenomics may provide an opportunity for conducting real-time global
genomics-based surveillance in settings with limited access to health care.
Influent and ARG Metagenome | ® Metagenomics analysis was compared with local clinical Metagenomics analysis was found to yield rich information comparable to clinical (Majeed et
effluent samples, 8 resistant isolates isolates. al., 2021)
° Metagenomics analysis was compared and bench-marked to The relative abundance of total ARGs dropped ~50% from influent to effluent.

from each, with an
18-month duration.
(USA)

various dimensions of the resistome, as they related to
independent quantitative measures of target ARGs, factors
associated with antibiotic use in the community and ARG
selection (e.g., antibiotics), mobility (e.g., associations with
MGEs), and local clinical resistance information.

~90% of the ARGs found in the effluent were also detected in the influent.
The effluent ARG-pathogen taxonomic linkage patterns were more similar to
patterns in regional clinical surveillance data than the patterns identified in the
influent.




17

Examined the core resistome, discriminatory resistomes,
specific ARGs of clinical concern, and resistome risk scores and
compared these with independent qPCR measurements of
target ARGs, antibiotic measurements, and local clinical
resistance data.

Hospital level (Single building level)

24-h composite ESBL-producing ESBL-producing Enterobacteriaceae were isolated with e  Atotal of six distinct environmental ESBL E. coli clusters were identified, two of (Drieux et
samples from a Enterobacteriacea chromID ESBL. them related to patient strains. al., 2016)
geriatric hospital in e Clinical samples were analyzed either with clinical specimens
France. or rectal swabs.
20 composite HWW | Carbapenemase- A total of 20 WW composite samples were compared with e  The carbapenemase genes blanow, blaoxa-s-ike, and blakec in sewage were (Flach et
samples were producing about 14,000 urine samples, 11,000 blood samples, and 2000 concordant with clinical cases, but the genes blavim and blawve were detected with al., 2021)
collected for 2 years | Enterobacterales fecal rectal clinical samples for the same ARB. PCR of WWW but not in WW isolates.
in a hospital in ARB in WW was monitored with both cell isolation and qPCR, e  Three clinical patients in a hospital caused a peak in related genes in sewage for
Gothenburg, and WGS of some isolates was carried out. the blaoxa-ss-ike gene.
Sweden.
Hospital clinical E. coli ARB of a total of 1020 clinical & 435 sewage isolates was . Sewage isolates had higher ARB rates than the clinical isolates from the same (Yang et al.,
isolates and HWW, tested with the Kirby—Bauerdisk diffusion test for 8 antibiotics hospital. 2009)
Taiwan. (ampicillin, ampicillin/ sulbactam, cefazolin, cefuroxime,
imipenem, lomefloxacin, gentamicin, & amikacin).

A total of 30 Evaluated ARB were isolated with selective media. ®  ARGs and ARB in clinical isolates had a strong relationship with clinical isolates. (Caietal.,
hospital sewage association ARGs were monitored with metagenomics. . Hospital antibiotic use influenced the abundance and types of ARB and ARG. 2021)
samples were between . ARGs released from sewage can increase environmental and public health risks.
collected from antibiotic use in e  The culture-based method captured 16.2% of ARB species, but metagenomics
Shantou University hospital, AR captured 1573 bacterial species and 885 types of ARG in sewage.
Hospital, China. information from ° Metagenomics analysis revealed that ARGs for aminoglycosides were the most

clinical isolates, & comnr';on, folIowe(r:i\ by sulphonamide, tetralclycline, phenicol, macrolides, and

X quinolones, together representing 82.6% all ARGs.
ARB/ARG proflles e  Atotal of 519 pairs of ARGs were significantly correlated with ARB species (r >
in the hospital
0.8).

sewage.
HWW (n = 8) was ARG Metagenome Metagenomic analysis ° HWW had a higher ARG abundance than MWW. (Perry et
collected from 8 Correlation between ARG abundances in HWW was tested ARG abundances in HWW did not reflect resistance patterns in clinical isolates, al., 2021)
different with hospital antibiotic use, hospital clinical isolates, and except for the families Enterococcaceae & Staphylococcaceae.

isolates from MWW. ®  Antibiotic use was not associated with ARG abundance in HWW, except for

departments of a
hospital and one
sample from MWW
(Western General
Hospital, Edinburgh,
Scotland).

carbapenem & vancomycin resistance ARG.

AMR = antimicrobial resistance, ARG = antibiotic resistance genes, HWW = hospital wastewater, MWW = municipal wastewater, MDR = multidrug-resistant, PFGE = pulsed-field gel electrophoresis, MLST = multi-locus
sequence typing, MRSA = Methicillin-resistant Staphylococcus aureus, WW = wastewater, ESBL = extended spectrum beta-lactamase
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