
Table S1. Summary of reports and studies identifying AMR bacterial species within healthcare water sources and water-related devices during outbreak investigation, 
environmental screening, and molecular epidemiology. 

Study 
Site 

Reservoir Organism Country* Study Type 
Antimicrobial 

Methods ∞ 
Antimicrobial Characteristics ∧ Reference 

Hospital  
Water 
Sink 

Drain 

P. aeruginosa  
Achromobacter 
xylosoxidans 

Collinsella aerofaciens 
Pseudomonas putida 
Stenotrophomonas 

maltophila 
P. medocina 

C. testosterone 
Sphingomonas spp.  

France  Outbreak investigation  Agar dilution, PCR 
blaIMP-19 found in P. aeruginosa, A. xylosoxidans, 

A. aegrifaciens, P. putida, S. maltophila, P. 
mendocina, C. testosteroni and Sphingomonas spp.  

[13] 

Hospital  

Sink 
Drain 
Bath 

Shower 

P. aeruginosa  USA* Outbreak investigation 
Broth microdilution, 

PGFE 
Bathtub isolate resistant to GEN, TOB, TIC and 

PIP 
[14] 

Hospital  Water  P. aeruginosa  France  Outbreak investigation Agar diffusion  
Resistant to: TIC, TZP, PIP, CAZ, CIN, FEP, 

CPR, ATM, GEN, TOB, NET, CIP 
[15] 

Hospital  

Water 
Sink 

Faucets 
Shower hoses 

Bath toys 

P. aeruginosa  Australia  Outbreak investigation  Agar dilution, E-test 
Aminoglycoside-resistant P. aeruginosa isolated 

from bath toys 
[16] 

Hospital  
Sink 

Water  
P. aeruginosa  Mexico* Outbreak investigation  Vitek-2, PFGE 

Resistance profile for environmental isolates not 
reported individually 

[17] 

Hospital  Sink P. aeruginosa  Columbia  Outbreak investigation  Microscan, PCR Resistance profile: IMI and positive for blaVIM [18] 

Hospital  
Sink 

Water  
P. aeruginosa  India* Outbreak investigation  Disc diffusion 

Resistance reported as whole environmental 
data 

[19] 

Hospital  
Shower 

Sink 
Tap 

P. aeruginosa  Italy  Outbreak investigation  Vitek-2 
Resistance profile for environmental samples not 

reported 
[20] 

Hospital  

Water 
Faucets 

Sink 
Drain 

P. aeruginosa  Germany  Outbreak investigation  Broth dilution Carbapenem resistant isolates found [21] 

Hospital  
Sink 

Shower 
P. aeruginosa  Finland  Outbreak investigation Disc diffusion 

Environmental resistance profiles reported as 
total with clinical isolates 

[22] 



Hospital  Water  M. chelonae  Mexico  Outbreak investigation  Broth dilution 
Resistance reported as whole environmental 

data 
[23] 

Hospital  Drain  P. aeruginosa  Sweden  Outbreak investigation  Selective culture 12 drain isolates positive for pae-MBL gene [24] 

Hospital  Sinks  

P. aeruginosa 
E. cloacae 
P. putida 

S. maltophilia 
C. freundii 

Achromobacter 
denitrificans 

Acinetobacter bereziniae 
A. hydrophila 

Citrobacter amalonaticus 
Pseudomonas 
nitroreducens 

Pseudomonas oleovorans 
S. marcescens 

Germany  Outbreak investigation 
Disc diffusion, E-test, 

PCR 
Resistance to AMP, SAM, PIP, TZP, CRO, CAZ, 

IMI, MEM, GEN and CIP 
[25] 

Hospital  Sink  
P. aeruginosa  

P. putida  
UK  Outbreak investigation  

Disc diffusion, Whole 
genome sequencing  

Two sink isolates contained gyrA and parC genes [26] 

Hospital  

Sink 
Drain 

Shower 
Bath 

Toilet 
  

K. pneumoniae 
carbapenemase-
Producing E. coli 

Carbapenem-resistant 
Enterobacteriaceae 

United 
Kingdom  

Outbreak investigation  
PCR, Genome 

sequencing  
CRE positive isolates from plumbing sites [52] 

Hospital  
Water 

Aerator  
Bathtub  

Sphingomonas 
paucomobilis  

Turkey* Outbreak investigation  E-test 2 isolates resistant to CIP and GEN  [53] 

Hospital  
Sink 
Bath 

Shower 
S. aureus  USA  Outbreak investigation  Disc diffusion 

Shower isolates positives for mupirocin-resistant 
S. aureus  

[54] 

Hospital  Incubator water  K. pneumoniae  China  Outbreak investigation  Disc diffusion, PCR One CRE isolate found in water sample [56] 

Hospital  
Water system 
Tap aeration 

grids  
P. aeruginosa  France  

Hospital environmental 
isolates v broad 

environmental isolates  
Vitek-2, PCR 

All strains have genes mer-A like gene, czcA, 
copA and copB. Isolates demonstrated resistance 

to Zn, Cu, Cd and Hg 
[57] 

Hospital Faucet  P. aeruginosa  China*  
Clinical isolates v 

environmental isolates  
Disc diffusion  6 MDR resistant strains [58] 

Hospital  Sink  P. aeruginosa  Palestine  
Clinical isolates v 

environmental isolates  
Disc diffusion, PCR 

Resistance to TET, KAN.  
exoT, exoS and exoY detected by PCR 

[59] 

Hospital  Water A. baumannii Iran  Environmental screen  Disc diffusion, PCR 
Resistance to CAZ and GEN. 

OXA-23 found in one water sample 
[60] 



Hospital  Taps  MRSA UK  Treatment efficacy 
investigation  

Disc diffusion MRSA recovered from every bathroom tested [61] 

Hospital  

Sink 
Tap handle 

Drain 
Shower head 

Aerator 

P. aeruginosa  
Enterobacter asburiae 

Aeromonas caviae 
Aeromonas hydrophila 
Raoultella planticola 

Raoultella ornithinolytica 
C. freundii 

Pantoea calida 
K. oxytoca 
E. cloacae 

K. pneumoniae 

United 
Kingdom  

Environmental screen N/A 

K. oxytoca resistant to: GEN, CIP, TZP, CTX, CPD 
and STR. 

P. calida resistant to: GEN, CIP, CTX and STR. 
R. ornithinolytica resistant to: GEN, CIP, TZP, 

CTX and CPD.  

[62] 

Hospital  
Drain 
Taps 

K. pneumoniae  Norway  Outbreak investigation  E-test, PCR 4 blaKPC-positive K. pneumoniae isolates [63] 

Hospital  
Drain  
Water  

Klebsiella 
quasipneumoniae  

US 
Clinical isolates v 

environmental isolates 
Whole genome 

sequencing  
Resistance genes found: blaKPC, fosA, blaOKP 

and oqxA-opxB 
[64] 

Hospital  Water  
Achromobacter 

bacteraemia  
France  Outbreak investigation  Disc diffusion, PCR 

Resistance reported as whole environmental 
data 

[65] 

Hospital  Sink  Staphylococcus aureus  Kenya  Outbreak investigation  N/A Resistance profile of sink isolates not reported  [70] 

Hospital  Sink  

P. aeruginosa  
K. pneumoniae  

E. coli  
Proteus spp. 

Staphylococcus citrus 
S. aureus  

Citrobacter spp. 
Staphylococcus epidermidis  

Enterobacter spp. 
B. cepacia  

Alkaligenes faecalis  

United Arab 
Emirates * 

Environmental screen  Disc diffusion  
Resistance reported as whole environmental 

data 
[71] 

Hospital  Tap  
Staphylococcus spp. 

S. aureus  
Italy  Environmental screen  E-test 

Resistance reported as whole environmental 
data 

[72] 

Hospital  Tap 

Enterobacter spp. 
K. pneumoniae  

Proteus vulgaris  
S. marcescens  

S. aureus  

Uganda Environmental screen  Disc diffusion 
Resistance reported as whole environmental 

data 
[73] 

Hospital  Sink  MRSA USA 
Treatment efficacy 

investigation  
Disc diffusion Resistance profile data not reported  [74] 



Hospital  Water Legionella spp.  Spain* Environmental screen  Broth dilution  Resistance to TTPC. DDAC, DBNPA, H2O2 + 
AgNO3, THPS, NaCOl, BZK and MCI 

[77] 

Hospital  Sink  Klebsiella pneumoniae  France  Outbreak investigation  MALDI 2 OXA-48 positive isolates [97] 

 
Hospital  

Sink drain 
Tap water  

S. maltophila 
Chryseobacterium spp. 

Sphingomonas 
paucimobilis 

E. cloacae 
Methylobacterium spp. 

Bosea spp. 
Acinetobacter johnsonii 

Acidovorax spp. 
P. aeruginosa 

Mycobacterium chelonae 

Canada* Environmental screen  PCR 
tetG found in 1 water sample 

ermF found in 1 biofilm sample 
ermX found in 1 biofilm and 1 water sample  

[98] 

Hospital  
Sinks 

Faucets 
Drains 

Elizabethkingia 
meningoseptica 

China Environmental screen  
Broth microdilution, 

PCR 
 

Resistance reported as whole environmental 
data 

[99] 

Hospital  Hands free taps  A. baumannii Japan* Outbreak investigation PCR, MLST AMK and CIP resistant strain [103] 

Hospital  
Sink 
Tap 

Pseudomonas aeruginosa  India* 
Clinical isolates v 

environmental isolates  
Disc diffusion  

Environmental resistance profiles reported as 
total with clinical isolates 

[106] 

Hospital  Sink E. cloacae  England* Outbreak investigation  Rosco tablets 
Resistance profile for environmental isolates not 

reported 
[107] 

Hospital  Sink P. aeruginosa  India*  Environmental screen  Disc diffusion  
Resistance profiles reported as whole 

environmental data 
[108] 

Hospital  Drain-pipe leak E. cloacae India  Outbreak investigation  Disc diffusion Resistant to: AMP, TSU, GEN, CTX, OFX [109] 

Hospital  

Water 
Drain 
Basin 

Shower 
Toilet  

E. cloacae France  Outbreak investigation  Disc diffusion 
Resistance seen to ADBAC and DDAC from 

shower and sink drains 
[110] 

Hospital  Sink 

K. pneumoniae  
E.cloacae complex 
Citrobacter freundii 
Klebsiella oxytoca 
Escherichia coli  

Belgium  Outbreak investigation  
Disc diffusion, Xpert 

carba-R assay 
NDM, KPC and OXA-48 resistance found [111] 

Dental 
office 

Water  P. aeruginosa  Brazil Environmental screen  Disc diffusion 
Resistance reported as whole environmental 

data 
[112] 

Hospital  Water  Pseudomonas spp. USA  Equipment screen  Disc diffusion Resistant to 5-10% ethylene glycol  [113] 

Hospital  Water E. coli Ghana* Environmental screen  Disc diffusion  
Resistant to: 

AMP 
TET 

[114] 



CHL 
TSU 

Hospital  Sink 

E. coli  
K. pneumoniae  

Klebsiella ozenae 
Proteus mirabilis 

E. cloacae 
Enterobacter aerogenes  

Providencia stuartii 
Citrobacter spp.  

Ethiopia  Environmental screen  Disc diffusion  
All ESBL resistant to: CPR, CPD, CAZ, CRO and 

AMC 
[115] 

Hospital  
Sink 

Nebulizer 
Water  

P. aeruginosa  
Acinetobacter anitratus  

E. coli  
Proteus spp. 

Enterobacter spp.  

UK  Environmental screen  Disc diffusion  
Resistance reported as whole environmental 

data 
[116] 

Hospital  Sink 

Klebsiella spp. 
E. coli 

Citrobacter spp. 
Enterobacter spp. 

Proteus spp. 
Aeromonas hydrophilia  

UK  Outbreak investigation  Disc diffusion Resistance reported as whole environmental 
data 

[117] 

Hospital  
Sink 

Water  
K. pneumoniae  Nigeria  Outbreak investigation  Disc diffusion  

Resistance profile: AMC, CPR, CAZ, CRO, GEN 
and CIP 

[118] 

Hospital  

Shower head 
Shower outlets 

Basin 
Toilet 

S. maltophila  Germany  Outbreak investigation  Disc diffusion Resistance to TMP-SMX [119] 

Hospital  Tap  157 species  
Saudi 

Arabia* 
Environmental screen  Microscan 

Resistance reported as whole environmental 
data 

[120] 

Hospital  
Drain 
Sink 

Shower 
K. oxytoca  Austria* Outbreak investigation  Microarray 

blaKPC and blaTEM found in all isolates. Sink 
isolates resistant to carbapenems 

[121] 

Hospital  Water Burkholderia spp.  Spain 
Clinical isolates v 

environmental isolates  
E-test 

Resistance reported as whole environmental 
data 

[122] 

Hospital 
Sink faucets 
Sink drains Acinetobacter baumannii  Singapore Outbreak investigation 

Disc diffusion, Whole 
genome sequencing  No water source isolate identified as resistant  [123] 

Hospital  Sink  

P. aeruginosa  
Serratia liquefaciens  
Acinetobacter spp. 
Serratia marcescens  
E. meningoseptica 

Oman  Environmental screen  DST 
Resistance reported as whole environmental 

data 
[124] 



Chryseobacterium 
indologenes 

Hospital  
Drain 
Water 

S. maltophila  Thailand  
Clinical isolates v 

environmental isolates 
Disc diffusion Greatest resistance seen to CHL, AMK and CST [125] 

Hospital  Sink  Mycobacterium spp. Portugal* Environmental search Disc diffusion  Resistance to CIP, CLR, IMI, TOB [126] 

Hospital  Water Enterococci India  
Environmental water 

screen 
Disc diffusion  

Resistance reported as whole environmental 
data 

[127] 

Hospital  Sink  

S. aureus  
K. pneumoniae 

Acinetobacter spp. 
P. aeruginosa  

Enterobacter spp. 

Malaysia  Environmental screen  Disc diffusion 
Resistance reported as whole environmental 

data 
[128] 

Hospital  Water  Aeromonas spp. Nepal  
Clinical isolates v 

environmental isolates 
Disc diffusion 25% of Aeromonas spp. Isolates resistant to NAL [129] 

Hospital  
Water 
Sinks 

Showers 
S. marcescens  Canada* Outbreak investigation  Agar dilution 

Sink isolates resistant to AMP, CEF, FOX, TIC, 
TSU, NIT, KAN, GEN and TOB. 

Produced ANT2’ and AAC6’ 
[130] 

Hospital  Water  E. cloacae  China  Outbreak investigation  Disc diffusion 
Resistance reported as whole environmental 

data 
[131] 

Hospital  
Sinks 

Nasogastric 
water 

A. baumannii Taiwan Outbreak investigation  
Disc diffusion, Agar 

dilution 
Outbreak organism found on sink and in 

nasogastric water 
[132] 

Hospital  

Sink 
Water 

Hydrotherapy 
tanks 

P. aeruginosa  India* 
Clinical isolates v 

environmental isolates  
Disc diffusion Two MBL P. aeruginosa isolates resistant to IMI [133] 

Hospital  
Faucet 
Basin 

K. pneumoniae  Algeria  Environmental screen  Disc diffusion, PCR 
All isolates resistant to AMX, CTX, CRO and 

TIM  
[134] 

Hospital  
Water 

Sink trap  
Tap surface  

P. aeruginosa  China* Environmental screen  Disc diffusion  No resistant isolates from water sources [135] 

In country, where the study location was not specified in the article, ‘*’ was denoted with the country of the authors. 
∞ Abbreviations: DST, direct susceptibility testing; MALDI-TOF, matrix-assisted laser desorption/ionization-time of flight; MLST, multilocus sequencing typing; PCR, polymerase chain reaction; 
PFGE, pulse field gel electrophoresis 

∧ Abbreviations: CRE, carbapenem-resistant Enterobacteriaceae; Zn, zinc; Cu, copper; Cd, cadmium; Hg, mercury; MRSA, methicillin resistant Staphylococcus aureus; MDR, multi drug resistant; 
ADBAC, benzalkonium chloride; AMC, amoxicillin; AMK, amikacin; AMP, ampicillin; ATM, aztreonam; BZK, Benzalkonium chloride; CAZ, ceftazidime; CEF, cephalothin; CHL, chloramphenicol; 
CIN, cinoxacin; CIP, ciprofloxacin; CLR, clarithromycin; CPD, cefpodoxime; CPR, cefprozil; CRO, ceftriaxone; CST, colistin; CTX, cefotaxime; DBNPA, 2,2-dibromo-3-nitrilopropionamide; DDAC, 
didecyldimethyl ammonium chloride; FEP, cefepime ; FOX, cefoxitin; GEN, gentamicin; H2O2 + AGNO3, Hydrogen peroxide + Silver nitrate, H2O2 + AgNO3; IMI, imipenem ; KAN, kanamycin; 



MCL, methylene chloride; MEM, meropenem; NAOCL, Sodium hypochlorite; NET, netilmicin; NIT, nitrofurantoin; OFX, ofloxacin; PIP, piperacillin; SAM, ampicillin-sulbactam; STR, streptomycin; 
TET, tetracycline; THPS, tetrakis (hydroxymethyl)phosphonium sulfate; TIC, ticarcillin; TMP-SMX, trimethoprim + sulfamethoxazole; TOB, tobramycin; TSU, cotrimoxazole; TTPC, tributyl 
tetradecyl phosphonium chloride; TZP, piperacillin-tazobactam
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