Antimicrobial Resistance in Coastal Waters of Latin America: Current Knowledge and Challenges
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Supplementary Table 1. Summary of Multidrug-Resistant Bacteria Isolated from Coastal Recreational Waters in Latin America
	Country
	Sample Source
	Isolated Bacteria
	Antibiotics with Observed Resistance
	Reference

	Brazil 
	Recreational coastal seawater and floating plastic litter
	Aeromonas spp
Pseudomonas spp
Escherichia spp
Acinetobacter spp
Klebsiella spp
	Amoxicillin/clavulanic acid 
Piperacillin/tazobactam 
Ceftriaxone 
Cefotaxime 
Ceftazidime 
Cefepime 
Aztreonam 
Meropenem 
Imipenem 
Ertapenem 
Gentamicin 
Tobramycin 
	[1]

	Brazil
	Recreational coastal seawater
	Staphylococcus spp. (12 coagulase-negative species)
	Penicillin
	[2]

	
	
	
	Erythromycin
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	
	
	
	Tetracycline
	

	
	
	
	Cefoxitin
	

	
	
	
	Chloramphenicol
	

	Chile
	Recreational coastal seawater
	Marine bacterial community (dominant groups: Proteobacteria, Bacteroidetes)
	Florfenicol
	[3]

	
	
	
	Chloramphenicol
	

	
	
	
	Thiamphenicol
	

	Brazil
	Recreational coastal seawater
	Vibrio spp. (non-cholera)
	Cefotaxime
	[4]

	
	
	V. harveyi
	Amoxicillin + Clavulanic Acid
	

	
	
	V. parahaemolyticus
	Imipenem
	

	
	
	V. alginolyticus
	Ceftazidime
	

	
	
	
	Amikacin
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	
	
	
	Tetracycline
	

	Brazil
	Recreational coastal seawater
	Enterococcus faecium
	Rifampicin
	[5]

	
	
	Enterococcus faecalis
	Erythromycin
	

	
	
	Enterococcus hirae
	Tetracycline
	

	
	
	
	Linezolid
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Norfloxacin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Fosfomycin
	

	
	
	
	Gentamicin
	

	
	
	
	Streptomycin
	

	
	
	
	β-lactam
	

	
	
	
	Ampicillin
	

	
	
	
	Penicillin
	

	
	
	
	Vancomycin
	

	
	
	
	Teicoplanin
	

	Brazil
	Recreational estuary water and floating plastic litter
	Acinetobacter spp.
	Colistin
	[6]

	
	
	Enterobacter spp.
	Cephalosporins
	

	
	
	Citrobacter spp.
	Sulfonamides
	

	
	
	Pseudomonas spp.
	Quinolones
	

	
	
	Shewanella sp.
	
	

	Brazil
	Recreational coastal seawater
	Enterobacter kobei FL23
	Imipenem
	[7]

	
	
	
	Meropenem
	

	
	
	
	Ertapenem
	

	
	
	
	Ticarcillin
	

	
	
	
	Cefepime
	

	
	
	
	Ceftriaxone
	

	
	
	
	Gentamicin
	

	
	
	
	Tobramycin
	

	
	
	
	Amikacin
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Chloramphenicol
	

	Peru
	Seawater from beaches
	Escherichia coli
	Ampicillin
	[8]

	
	
	Enterococcus faecalis
	Ciprofloxacin
	

	
	
	Enterobacter cloacae
	
	

	
	
	Enterobacter aerogenes
	
	

	
	
	Klebsiella pneumoniae
	
	

	Chile
	Surface seawater – coastal environment near salmon farms
	Mixed bacterial communities
	Florfenicol
	[9]

	
	
	
	Flumequine
	

	
	
	
	Oxytetracycline
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Brazil
	Recreational coastal seawater
	Aeromonas hydrophila
	Cefotaxime
	[10]

	
	
	A. jandaei
	Imipenem
	

	
	
	A. veronii
	Amikacin
	

	
	
	A. molluscorum
	Ciprofloxacin
	

	
	
	A. caviae
	Tetracyclines
	

	
	
	A. sanarellii
	Sulfonamides
	

	Brazil
	Recreational coastal seawater
	Citrobacter werkmanii
	Carbapenems
	[11]

	
	
	
	Imipenem
	

	
	
	
	Meropenem
	

	
	
	
	Ertapenem
	

	
	
	
	Cephalosporins
	

	
	
	
	Aminoglycosides
	

	
	
	
	Sulfonamides
	

	
	
	
	Trimethoprim
	

	
	
	
	Tetracycline
	

	
	
	
	Rifampicin
	

	
	
	
	Fluoroquinolones
	

	
	
	
	Macrolides
	

	
	
	
	Chloramphenicol
	

	Brazil
	Recreational coastal seawater
	Escherichia coli JP24, ST683/CC155
	Colistin
	[12]

	
	
	
	Ampicillin
	

	
	
	
	Cefotaxime
	

	
	
	
	Ceftriaxone
	

	
	
	
	Tetracycline
	

	
	
	
	Sulfonamides
	

	
	
	
	Trimethoprim
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Nalidixic Acid
	

	Brazil
	Recreational coastal seawater
	Acinetobacter chengduensis FL51
	Carbapenems
	[13]

	
	
	
	Ciprofloxacin
	

	Brazil
	Recreational estuary water
	Aeromonas hydrophila
	Amoxicillin + Clavulanic Acid
	[14]

	
	
	A. veronii
	Cefotaxime
	

	
	
	A. caviae
	Ceftazidime
	

	
	
	Pseudomonas fragi
	Ceftriaxone
	

	
	
	Vibrio alginolyticus
	Imipenem
	

	
	
	another Vibrio spp.
	Ciprofloxacin
	

	
	
	
	Amikacin
	

	
	
	
	Sulfonamides
	

	
	
	
	Tetracycline
	

	Brazil
	Recreational estuary water
	Vibrio harveyi
	Cefotaxime
	[15]

	
	
	V. parahaemolyticus
	Ceftazidime
	

	
	
	V. mediterranei
	Amoxicillin + Clavulanic Acid
	

	
	
	V. alginolyticus
	Imipenem
	

	
	
	V. cholerae
	Ciprofloxacin
	

	
	
	V. vulnificus
	Amikacin
	

	
	
	V. fluvialis
	Sulfonamides
	

	
	
	Vibrio spp. (20 species in total)
	Tetracycline
	

	Brazil
	Coastal surface water
	Enterobacteriaceae
	Carbapenems
	[16]

	
	
	Pseudomonas spp.
	
	

	
	
	Acinetobacter spp.
	
	

	
	
	Aeromonas spp.
	
	

	Brazil
	Recreational estuary water
	Vibrio parahaemolyticus strain JPA1
	Ampicillin
	[17]

	
	
	
	Ampicillin/Sulbactam
	

	
	
	
	Cefuroxime
	

	
	
	
	Cefuroxime Axetil
	

	
	
	
	Cefoxitin
	

	
	
	
	Ceftazidime
	

	
	
	
	Cefepime
	

	
	
	
	Imipenem
	

	
	
	
	Piperacillin/Tazobactam
	

	
	
	
	Colistin
	

	Brazil
	Seawater from urban recreational beaches
	Escherichia coli
	Ceftriaxone
	[18]

	
	
	
	Ceftazidime
	

	
	
	
	Cefotaxime
	

	
	
	
	Ampicillin
	

	
	
	
	Amoxicillin + Clavulanic Acid
	

	
	
	
	Cephalothin
	

	
	
	
	Quinolones
	

	
	
	
	Aminoglycosides
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	Brazil
	Recreational estuary water
	Environmental communities were enriched and cultured under antibiotic selection
	Nalidixic Acid
	[19]

	
	
	
	Ceftazidime
	

	
	
	
	Imipenem
	

	
	
	
	Tetracycline
	

	Peru
	Recreational coastal seawater
	Vibrio spp.
	Ampicillin
	[20]

	
	
	
	Amoxicillin
	

	
	
	
	Penicillin
	

	
	
	
	Nitrofurantoin
	

	
	
	
	Kanamycin
	

	
	
	
	Amikacin
	

	
	
	
	Aztreonam
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Gentamicin
	

	Chile
	Seawater from salmon aquaculture zones
	Piscirickettsia salmonis
	Oxytetracycline
	[21]

	
	
	
	Chloramphenicol
	

	
	
	
	Streptomycin
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	Peru
	Coastal surface water
	Escherichia coli
	Ampicillin
	[22]

	
	
	
	Amoxicillin
	

	
	
	
	Tetracycline
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	
	
	
	Nalidixic Acid
	

	
	
	
	Amikacin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Aztreonam
	

	
	
	
	Kanamycin
	

	Brazil
	Seawater from urban recreational beaches
	Acinetobacter spp. 
	Imipenem
	[23]

	
	
	Aeromonas spp.
	
	

	
	
	Pseudomonas spp.
	
	

	
	
	Enterobacter spp.
	
	

	
	
	Klebsiella spp.
	
	

	
	
	Serratia spp.
	
	

	
	
	Citrobacter sp.
	
	

	
	
	Kluyvera spp.
	
	

	
	
	Escherichia spp.
	
	

	Brazil
	Seawater from recreational beaches
	Enterobacter cloacae ST520
	Amoxicillin
	[24]

	
	
	
	Ampicillin
	

	
	
	
	Amoxicillin + Clavulanic Acid
	

	
	
	
	Aztreonam
	

	
	
	
	Cephalothin
	

	
	
	
	Ceftriaxone
	

	
	
	
	Cefotaxime
	

	
	
	
	Ceftazidime
	

	
	
	
	Cefoxitin
	

	
	
	
	Cefepime
	

	
	
	
	Ertapenem
	

	
	
	
	Imipenem
	

	
	
	
	Meropenem
	

	
	
	
	Nalidixic Acid
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Amikacin
	

	
	
	
	Gentamicin
	

	
	
	
	Tobramycin
	

	
	
	
	Doxycycline
	

	
	
	
	Tetracycline
	

	Brazil
	Seawater from urban recreational beaches
	Escherichia coli (3 strains: ST10, ST46, ST1638)
	Colistin
	[25]
	
	
	
	Amoxicillin
	

	
	
	
	Ampicillin
	

	
	
	
	Cephalothin
	

	
	
	
	Ceftriaxone
	

	
	
	
	Cefotaxime
	

	
	
	
	Ceftazidime
	

	
	
	
	Cefoxitin
	

	
	
	
	Cefepime
	

	
	
	
	Aztreonam
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Nalidixic Acid
	

	
	
	
	Doxycycline
	

	
	
	
	Tetracycline
	

	
	
	
	Sulfonamides
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	
	
	
	Gentamicin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Amikacin
	

	
	
	
	Tobramycin
	

	Venezuela
	Water and plankton from coastal lagoons
	Vibrio cholerae (non-O1/non-O139)
	Ampicillin
	[26]

	
	
	Vibrio alginolyticus
	Cephalothin
	

	
	
	Vibrio parahaemolyticus
	Cefuroxime
	

	
	
	Salinivibrio spp.
	Cefuroxime Axetil
	

	
	
	
	Cefoxitin
	

	Brazil
	Recreational estuary water and sediment
	Vibrio parahaemolyticus
	Penicillin
	[27]

	
	
	V. alginolyticus, V. cholerae (non-O1/non-O139
	Ampicillin
	

	
	
	V. mimicus
	Cephalothin
	

	
	
	V. vulnificus
	Aztreonam
	

	
	
	V. furnissii
	Cefotaxime
	

	
	
	Vibrio spp. (12 more)
	Ceftriaxone
	

	
	
	
	Gentamicin
	

	Brazil
	Seawater from recreational beaches
	Staphylococcus saprophyticus
	Erythromycin
	[28]

	
	
	
	Clindamycin
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	
	
	
	Oxacillin
	

	
	
	
	Penicillin
	

	
	
	
	Gentamicin
	

	
	
	
	Norfloxacin
	

	Brazil
	Water and sediment from Estuary
	Vibrio spp.
	Ampicillin
	[29]

	
	
	
	Aztreonam
	

	
	
	
	Cephalothin
	

	
	
	
	Cefotaxime
	

	
	
	
	Ceftriaxone
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Florfenicol
	

	
	
	
	Nitrofurantoin
	

	
	
	
	Gentamicin
	

	
	
	
	Oxytetracycline
	

	
	
	
	Tetracycline
	

	
	
	
	Streptomycin
	

	
	
	
	Nalidixic Acid
	

	
	
	
	Sulfazotrim
	

	Brazil
	Water and bivalve mollusks from estuarine areas
	Salmonella spp.
	Ampicillin
	[30]

	
	
	
	Tetracycline
	

	
	
	
	Nalidixic Acid
	

	Brazil
	Seawater and sand from coastal recreational beaches
	Escherichia coli
	Ampicillin
	[31]

	
	
	
	Amoxicillin + Clavulanic Acid
	

	
	
	
	Streptomycin
	

	
	
	
	Erythromycin
	

	
	
	
	Tetracycline
	

	
	
	
	Gentamicin
	

	
	
	
	Rifampicin
	

	
	
	
	Penicillin
	

	Brazil
	Seawater from urban recreational beaches
	Enterobacter cloacae
	Imipenem
	[32]

	
	
	Aeromonas sp.
	Nalidixic Acid
	

	
	
	Citrobacter sp.
	Amoxicillin
	

	
	
	Klebsiella sp.
	Cefoxitin
	

	
	
	Kluyvera sp.
	Cefotaxime
	

	
	
	18 Gram-negative bacilli recovered
	Cefepime
	

	
	
	
	Aztreonam
	

	
	
	
	Amikacin
	

	
	
	
	Gentamicin
	

	
	
	
	Ciprofloxacin
	

	Mexico
	Recreational seawater, sediment, shrimp
	Vibrio parahaemolyticus
	Ampicillin
	[33]

	
	
	
	Cefotaxime
	

	
	
	
	Tetracycline
	

	
	
	
	Nalidixic Acid
	

	
	
	
	Gentamicin
	

	Ecuador
	Seawater from recreational beaches
	Escherichia coli
	Ampicillin
	[34]

	
	
	
	Ciprofloxacin
	

	
	
	
	Gentamicin
	

	
	
	
	Tetracycline
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	Brazil
	Water and sediment from estuary
	Aeromonas spp.
	Ampicillin
	[35]

	
	
	A. caviae
	Cephalothin
	

	
	
	A. sobria
	Vancomycin
	

	
	
	A. trota
	Nalidixic Acid
	

	
	
	A. salmonicida
	Tetracycline
	

	
	
	A. allosaccharophila
	Ceftriaxone
	

	
	
	
	Chloramphenicol
	

	Puerto Rico
	Water and sand from recreational beaches
	Enterococcus spp.
	Tetracycline
	[36]

	
	
	
	Vancomycin
	

	Brazil
	Water from recreational beaches
	Escherichia coli
	Ampicillin
	[37]

	
	
	
	Amoxicillin + Clavulanic Acid
	

	
	
	
	Cephalothin
	

	
	
	
	Tetracycline
	

	
	
	
	Chloramphenicol
	

	
	
	
	Ticarcillin + Clavulanate
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	Brazil
	Water and shrimp hepatopancreas from estuarine
	Vibrio spp.
	Ampicillin
	[38]

	
	
	V. mimicus
	Oxytetracycline
	

	
	
	V. marinus
	Cefoxitin
	

	
	
	V. tubiashii
	Nalidixic Acid
	

	
	
	V. hispanicus
	Tetracycline
	

	
	
	V. mediterranei
	Sulfamethoxazole-Trimethoprim
	

	
	
	V. harveyi
	
	

	
	
	V. vulnificus
	
	

	
	
	V. fluvialis
	
	

	
	
	V. alginolyticus
	
	

	
	
	V. metschnikovii
	
	

	Brazil
	Seawater, sand from recreational beaches
	Heterotrophic marine bacteria
	Penicillin
	[39]

	
	
	
	Vancomycin
	

	
	
	
	Erythromycin
	

	
	
	
	Amoxicillin
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Rifampicin
	

	
	
	
	Ampicillin
	

	Venezuela
	Seawater and plankton from coastal marine
	Vibrio cholerae
	Penicillin
	[40]

	
	
	
	Ampicillin
	

	
	
	
	Ampicillin/Sulbactam
	

	
	
	
	Cefoxitin
	

	
	
	
	Cephradine
	

	
	
	
	Cefazolin
	

	Venezuela
	Seawater and oysters
	Escherichia coli
	Penicillin
	[41]

	
	
	Providencia rettgeri
	Ampicillin/Sulbactam
	

	
	
	Kluyvera ascorbata
	Carbenicillin
	

	
	
	Citrobacter freundii
	Cefoxitin
	

	
	
	Morganella morganii
	Cefazolin
	

	
	
	Klebsiella pneumoniae
	Kanamycin
	

	
	
	Enterococcus spp.
	Polymyxin B
	

	Argentina
	Water from Estuary
	Enterococcus spp.
	Ciprofloxacin
	[42]

	
	
	E. faecium
	Streptomycin
	

	
	
	E. faecalis
	
	

	
	
	E. durans
	
	

	
	
	E. hirae
	
	

	
	
	E. raffinosus
	
	

	
	
	E. dispar
	
	

	
	
	E. gallinarum
	
	

	Brazil
	Water and sand from recreational beaches
	Enterococcus spp.
	Erythromycin
	[43]

	
	
	E. faecalis
	Streptomycin
	

	
	
	E. faecium
	Tetracycline
	

	
	
	E. hirae
	Rifampicin
	

	
	
	E. casseliflavus
	Gentamicin
	

	
	
	E. mundtii
	Ampicillin
	

	
	
	E. durans
	Vancomycin
	

	
	
	E. avium
	
	

	Mexico
	Water from estuary and fish
	Listeria monocytogenes
	Ampicillin
	[44]

	
	
	
	Penicillin
	

	
	
	
	Ceftazidime
	

	
	
	
	Erythromycin
	

	
	
	
	Tetracycline
	

	
	
	
	Dicloxacillin
	

	
	
	
	Sulfamethoxazole-Trimethoprim
	

	Argentina
	Seawater
	Marinomonas ushuaiensis sp.
	Vancomycin
	[45]

	
	
	
	Ampicillin
	

	
	
	
	Amikacin
	

	
	
	
	Ciprofloxacin
	

	
	
	
	Kanamycin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Tetracycline
	

	
	
	
	Streptomycin
	

	
	
	
	Erythromycin
	

	
	
	
	Lincomycin
	

	
	
	
	Penicillin
	

	
	
	
	Nalidixic Acid
	

	Brazil
	Water from estuary and ocean
	Yersinia spp.
	Ampicillin
	[46]

	
	
	Y. enterocolitica
	Cephalothin
	

	
	
	Y. intermedia
	Cefoxitin
	

	
	
	Y. frederiksenii (9)
	Cefazolin
	

	
	
	Y. kristensenii (3)
	
	

	Argentina
	Water from estuary
	Escherichia coli
	Streptomycin
	[42]

	
	
	
	Sulfonamides
	

	
	
	
	Tetracycline
	

	
	
	
	Ampicillin
	

	
	
	
	Chloramphenicol
	

	
	
	
	Amikacin
	

	
	
	
	Nalidixic Acid
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