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Use of silver: in and out of medicine 

Medical:

• Topical antimicrobial agent in 
burns

• Topical use for tonsillitis

• Bandages for trauma and diabetic 
wounds

• Silver coated catheters and 
medical devices

• Dental silver amalgams

• Arsphenamine – iv treatment for 
syphilis

Non-medical:

• Desinfect water, e.g. Legionella, 
anthrax

• Sterilize drinking water, e.g. 
space shuttles

• Growth promoter i agriculture

• Additive in foods, traditional 
medicine

• Coating of clothing etc ,e.g. 
sports fabrics, sleeping bags, 
socks

• Coating supermarket surfaces for 
meat storage
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Silver as 

antibacterial in household products
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Use of silver: in and out of medicine

Medical:

• Topical antimicrobial agent in 
burns

• Topical use for tonsillitis

• Bandages for trauma and diabetic 
wounds

• Silver coated catheters and 
medical devices

• Dental silver amalgams

• Arsphenamine – iv treatment for 
syphilis

Non-medical:

• Desinfect water, e.g. Legionella, 
anthrax

• Sterilize drinking water eg space 
shuttles

• Growth promoter i agriculture

• Additive in foods, traditional 
medicine

• Coating of clothing etc ,e.g. 
sports fabrics, sleeping bags, 
socks

• Coating supermarket surfaces for 
meat storage

Traditionally used in clinical settings -> today also outside the clinics!!
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Reports of silver resistance

Salmonella typhimurium resistant to silver nitrate, chloramphenicol and
ampicillin Lancet 1975

Silver-resistant Enterobacteriaceae from hospital patients 
Can J Microbiol 1979 

Instability and linkage of silver-resistance in E. cloacae                
J Clin Pathol 1976 

Gentamicin- and silver-resistant Pseudomonas       
BMJ 1979 

Plasmid-determined silver resistance in Ps. stutzeri     
J Bacteriol 1984

Plasmid mediated silver resistance in A. baumannii  
Biometals 1994

Plasmid mediated resistance to silver ions in E. coli
Indian J Med Res 1985
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Modes of resistance

- Efflux mechanisms (encoded by sil genes)

- Silver binding peptides (silE)
Gupta et al, Microbiol 2001

- Peptide-mediated tolerance 
Sedlak et al, Appl Environ Microbiol, Epub ahead of print
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Diversity of silver resistance genes

Comparison of the:

-pMG101 sil determinant 

-E. coli K-12 and O157:H7 agr

homologues. 

-> up to 4% variation

-> wide distribution of 
homologues

Gupta et al. Microbiology (2001)
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Diversity of silver resistance genes

Located on plasmid-> 

horizontal gene transfer of silver 
resistance!

Gupta et al. Microbiology (2001) 8



Development of resistance in vitro

Tambe et al. JAC 2001
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Susceptibility to silver nitrate in 

common human pathogens in Denmark

S. aureus (bacteremia):

MSSA, 1972-2007      N = 130

MRSA, 2001-06            N =   70

(Various mec-types)

Total                      N = 200

E. coli

Human bacteraemia        N = 34

Human UTI                             N = 34  

Human volunteers                N = 34

Chicken                                   N = 34

Chicken meat                        N = 34 

Pigs                                         N = 34

Pork                                        N = 34 

Total                                        N = 238

For each group, strains were 
chosen to vary in antibiotic 
susceptibility, from no - to 
multiple-resistant
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Susceptibility to silver nitrate in 

common human pathogens in Denmark

S. aureus (bacteremia):
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(Various mec-types)

Total                      N = 200
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Human bacteraemia        N = 34
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Control silver-nitrate resistant isolates from Åsa Melhus, MIC ≥ 128 mg/L
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Prevalence of 

resistance to silver in a Burns unit

117 bacterial non-duplicate clinical isolates from 71 patients :

Only one isolate, an Enterobacter cloacae, was resistant with an MIC of silver 
of >5440 μg/mL. 

Ip et al, J Hosp Infect 2006 13



Silver-palladium 

surfaces inhibit biofilm formation

Chiang et al, Appl Environ Microbiol 2009

Or do they?
In the case of a high load of a silver resistant E. coli J53 
pMG101 biofilm occured upon a layer of surface-
associated dead bacteria

Live bacterial cells

Dead bacterial cells
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Cross-resistance

Li et al, J Bacteriol 1997

Silver resistant mutant of E. coli selected after stepwise 
exposure to silver nitrate or silver sulfadiazine
-> low-level cross-resistance to cephalosporins and HgCl2
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IncHI2 plasmid from 

extraintestinal pathogenic E. coli

terY3Y2XY1W, terZABCDEF

silESRCBAP

pcoEABCDRSE

aadA

aac3-VI

tetAR

qacE 1

SulI

Potassium tellurite 

Silver nitrate

Copper sulfate

Streptomycin

Gentamicin

Tetracycline

Benzylkonium chloride

Sulfisoxazole

Genes     Phenotype                                             

Johnson et al, Antimicrobial Chemother 2006

Co-resistance
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Characteristics 

of silver resistance isolates

Sütterlin et al, Acta Derm Venereol 2012
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Characteristics 

of silver resistance isolates

Sütterlin et al, Acta Derm Venereol 2012
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Silver R after 
2 x exposure

Cross-resistance



The prevalence of 

resistance to silver in a Burns unit

117 bacterial non-duplicate clinical isolates from 71 patients 

Only one isolate, an Enterobacter cloacae, was resistant (MIC >5440 μg/mL)

-> extended-spectrum beta-lactamase (ESBL) producer, and was multi-drug 
resistant (only susceptible to imipenem)

Ip et al, J Hosp Infect 200619



Silver resistance linked to E. coli ST131

ST131: associated with the CTX-M-15 extended-spectrum beta-
lactamase, has emerged internationally as a multidrug-resistant 
pathogen causing serious infections

Plasmid: a hybrid between a ST131 plasmid and a Klebsiella 
pneumonia plasmid

Plasmid was associated with a major nosocomial outbreak

Resistance to b-lactams, aminoglycosides, tetracyclines, 
trimethoprim, sulphonamides, macrolides, silver, copper and 
arsenic.

Sandegren et al, J Antimicrobial Chemother 2012



Argyria induced by silver

Argyria – deposit of silver in tissues e.g. skin

53-year old man in good general health

8-month progressive gray hyperpigmentation

Denied using any prescription medications

Induced by silver-containing dietary supplement

Bowden et al, J Cutan Pathol 2011

Tonsillitis - silver nitrate  is used topically: Cumulative 
dosage needed to produce argyria ~ 6 g

Syphilis – silver arsphenamine is used IV: Argyria 
becomes clinically apparent after the exposure to 8 
doses  ~ a total dose of silver of 1.84 g
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Silver: conclusions

• Resistance occur in human pathogenic bacteria 

• Cross- and co-resistance have been shown:
– > selection by other antimicrobials likely

• At the moment, prevalence of silver resistance is low

• Silver – a health concern??
– Increase awareness -> i.e. monitoring of resistance (and 

consumption) needed to avoid future spread
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