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Bottled water

ÅMineral water

ÅSpring water

ÅBottled water

ÅWater dispensers



Cholera in Portugal 1974
2467 hospitalised cases and 48 deaths
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Cholera cases in Lisbon 1974
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Total cases in Lisbon

Cases known to have 
consumed bottled 
water, visited the spa or 
worked at the spa within 
5 days of symptoms
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SalmonellaBareilly, USA 2000

ÅMulti -state outbreak April-August.

Å84 persons affected.

ÅAssociated with drinking bottled water (spring 
water or óinfantô water) or with water from a 
linked private well or spring.

ÅWater treated by filtration, UV and ozonization, 
but E.coli and coliforms detected in some samples 
suggesting poor application of treatment. 

ÅMMWR 2002;51:SS1-28 



Campylobacter jejuni,USA 1997

Å106 soldiers became ill after a training 

exercise in Greece

ÅGreek bottled water identified as the source

ÅNo further information available
ÅMMWR 2000;49:SS4 1-21.



Vibrio choleraenon O1, Saipan, 

Northern Mariana Island 1994

Å11 patients infected

ï4 hospitalised

ÅPublic tap water is too salty to 
drink

ÅGeneral use of bottled reverse 
osmosis treated municipal 
water 

ÅMulti -use bottles 

ïHot water and chlorine cleaning

ÅColiforms detected in bottled 
water 

ïpoor cleaning of returned bottles 
suspected

MMWR 1996;45:SS1-33.



SalmonellaKottbus 

Gran Canaria 2006
Å46 cases

ÅCase-control found significant 

association with bottled water 

and natural fruits

ÅPigeons implicated as source

Palmera-Suarez,R., Garcia,P., Garcia,A., Barrasa,A., and Herrera,D. (2007) 

SalmonellaKottbus outbreak in infants in Gran Canaria (Spain), caused by 

bottled water, August-November 2006. Euro. Surveill 12: E070712.



Pseudomonas aeruginosa

outbreak

Å19 patients in ICU in a 

German Hospital

Å15 infections and 4 

colonisations

ÅSame type from 

bottled water and 

patients

Eckmanns,T., Oppert,M., Martin,M., Amorosa,R., Zuschneid,I., Frei,U. et al. 

(2008) An outbreak of hospital-acquired Pseudomonas aeruginosa infection 

caused by contaminated bottled water in intensive care units. Clin. Microbiol. 

Infect. 14: 454-458.



Natural Mineral Water Microbiological 

analysis must include:

Å a demonstration of the absence of parasites and pathogenic 

organisms, quantitative determination of the indicators of faecal 

contamination, showing:

ï absence of Escherichia coli and other coliforms in 250 ml,

ï absence of faecal streptococci in 250 ml,

ï absence of sporulated sulphite-reducing anaerobes in 50 ml and

ï absence of Pseudomonas aeruginosa in 250 ml.

Å determination of total viable colony count per millilitre of water at 

20-22 C in 72 hours on agar-agar or agar-gelatine mixture; and 

at 37 C in 24 hours on agar-agar.
Å It may be necessary to carry out analysis of parasites (Giardia, Cryptosporidium, parasitic 

helminths, amoebae) and pathogens (Salmonella spp., Shigella spp., Aeromonas hydrophila 

spp. and Vibrio spp.) in specified volumes of water at not less than six monthly intervals over 

two years. 

Å Quantitative determination of the indicators of faecal contamination (E. coli and other 

coliforms) should be carried out at least every month for two years. The total viable count 

should be measured every month for two years and should be no higher than normally 

observed (i.e. there should be no evidence of occasional contamination).



Natural Mineral Waters
Parameter Permitted 

concentration or value

Sampled within 12 h 

of bottling

Eschericiacoli 0/250ml

Faecal streptococci 0/250ml

Ps. aeruginosa 0/250ml

Sulphite reducing clostridia 0/50ml

Parasites / pathogens Absent

Colony count at 22oC / 72 h 100/ml

Colony count at 37oC / 48 h 20/ml



Spring, Bottled and Dispenser Waters
Parameter Permitted 

concentration or value

Sampled within 12 h 

of bottling

Coliforms/ E. coli 0/250ml

Enterococci 0/250ml

Ps. aeruginosa 0/250ml

Colony count at 22oC / 72 h 100/ml

Colony count at 37oC / 48 h 20/ml



Comparison of aerobic colony counts at 22C for 5 days and 37C for 2 days
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Bacteria found in Bottled water
Acinetobacter junii

Burkholderia cepacia

CDC gr.IVC-2d

Commamonas sp.

Flavobacterium oryzahabitans

Moraxellasp.

Sphaeromonas paucimobilis

Staphylococcusspp.

Ralstonia pikettii

Stenotrophomonas maltophilia

Benito et al, 1999. Int J Food Micro

Hernandz-Duquino & Rosenberg, 1987 Can J Micro

Hunter 1993 J Appl Micro

Manaia et al, 1990 J Appl Bact

Pseudomonas acidovorans

Pseudomonas aeruginosa

Pseudomonas alcaligenes

Pseudomonas diminuta

Pseudomonas fluorescens

Pseudomonas mesophilica

Pseudomonas paucimobilis

Pseudomonas pseudalcaligines

Pseudomonas putida

Pseudomonas stutzeri

Pseudomonas vesicularis



Growth of bacteria in bottled water

ÅPCA diluted ¼ and 1/10

ÅFew qualitative or 
quantitative differences 
between counts at purchase 
and after 6 months at room 
temperature

Benito et al, 1999. Int J Food Micro

Hernandz-Duquino & Rosenberg, 1987 Can J Micro

Hunter 1993 J Appl Micro

Manaia et al, 1990 J Appl Bact



Survival of Escherichia coliO157 in natural mineral 

water (NMW), Sterile mineral water (SMW) and 

sterile distilled deionised water (SDW) 
(Kerr et al, 1999 J Appl Micro)
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Effect of Escherichia coliO157 added to natural 

mineral water (NMW) on the autochthnonous flora
(Kerr et al, 1999 J Appl Micro)
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Growth kinetics of Pseudomonas 

aeruginosa in bottled water
Tamagnini & Gonzalez 1997

ÅCounts of Ps aeruginosa increased to between 103

and 106/ml within 6 days of bottling

ÅDoubling time 26 hours with accompanying flora

ÅDoubling time of 3.6 hours in sterile water



Protozoa

ÅNaegleria gruberi

ÅAcanthamoeba astronyxis

ÅValkampfia valkampfi

ÅBodomorpha minima

ÅCryptosporidium spp.

ÅGiardia spp.



Algae

Green

ÅActinastrum

ÅAnkistrodesmus

ÅStaurastrum

ÅEudorina

ÅOocystis

ÅScenedesmus

ÅTetraedron

Blue-green

ÅAgmenellum

ÅAnabena

ÅCylindrospermum

Diatoms

ÅBacillaria

ÅCyclotella

ÅMelosira

ÅSynedra



Anabena

circinalis

Aphanizomenon

flos-aquae

Cylindrospermopsis

raciborskii

Oscillatoria

 spp

Oscillatoria

(Planktothrix)

agardhii

Microcystis 

aeruginosa



Viruses
Å A group in Switzerland has reported the

detection of Norwalk-like viruses (NLVs)
in mineral waters (Beuret et al. 2000 and
Beuret et al. 2002)

Å The first described the detection of NLV
in 21 x 1.5 litre samples of 69 mineral
waters from 11 out of 29 different brands

Å The second reported detecting NLV in 53
out of 159 samples tested from 3 brands
and contamination was confirmed by
testing further samples from positive
batches. Waters were either imported
into Switzerland or bottled there

Å One-litre and 0.1-litre volumes of water
were tested. All positives occurred in the
one-litre volumes.

Å It is likely that non-viable virus sequences
were detected



Campylobacter spp.

ÅOutbreaks tend to be small

ÅOutbreaks associated with 
private water supplies

ÅSeasonal changes in 
incidence

ÅContinuing increase in cases

ÅEpidemiology remains 
unclear

ÅCase case association 
between Campylobacter and 
bottled water (Evans et al, 
2003)

Virginia-Maryland Regional College of Veterinary Medicine, 

Blacksburg, Virginia.


