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Summary
Consumers believe that bottled water is a safe, natural product. However, scientists have shown
that certain kinds of bottled water may cause infections especially in patients with compromised immune system. Under normal circumstances, the microbial population of bottled water
is that which is indigenous to the source of the water (autochthonous flora). Such flora is considered to pose no risk to human health provided the European regulations governing the
packaging of bottled water are adhered to. On the contrary, allochthonous bacteria in bottled
water can cause water-born infections in humans. Therefore, scientists in recent years have focused on identifying and characterizing these emerging allochthonous bacteria in bottled
water. Using modern molecular techniques, scientists have identified a large number of emerging bacterial pathogens present in bottled water some of which exhibit resistance to many antibiotics. Examples of such bacteria include: The pathogenic Escherichia coli (E. coli);
Campylobacter jejuni (C. jejuni); Legionella pneumophilae (L. pneumophilae), the non-tuberculous
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or Environmental Mycobacteria (NTM), Aeromonas hydrophila and Helicobacter pylori. Guidelines
governing the testing of bottled water for the presence of emerging bacterial pathogens do
not exist. This, coupled with the absence as yet of specific surrogate indicators for these bacteria, makes the regular testing of bottled water practically non-existent. Therefore, the use of
adequately sterilized water is strongly recommended for patients with extreme health issues
leading to immune-compromised systems.

Emerging bacteria, waterborne pathogens,
bottled water safety

Key words

Introduction

102

In recent years there has been an explosive increase
in consumption of bottled water worldwide. According to the World Watch Institute, consumption of
bottled water during 1990-2005 quadrupled (50 billion liters per year).1 This was attributed to the consumers’ belief that bottled water was a safe, healthy and
natural product. As a result of research outcomes indicating that certain bottled waters caused intestinal
and gastrointestinal infections especially in immunocompromised patients, the industry of bottled water
was forced to introduce tighter controls in the collection, treatment and packaging of such water.
At the international level there are three categories
of bottled water: Natural mineral water, spring water,
and table water from various sources.2 The source of
the natural mineral water is a protected underground
source, presumably free of pathogens and, thus, not
treated by either pasteurization, sterilization or other
means in order to eliminate or reduce the number of
microorganisms. On the contrary, spring water and
table water from various sources are treated by ozonisation or UV light in order to comply with regulatory
requirements when these exist.3
Present research studies are primarily focused on
the identification of the presence of microorganisms
in natural non-carbonated mineral water for two reasons: a) the low pH of carbonated water does not normally favour the growth of microorganisms and, b)
natural mineral water is not subject to any degree of
treatment prior to or during bottling as is the case
with the other two types of bottled water. On the con-
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trary, natural mineral water contains the autochthonous flora which for many years was considered to
pose no risk to human health.
Emerging waterborne pathogens in bottled water
are mainly of two types: The previously known bacteria which only recently were recognized as waterborne pathogens such as members of the Legionella
spp., Aeromonas spp., Mycobacteria spp., and certain
other bacteria that are enteric in origin;4 and the recently identified waterborne microorganisms such as
the Escerichia coli O157:H7.
A number of factors contribute to the recovery of
waterborne pathogens from bottled water samples.
These include, the development of new specific and
more sensitive molecular, immunological, and immunomagnetic methods which allow for the correct
identification of waterborne pathogens; the increasingly wide variety of identified microorganisms both
autochthonous and allochthonous present in bottled
water; the appearance of a wide variety of genes with
diﬀerent pathogenic activities and which are under
the influence of environmental factors; the indiscriminate use of antibiotics leading to waterborne pathogens with increased resistance to antibiotics; changes
in the immune system of humans as a result of exposure to pathogens in bottled water; and lastly, the low
infectious dose of certain waterborne pathogens.5

Emerging Bacterial Pathogens of Concern
A. Infectious E. coli
E. coli is a gram-negative, facultative, anaerobic, rod-
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shaped bacterium. Most strains of E. coli colonize the
digestive tract of warm-blooded animals including humans. Usually are non pathogenic but certain strains
possess virulence factors that are the cause of infections leading to diarrhea in humans.
Pathogenic E. coli are divided into six groups: enterohaemorrhagic (EHEC), enteroaggregative (EAEC), enterotoxinogenic (ETEC), enteroinvasive (EIEC), enteropathogenic (EPEC), and diﬀuse adherent (DAEC).6
Among the pathogenic E. coli, the presence of E. coli
O157:H7 is of particular significance in bottled water
since it has been implicated in outbreaks of gastroenteritis following the consumption of municipal water,7
and often causing symptoms of bloody diarrhea and
hemolytic syndrome.8 The severity of symptoms depends on the number of microorganisms ingested,
the individual’s health status and resistance to the
toxins produced by the microorganisms.9 The infectious
dose of EHEC strains is very low (<100 cells). E. coli
O157:H7 is known to survive in water at 15-18º C for
4-12 weeks.10,11
Known sources of water contamination with E. coli
O15:7H7 are primarily cattle and human excreta.
Human excreta are also the source of other pathogenic E. coli strains.12
The majority of coliform bacteria isolated from
bottled water, colonize the gastrointestinal tract without causing disease in healthy consumers. E. coli
strains isolated from either tap or bottled water are
not easily diﬀerentiated between pathogenic and
non-pathogenic species. However, because of the severity of infections following the consumption of
bottled drinking water containing pathogenic E. coli,
various methods are proposed for the detection and
characterization of E. coli O157:H7. Methods proposed
by De Boer and Heuvelink13 including the enzyme-linked immunosorbent assay (ELISA), colony immunoblot assays, the direct immunofluorescent filter
technique and several immunocapture techniques for
the detection of Shiga toxin of E. coli O157:H7 are
most promising. The colorimetric method described
by Su, Zhao, Qiao, Chen, Duan, Ai14 in which functional
Au@Pt immunoparticles as peroxidase mimetics are
used, has also proven to be reliable. A study by Vasudenaven,15 observed that EAEC in bottled mineral
water survive for quite a long time.
B. Campylobacter jejuni
Campylobacter species are generally recognized as
the most common cause of bacterial gastroenteritis
worldwide.16 Campylobacter is a waterborne pathogen that can survive for extended periods in water in
a viable but non-culturable (VBNC) stage.17 Campylobacter, under the influence of environmental factors

shifts rapidly to VBNC forms and lose their ability to
be cultivated. These tend to recover within 7 days following inoculation into embryonated eggs.
The survival of C. jejuni strains in bottled water was
studied by Guillow et al.18 after inoculation of this
strain in bottled water with diﬀerent mineral content
and maintained at 4º C in the dark. It was shown that
bacteria survived for 28-48 days and that their survival
time increased with increasing levels of mineral in
water and depended on the type of water, the strain
studied and culture conditions.
Bottled water has been considered as a possible
risk factor due to Campylobacter infection.18 Based on
the epidemiological observations reported by Evans
et al.,20 bottled drinking water is one of the five leading risk factors for sporadic Campylobacter infections
along with the consumption of cooked chicken, a certain tomato-cucumber sauce and following contact
with animals. The only case of documented outbreak
due to C. jejuni has been reported by the Center of Disease Control (CDC) in United States of America
(U.S.A) and involved 106 guardsmen of the Minesota
Army National Guard during a session of training exercises in Greece. The source of the outbreak was bottled water produced in Greece.21
C. Legionella pneumophila
Legionella species survive in the aquatic environment
under various conditions of pH (0.5-8.5) and temperature range (0-63º C) with optimum growth at 20-50
C.22 Legionella species develop symbiotic relationships
with other bacteria such as Flavobacteria, Acinetobacter and Alcaligens.23 Protozoa such as Hartamella, Acathamoeba etc., naturally found in the water, harbor
Legionella spp. and thus creating for them suitable
conditions for their propagation while protecting
them from detrimental environmental conditions. A
similar situation exists with their existence in biofilms.
The most frequently isolated Legionella species is
L. pneumophila, the causative agent of pneumonia
with high mortality rates especially in immuno-compromised patients. As a respiratory pathogen it is transmitted mainly by inhalation. It can also be transmitted
by micro aspiration of the stomach contents following
the ingestion of contaminated water.24
This is especially true for transplanted patients who
are particularly sensitive to Legionella infections.25 In
these patients 23% of pneumonia cases are due to
these waterborne pathogens. The infectious dose
among immuno-compromised hosts is low. It has
been reported that even a dose as low as one colony
forming unit (cfu)/L is suﬃcient to cause infection in
immuno-compromised patients.26 On the contrary, in
healthy individuals only a large dose of these bacteria
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present in certain water systems such as showers, cooling towers or whirlpool baths all of which generate
aerosols can become infective.
Guidelines for Legionella have been developed in a
few countries. Such guidelines are related to the control of Legionella in cooling towers and piped water
systems established outside municipal water distribution networks.27 In addition guidelines exist for the
heating, ventilation, and air conditioning industry.
These aim at reducing the Legionella growth in such
systems.28 Guidelines for microbiological testing of
bottled water issued by CDC, World Health Organization (WHO) and the Food and Drug Administration
(FDA) of U.S.A. do not include testing for Legionella
growth presumably because no cases of infection are
linked to these bacteria although their presence has
been reported lately by Klont, et al.29 These investigators examined bottled mineral water originating from
diﬀerent countries by various techniques including
PCR, ELISA and cultures. Of the 68 samples of bottled
mineral water tested, six were positive for Legionella
antigens and 6 of L. pneumophila in PCR. Two of these
samples were positive for Legionella antigen and L.
pneumophila PCR. The remaining four positive PCR
have been reported to detect VBNC L. pneumophila or
possibly dead Legionella cells. The presence of VBNC
bacteria in bottled mineral water poses a risk for infection in immuno-compromised patients since reactivated VBNC of Legionella cells retain their virulence
in human monocytes.30 Miller, et al 31 reported that an
outbreak of Pontiac fever was due to a non-culturable
L. pneumophila strain that was detected only by PCR
and a direct fluorescent antibody test. Totaro et al 32
also underlined the importance of using molecular
methods instead of routine microbiological indicators.
qPCR showed the presence of Legionella qPCR units
in 24% of samples (from 1.1 x 102 to 5.8 x 102 qPCR
units/L).
D. Non-tuberculous or Environmental Mycobacteria
Mycobacteria belong to the family Mycobacteriaceae
and the genus Mycobacterium. Mycobacteria are
gram-negative, non-sporogenous obligatory aerobic,
intracellular microorganisms, resistant to environmental conditions. Mycobacteria (other than those causing
tuberculosis and leprosy) are divided into four groups
based on growth rate and pigmentation properties.32
They are further categorized into rapidly and slowly
growing (> or <7 days) species. The majority of the
mycobacteria are Non-Tuberculous – Mycobacteria
(NTM) called also Environmental Mycobacteria and
they are ubiquitous in the environment. Environmental mycobacteria are opportunistic pathogens with
varying pathogenic eﬀects.34
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It has been shown that various types of environmental mycobacteria are present in drinking water
particularly in municipal water supply networks and
in bottled water.32 These microorganisms colonize the
surfaces of the tubes creating biofilms, both in the distribution system of municipal water supplies, and on
the inner surfaces of PET bottles used in bottling
water.35 The production of the biofilm seems to depend on the mycobacterium strain, the existence of
divalent ions such as Ca++, Mg++ , and Zn++ as well as
the presence of trophic factors in the aquatic environment.36 In addition, the existence of glucopeptidolipids located on the exterior of the cell envelope of
mycobacteria helps their adhesion on abiotic surfaces
creating biofilms, and thus increasing their survival
time.
Opportunistic pathogenic environmental mycobacteria adapt to the oligotrophic water conditions
and remain there for a long time because of their high
resistance to the disinfectants used. Most environmental species including M. gordonae, M. avium, M.
flavescense, M. kansasii and others isolated from drinking water are slow growing while M. smegmatis, M.
chelonae and M. phlei are rapidly glowing.37 The infectious dose depends on the mycobacteria species,
their concentration in the water the human body is
exposed to, and to the condition of the human immune system. Normally, the concentration of these
bacteria in mineral water is low, and non-infectious in
healthy people. However, people with a weak immune system and particularly individuals with low
CD4 cells should be oﬀered bottled water with caution.38 It has been estimated that in the U.S.A. 25-50%
of individuals with human immunodeficiency virus
(HIV) infections will develop environmental mycobacterial infections that aﬀect the lungs, lymph nodes,
skin and soft tissue.40
One of the most important opportunistic pathogens causing waterborne infections is M. avium. This
conclusion was based on the observations that the
DNA fingerprints of M. avium isolated from municipal
drinking water in which patients with AIDS were exposed to, were the same as those isolated from clinical
samples of these patients.37 On the contrary, no such
observations were reported in AIDS patients who consumed bottled water. Studies where the presence of
environmental mycobacteria was controlled resulted
in varying conclusions. Holtzan41 reported negative
results for mycobacteria when testing bottled water
samples. Caroli et al.42 screened 84 samples of bottled
mineral water and found 7 positive samples (10.7%)
for mycobacteria including 4 with M. gordonae, 1 with
M. phlei, 1 with M. sphagni, and 1 with M. flavescons.
The concentration of mycobacteria was low except for
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M. sphagni for which the prevalence was much higher.
Papapetropoulou et al.43 reported the isolation of environmental mycobacteria in 23 of 150 bottled table
water samples tested - a proportion of 15.6 % at a concentration of 1-103 //L. Species detected in culture and
identified by molecular methods such as PCR and REA
included 14 samples with M. chelonae, three with M.
phei, four with M. gordonae and two with M. flavencens. Of the 150 bottled table water samples tested,
16 or 10.6% were not suitable for consumption according to Greek guidelines. The corresponding number
found by Venieri et al.44 was 13.95%. This proportion
was even greater (21.2%) reported by Mavridou et al.45
Donato et al.46 isolated five species of environmental
mycobacteria three of which were M. chelonae, one
was M. gordonae and one belonging to Ryan group II
from a total of 53 bottled mineral water samples an
incidence of 10.6%. Data regarding the infectious
dose of these bacteria in immuno-suppressed individuals consuming bottled drinking water is desirable.
E. Aeromonas species
The potential environmental source for Aeromonas
spp implicated as the causative agents in gastrointestinal disorders was first published by Holmerg et al.47
Various species of the genus Aeromonas are ubiquitous in the aquatic environment and are a significant
part of the autochthonous flora of the water. Aeromonas are mesophilic motile or psychrophilic non-motile
Gram-negative bacteria. Many species of the genus
Aeromonas are not pathogenic to humans. Reported
pathogens for humans are A. hydrophila, A. caviae and
A. veronii representing almost 85% of the bacteria that
are isolated clinically. These bacteria produce severe
infections mainly in immuno-compromised hosts, suffering from septicemia, peritonitis, wound infections,
myonecrosis and hepatic cirrhosis.48,49 In humans with
a healthy immune system certain Aeromonas species
may be responsible for traveler’s diarrhea.50 The Aeromonas species produce a wide range of extracellular
enzymes including enterotoxins, proteases, phospholipases, haemolysins, and adhesions that may cause
damage in the cells of the host.51 A. hydrophila is considered the most dangerous pathogen of the Aeromonas species as it produces a large number of
diﬀerent enterotoxins52 and it survives for a long time
in bottled mineral water.53 The infectious dose of A.
hydrophila has not been established conclusively as
yet. Certain studies reported this dose to be high with
only a small number of the study participants suﬀering infection.54
Croci et al.55 study the survival and growth of A. hydrophila isolates added to bottled mineral water with
low, medium and high mineral content and maintai-

ned in temperatures at 10ºC and 20ºC. Analysis of
samples was performed at several time intervals up
to 60 days. The results of such experiments indicated
that the growth of A. hydrophila depended on the mineral content of the water, the temperature, the
length of storage and the type of container used. The
growth of A. hydrophila was optimum at low mineral
content of the water, and at a temperature of 10ºC.
The most robust proliferation was observed at 28
days. These findings are in agreement with the findings of Warburton et al.56
A few countries including those of the Netherlands,
Canada and Italy suggested the introduction of guidelines pertaining to the detection of Aeromonas species in drinking water. As a result, in 1997 Italy
established the maximum permissible levels for Aeromonas species in natural mineral waters. These were
10 cfu/100 ml of water at source and 100 cfu/100 ml
after bottling.57 However, at the end of 1998 these values were withdrawn and new guidelines were published. In Canada the Food and Drugs Act included
criteria for Aeromonas hydrophila and standards were
set for bottled water at 0 cfu/100 ml.56 For Netherlands
the corresponding levels were set at 200 cfu/100 ml
of water.
In 1998 an assessment for the presence of Aeromonas species in a certain mineral water brand of bottled
water in Italy was performed and all samples tested
were found to be negative. However, a small number
of A. caviae was constantly present without causing
gastrointestinal disturbances in consumers.58
The routine identification of a virulent strain of Aeromonas species detected in water is often diﬃcult as
it requires the use of modern molecular techniques.
The Biscardi et al. 59 results of a survey showed that six
strains of A. hydrophila isolated from 61 samples of
bottled mineral water were found to be cytotoxic. Molecular investigation revealed that these strains possessed an aerolysin gene.
The presence of Aeromonas species in bottled water has been documented by scientists who utilized
various techniques including sequencing, 16SrDNA,60
q PCR,61 and macrorestriction analysis of genomic
DNAs with x bal and PFGE.58
De Oliverra Scoaris et al.,62 recovered six Aeromonas
in samples from 47 bottles of mineral water. Two of
the six were A. hydrophila); one was A. jandaei while
in three samples Aeromonas were not identifiable.
Ahmed et al.61 tested 16 brands of bottled water for
microbiological content in Bangladesh using qPCR technology. Nine (56%) of these brands contained A.
hydrophila lip.gene srains, responsible for causing septicemia and gastrointestinal disorders in children, elderly and immuno-compromised hosts. Hareesh et
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al 63 using PCR assay, detected Aeromonas spp in 16%
of the 25 samples of bottled water tested. While these
results indicate that there is a need for constant identification and characterization of pathogens in water,
the scientific community suggests that any controls
for Aeromonas in water should be used as sanitary
quality indicators only.
Todate, the link of Aeromonas species in bottled
water with outbreaks of disease has not been established conclusively.58 This is due partly to lack of guidelines in the various countries and the fact that most
species of Aeromonas isolated from bottled water are
avirulent. Furthermore, the routine identification and
characterization of toxic agents of the various Aeromonas that may express pathogenic activity is a diﬃcult task.
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F. Helicobacter pylori
Infections with Helicobacter pylori (H. Pylori) are very
common worldwide. It is estimated that 50% of the
population in developed countries is infected with
this pathogen. An incidence of 90% is reported for developing countries and this incidence involves mainly
children.64,65
H. pylori is a Gram-negative spiral bacterium, motile,
that colonizes the gastric mucosa and causes severe
stomach gastritis which may develop into a gastric
cancer. Morphologically it occurs in two forms: the
spiral and the coccoid. The spiral forms can be cultured
and isolated with culture methods from clinical
samples, while its coccoid form are recovered from
the aquatic environment where H. pylori is subject to
various environmental conditions.66 These are not cultivable and their presence is confirmed only by molecular techniques such as PCR and fluorescent in situ
DNA hybridization.67
H. pylori has been shown to survive for periods ranging from days up to weeks in water at temperatures
of 4-25ºC.68
The mode of transmission of H. pylori remains unclear. Diﬀerent routes have been proposed including
the oral-oral, gastric-oral and faecal-oral routes.69
Presently, existing controls for H. pylori in bottled
water are inadequate and very limited. Bahrami et al.70
was unable to detect H. pylori in bottled water when
up-to-date molecular techniques were applied. Banjbar et al 71 using molecular techniques documented
the presence of H. pylori in 8 of the 450 samples studied (1.77%). The level of H. pylori in the samples tested
was higher in the month of July. The U.S. EPA lists H.
pylori as an emerging waterborne pathogen but ranks
it second for risk to humans. Therefore, it is not known
whether H. pylori can be transmitted to humans via
drinking of bottled water. Gesumaria72 identified a
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large number of microbial loads in water bottled water
when cloning and sequencing of the 16SrRNA gene
were used. Some of them including Stenotrophomonas
maltophilia were thought to be dangerous opportunistic pathogens especially in patients with cystic fibrosis.73 Also Brevundomonas vesicularis has been shown to cause pneumonia, meningitis, peritonitis and
bacteraemia in immuno-compromised patients.74 Furthermore, the bacteria Bulkholderia cepacia, Sphigomonas paucimobilis, Raoultella terrigena, Ralstonia picketti, and Delfia acidovorans are some of the bacteria
that have been isolated from natural mineral waters.75
Such bacteria, although not very common in bottled
water, they are, nevertheless, infectious. Leclerc and
da Costa.76 Venieri et al.77 isolated Aeromonas species,
Pasteurella, Citrobacter, Flavobacterium and Providencia
present in bottled non-carbonated water samples
from various local brands in Greece.
Resistance to antibiotics in emerging bacterial pathogens present in bottled water is a major concern
to health oﬃcials and to the public at large. Messi et
al.78 studied the antibiotic resistance of Pseudomonas
spp, Burkholderia spp, Agrobacterium/radiobacter isolated from mineral waters. Strains with multi-antibiotic resistance represent 55% of the isolates and the
most resistant organisms belonged to the genus Pseudomonas.

Conclusions
To-date, the various types of bottled water available
for human consumption in many countries are not regularly tested for the presence of emerging bacterial
pathogens. There are several reasons for this and include a) the lack of guidelines imposing regular monitoring of bottled water, b) the absence of adequate
surrogate indicators for the bacteria in question and,
c) with the exemption of E.coli and C. jejuni, there are
no reports for any serious outbreaks that can be conclusively attributed to the consumption of bottled
water containing the emerging waterborne microorganism discussed above.21 Nevertheless, the limited
data available indicate that bottled water contaminated with emerging pathogens is a risk especially to
humans who are immune-compromised. The incidence of people with weak immune systems is on the
rise mainly due to increased lifespan, climate changes
and unhealthy eating habits. These factors along with
the exponential increase of bottled water manufacturers and its ever increasing consumption by the
human population necessitate the formulation of
strict guidelines across the countries. Such guidelines
should include the use of surrogate indicators detec-
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ted by molecular techniques and surrogate markers
appropriate for detecting the presence of these emerging pathogens in bottled water. Furthermore, health
care givers should be aware of the potentially harmful
health eﬀects bottled drinking water may have in patients with serious illness and whose immune system
may be compromised and should suggest that sterile

water be consumed rather than bottled water. Resistance of emerging waterborne pathogens to antibiotics is of concern. In conclusion, the use of appropriate
methodology is warranted for the identification and
characterization of newly emerging waterborne bacteria especially the pathogenic E. coli in bottled water.

Περίληψη
Αναδυόμενα παθογόνα βακτήρια στο εμφιαλωμένο νερό
Μαρία Παπαπετροπούλου1, Αθηνά Μαυρίδου2
Πανεπιστήμιο Πάτρας, Πάτρα
2Τμήμα Ιατρικών Εργαστηρίων, ΑΤΕΙ, Αθήνα

1

Γενικά στους καταναλωτές υπάρχει η αντίληψη ότι τα εμφιαλωμένα νερά είναι ασφαλή, φυσικά
προϊόντα. Εντούτοις μελέτες έχουν δείξει ότι μερικά από τα εμφιαλωμένα νερά μπορούν να
προκαλέσουν λοιμώξεις, ιδίως σε ανοσοκατεσταλμένους ασθενείς. Σε κανονικές συνθήκες ο
μικροβιακός πληθυσμός του εμφιαλωμένου νερού είναι αυτός της πηγής προέλευσής του (αυτόχθονος χλωρίδα). Ένας τέτοιος πληθυσμός δε θέτει σε κίνδυνο τη δημόσια υγεία, με την
προϋπόθεση βέβαια ότι ακολουθούνται όλοι οι ευρωπαϊκοί κανονισμοί σχετικά με την εμφιάλωση του νερού. Αντίθετα, βακτήρια που δεν ανήκουν στην αυτόχθονη χλωρίδα του εμφιαλωμένου νερού ή αλλιώς «αλλόχθονα», μπορεί να προκαλέσουν υδατογενείς λοιμώξεις στους καταναλωτές. Για το λόγο αυτό τα τελευταία χρόνια μελετητές έχουν εστιάσει στην ανίχνευση και
ταυτοποίηση τέτοιων παθογόνων στα εμφιαλωμένα νερά. Με τη βοήθεια των μοριακών τεχνικών έχει ανιχνευθεί ποικιλία βακτηρίων, πολλά από τα οποία μάλιστα παρουσιάζουν αντοχές
στα αντιβιοτικά. Παραδείγματα αποτελούν: παθογόνα είδη Escherichia coli, Campylobacter
jejuni, Legionella pneumophila, μη φυματιώδη ή περιβαλλοντικά μυκοβακτηρίδια (non-tuberculous Mycobacteria, NTM), Aeromonas hydrophila και Helicobacter pylori. Οδηγίες σχετικές με
τον έλεγχο των εμφιαλωμένων νερών για την ύπαρξη των παραπάνω, αλλά και άλλων αναδυόμενων βακτηρίων, ουσιαστικά δεν υπάρχουν. Αυτό σε συνδυασμό με την απουσία ειδικών δεικτών ανίχνευσής τους έχει σαν αποτέλεσμα την απουσία ουσιαστικού ελέγχου ρουτίνας ύπαρξής
τους εντός των εμφιαλωμένων νερών. Επομένως, η εφαρμογή αποτελεσματικών μεθόδων
αποστείρωσης του εμφιαλωμένου νερού είναι επιβεβλημένη ειδικά στα άτομα με διαταραχή
του ανοσοποιητικού τους συστήματος.

Λέξεις κλειδιά

αναδυόμενα βακτήρια, υδατογενή παθογόνα,
ασφάλεια εμφιαλωμένου νερού
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