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Fungi in bottled water: A case study
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Summary

A one-year fungal survey of a water bottling plant was conducted in order to

evaluate the incidence and fluctuations of the mycobiota. The dominant fungal
genera in order of highest numbers isolated were Penicillium, Cladosporium and
Trichoderma followed by Aspergillus, Paecilomyces, and others. As expected,
the highest number of isolates were collected during the warmer months,
particularly May and June. Indeed during these two months there were more
fungi present in the water, indicating that during those times of the year when
fungal contamination is high, 0.4 um filters should be changed on a more
regular basis. In order to assess whether contamination was single or multi-loci,
molecular methods based on the PCR were used for Penicillium
brevicompactum. Overall, fungal contamination arose from multiple sources.
Some P. brevicompactum strains were very “alike” and were detected during
different sampling times, indicating that they were endemic to the plant. There
was no evidence to suggest that fungi detected in the source water passed
through to other parts of the plant. However, there was evidence that fungal
strains isolated from the water filter were detected elsewhere in the factory,
confirming the need to change filters more regularly during periods of high
fungal contamination. In order to improve quality control a HACCP programme
was implemented and Best Practice Guidelines introduced.
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There is little information available regarding the
detection and isolation of fungi from drinking and bottled
waters [3,15,17]. Literature surveys undertaken [9] indi-
cate that most studies have been a reaction to contamina-
tion events rather than the result of a concerted study. Fur-
thermore most quality control programmes within water
bottling plants have been more concerned with bacterial
(particularly of faecal origin) rather than fungal and yeast
contaminations [1]. For these reasons this one year project
was undertaken to study and control fungal contamination
within a Portuguese water bottling factory in order to
develop standard methodologies to isolate and enumerate
fungi within this arena. The reason being that if fungi were
to be included as routine in water analyses then the requi-
rement for additional equipment could be kept to a mini-
mum. Furthermore, in order to satisfy all of the European
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Union Directives concerning Drinking Water [Council
Directive 98/83/ EC of 3 November 1998 on the quality
of water intended for human consumption; Directive
75/440/EEC; Council Directive 80/778/EEC], best practice
guidelines and a HACCP system were also established.

As part of the present study PCR, fingerprinting
techniques were used to assess whether the contamination
was from one source or multi-loci. Such techniques have
been applied to filamentous fungi for nearly 20 years and
have been used to provide solutions for a plethora of
mycological problems ranging from analysis of geographic
distribution [4,11], to pathogenicity assessments [13] and
population studies [5]. Techniques are available that allow
for discrimination between and within species, but repro-
ducibility of PCR techniques especially those using
RAPD-PCR (Random Amplified Polymorphic DNA) [24]
is not consistent. Minor variations in PCR conditions can
result in the production of widely differing banding pat-
terns [12], making reproducibility extremely difficult,
especially between laboratories where reagents and equip-
ment will differ.

However, VNTR (Variable Nucleotide Random
Repeat), AP (Arbitrarily Promed) [5] and ISSR (Inter Sim-
ple Sequence Repeat) [7] PCR techniques are more strin-
gent and reproducible. These techniques were used in this
study because they allow for an assessment of a larger
number of isolates than would be possible using more
technically complex methodologies such as AFLP which
would not necessarily have provided more detailed infor-
mation.
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Therefore, the aims of this study were to analyse
the seasonal fluctuations of fungal contamination and trace
the origin of contaminating fungal populations with mole-
cular biology techniques in a bottled water company.

Materials and methods

Sampling dates. Samples were taken twice monthly
from May to September 2003 and on a monthly basis from
October 2003 to April 2004.

Samples. Water samples (1 1 each) were taken from
three water sources (water spring, bore holes H2 & HS8),
the water tank (= before filtration), the water filler (= after
filtration) and the bottled water (= end product).

Samples of caps from the glass and PET bottles were
collected. These were plated directly onto malt extract agar
(MEA [23]) and incubated in the dark, at 25 °C, for seven
days. Colonies were counted and plated onto MEA for
further identification.

Glass bottles were taken at the washer inlet and
outlet. Each bottle was rinsed with 50 ml of distilled water.
This wash water was diluted into serial dilutions (10°, 10",
102, 107, etc.) and then spread plated onto selective media
(NGRBA: neopeptone 5 g/l, glucose 10 g/l, Rose Bengal
3.5 ml (1% w/v), Aureomycin® 14 ml (0.25% w/v) and
20 g/l agar; CMA1/2: corn meal extract 1 g/l and 15 g/l
agar; YMG: yeast extract 3 g/l, malt extrat 3 g/l, peptone
5 g/l, glucose 10 g/l and agar 20 g/l) and incubated in the
dark at 25 °C for seven days. Colonies were counted and
the fungal isolates plated onto MEA for isolation and iden-
tification to genus. Selected colonies were transferred to
Czapek Dox agar (CZ [23]) for penicillia and aspergilli
and Potato Carrot Agar (PCA [23]) for cladosporia and tri-
chodermas) for identification to species level.

Swabs were periodically taken from the pipework
at the filler outlet. They were then washed in sterile disti-
lled water, and the suspension plated directly onto selec-
tive media (as above), and incubated at 25 °C for 7 days.
Colonies were counted and plated onto MEA for further
identification.

Air samples (50 1) in duplicate were taken in the
PET bottle storage area and the bottling room. A flow chart
of the bottling plant is provided in figure 1.

Baiting. This was undertaken on a monthly basis.
Sterile pieces of cellophane 0.5 cm® were placed into 1 1
bottled water. For this, two and three bottles of 0.5 1 and
0.33 1 were combined, respectively. The samples were
incubated for seven days at 25 °C in the laboratory with a
day and night cycle. The baits were removed aseptically
and plated directly onto selective media (NGRBA,
CMAL1/2, YMG) for a further seven days at 25 °C. The
fungal colonies were counted and plated onto MEA for
identification to genus.

Air sampling. Air sampling was carried out using
an AirTEST-Omega device (L.C.A., France) which is
based on the impaction method. Fifty litres of air in dupli-
cate were sampled directly onto Dichloran Rose-Bengal

Table 1. Primers used in this study.
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Figure 1. Flow chart of the bottling plant for the identification of sampling
points.

Chloramphenicol Agar (DRBC: Oxoid CM727) plates.
The plates were incubated in the dark at 25 °C for seven
days and the number of colonies counted.

Fungal isolates. Not all sampling dates had the
same number of samples taken, as certain parts of the
factory were only in operation on an ad hoc basis. The
strains were categorised into major genera and their loca-
tion within the factory noted. A database was created to
collect the relevant strain information.

Identification of Penicillium, Aspergillus, and rela-
ted genera. The isolates were three-point inoculated onto
diagnostic media. For aspergilli, penicillia and Talaromyces
these were Czapek Dox (CZ) agar and 4% malt extract
+ CZ agar (M+CZ), incubated at 25 °C in the dark for one
week (two weeks for Talaromyces). For Eurotium isolates
were again three-point inoculated onto malt plus 20%
sucrose agar (M+20%) and incubated at 25 °C for two
weeks, whilst for Paecilomyces, isolates were single
point inoculated onto PCA and placed under black light
(UV-light) for five days. Isolates were identified to species
according to the literature [18,20,21].

Identification of Cladosporium. The isolates were
single point inoculated onto PCA and incubated at 25 °C
for seven days, and identified to species level where pos-
sible.

DNA extraction. A 1 cm? block of mycelium and
agar from the fungi grown on Malt agar, was chopped
and used to inoculate 60 ml Glucose-Yeast medium
[GYM; 13] in 250 ml glass conical flasks. These were
incubated at 30 °C on an orbital shaker at 180 rpm for
seven days. The mycelium was collected and prepared for
DNA extraction [16]. DNA was extracted using an adapta-
tion of the CTAB method [6].

PCR conditions. DNA samples were diluted by
1:50 or 1:100 in TE buffer or H2O [16] according to the
quality and concentration (determined from the results of a
preliminary mini-gel run using dilutions of 1:100 or 1:50).

The four primers used in this study are detailed in table 1.
For ISSR-PCR (CCA primer [8]) the PCR mixture contai-

Name Origin Sequence

BOXA1R Conserved repeated DNA element from Streptococcus pneumoniae CTACGGCAAGGCGACGCTGACG
CCA ISSR (Inter-Simple Sequence Repeat) primer DDB(CCA)s

ERIC 1 Enterobacterial Repetitive Intergenic Consensus sequences ATGTAAGCTCCTGGGGATTCAC
MR M13 Phage core consensus AGGGTGGCGGTTCT




ned 2 pl Primer solution (Sigma Genosys, UK), 2 pl 125 nM
each of dNTP’s (Pharmacia Biotech, UK), 12.875 pl sterile
HPLC water (BDH Ltd., UK), 0.125 pl (0.75 units)
Super Tth enzyme (HT Biotechnology Ltd., UK), 2 pl PCR
buffer (HT Biotechnology Ltd., UK) and 1 pl of diluted
template DNA. The PCR was carried out in a PCR Ex-
press thermocycler (Hybaid, UK). The PCR programme
used was 2 min at 94 °C, 35 cycles of 1 min at 94 °C,
2 min at 53 °C and 2 min at 72 °C followed by a comple-
tion stage of 10 min at 72 °C and then cooled to 4 °C.

For all other PCR processes the PCR mixture con-
tained 5 pl of 50 nmol primer solution, 4 pl (2.5 mM each)
dNTPs, 31.75 ul HPLC water, 3 pl (1.875 nmole) MgCl.,
(Sigma), 5 pl Tth reaction buffer (HT Biotechnology Ltd.,
UK), 0.25 pl (1.25 units) Super Tth Enzyme and 1 pl of
diluted template DNA. A control was set up with 1 pl ste-
rile water in place of template. The PCR programme used
consisted of an initial denaturation at 95 °C for 5 min,
followed by 35 cycles each consisting of a denaturation
step at 95 °C for 30 sec, an annealing step at 42 °C for 30
sec, an extension step at 72 °C for 90 sec, followed by a
final extension step at 72 °C for 10 min after the last cycle.
Samples were transferred to a freezer at -20 °C for storage.

Gel electrophoresis. PCR products were separa-
ted on a 1.5% (w/v) LE agarose (Seakem, FMC Biopro-
ducts, UK) gel prepared with Tris-acetate EDTA buffer
[TAE; 15]. A 15 x 10 cm midi-gel tank (ATTO, Japan) was
used with a 20 well capacity comb set into the gel which
was submerged in TAE before 20 pl of PCR product from
each replicate was mixed with 5 pl of loading buffer and
loaded into the gel. Size markers were prepared using 8 pl
100 bp ladder (GIBCO BRL, Life Technologies Ltd., UK)
solution (diluted 1:19 in water) and 4 pl stop solution. The
gel was run at 5 V cm” for approx 2 h. The gel was then
stained with ethidium bromide (Sigma, UK) solution
(0.5 pg ml" in water) for 30 min. Gels were viewed in a
UV transilluminator (UVP, UK) and captured electroni-
cally using UVP imaging equipment.

Gel analysis. Gels were visually assessed. Gel ima-
ges obtained with MR primer (the universal fingerprinting
primer) were saved in the TIFF file format and were loa-
ded into GelCompar 11 software (Applied Maths BVBA,
Sint-Martens-Latem, Belgium). Gels were analysed and a
dendrogram produced.

Results and discussion

Fungi. A total of 604 strains were isolated from
the bottling plant. There was a gradual increase in fungal
bioload during May with a peak in early June. On this
and subsequent sampling dates the proportion of strains
isolated represented 50% penicillia, 30% cladosporia
and 20% other genera. This high peak of fungal bioload
(May—June) coincided with a similar high bioload for the
water source, water tank and water filler. The fact that
counts for the water filler were high is cause for concern
as the water had been through a particulate filter (0.4 pm)
at this point. Interestingly, fungal counts had dropped con-
siderably for the second June sampling, which coincided
with a change of filter. This highlights the need to change
filters on a regular basis particularly during high fungal
bioloads such as during the warmer months. Otherwise,
there is a chance that fungi caught in the filter not only clog
it up and make it ineffective, but also fungal mycelium
could start to grow through the filter and sporulate on the
“clean” side with spores being passed on down the line.

Sampling of glass bottles before and after rinsing
highlighted the efficacy of the washing process. On five
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separate occasions glass bottles had a higher fungal count
after washing than before. Furthermore, some of the fun-
gal species isolated after washing were not present before
washing. This indicates the need to change the wash-water
on a more frequent basis, and a need to handle the “clean”
bottles in a more hygienic manner. Recommendations
were made to reassess the washing procedures at the
plant.

Fungi were isolated from the final product (water)
on every date sampled. Furthermore, fungal counts were
high in PET bottles during May and June, coinciding with
a high bioload overall. But for most other sampling dates
there was little difference between glass and PET bottles.
Similarly, swabs taken from the water filler outlet and
sampled caps yielded very low counts.

The dominant penicillia isolated throughout the
plant and on most sampling dates were Penicillium
brevicompactum and Penicillium glabrum, followed by
Penicillium chrysogenum (Table 2). All three species are
common indoor contaminants. P. brevicompactum and
P. chrysogenum are xerophilic penicillia, that is, able to
grow on substrates containing very little free water, hence
their frequenct occurance in indoor environments.

Penicillium expansum was prevalent through the
sampling sites (water source, water tank, water filler,
bottles, air) during the first sampling (May) but then only
appeared intermittently in isolated loci later (Table 2).
P. expansum is a soil organism requiring higher water acti-
vities than P. brevicompactum and P. chrysogenum for
growth [19]. This would explain its less frequent isolation
once the temperatures increased for high summer.

Three other penicillia were isolated less frequently,
namely Penicillium aurantiogriseum, Penicillium corylo-
philum and Penicillium roqueforti. Both P. aurantiogri-
seum and P. corylophilum are common contaminants and
frequently isolated in indoor environments. P. roqueforti
has an ability to grow under conditions of low oxygen.
The fact that it was isolated from the bottles could be pro-
blematic.

Aspergillus versicolor a species commonly isolated
from paint and wood-work, was most prevalent in the
bottling room. It was also isolated from caps and occasio-
nally bottles.

Several species considered to be more tropical in
origin were isolated during the summer months and early
autumn. These were Aspergillus niger, Penicillium pino-
philum, P. islandicum, P. minioluteum and P. purpuroge-
num. Both A. niger and P. pinophilum were isolated from
the water source, and the tank. A. niger was previously
isolated from mains water distribution systems where it
produced off-flavours and taints [2]. Fungi characterised
by dark hyphae and spores, which contain melanin, such
as A. niger and the cladosporia, are resistant to sunlight
and water treatments. Interesting, A. niger was isolated
during the latter stages of the bottled water storage studies,
which indicates a considerable lag-phase before this parti-
cular species becomes problematic.

The two dominant cladosporia found throughout
the site were Cladosporium cladosporioides and Clados-
porium sphaerospermum (Table 3). C. cladosporioides is
the most ubiquitous of the genus, occurring in soil and
plant material. Since the bottling plant is sited in a wooded
valley, this is probably the source of contamination. Spo-
res of C. cladosporioides are frequently air-borne, and this
coincides with high numbers for this species during the
summer month samplings.

C. sphaerospermum is more xerophilic, able to
grow slowly at water activities of 0.81 [19]. It is com-
monly isolated in indoor environments. In addition, it is a
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Table 2. Fungal bioload of Paecilomyces, Aspergillus, Penicillium and related genera throughout the water bottling plant.

Water

Taxon filler

Water source Water tank

Water bottles

Bottle Bottle Air PET

inlet outlet Swab

Air room

Caps \lf'véater

Aspergillus
A. niger L D
A. sydowii
A. ustus K
A. versicolor

Eurotium
E. amstelodami

Paecilomyces
P. lilacinus
P. variotii

Penicillium
P. atramentosum
P. aurantiogriseum C CJ F
P. brevicompactum CDEGHLP BCEGH
P. camemberti L
P. chrysogenum BEFL DFG FGM
P. citrinum BL
P. commune (¢}
P. corylophilum C BC | ABGI
P. crustosum CDG G N}
P. decumbens B
P. dendriticum
P. expansum ACL AF ACL  ACDMO
P. funiculosum AE BC
P. glabrum
P. glandicola |
P. griseofulvum 10
P. islandicum
P. janthinellum
P. minioluteum
P. paxilli
P. pinophilum
P. purpurogenum
P. roqueforti
P simplicissimum
P. spinolusum
P. thomii
P. variabile N AC A
P. verrucosum G
P. waksmanii M G
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Talaromyces
T. flavus C

BCDN ABCDEFHKMN

ABCEFHLNR BCDEHIOR BCFG ABCDEFGHKLP
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P

EJ B BL BHMP
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J
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ABCDEGM AC BEO ACELM ABCDILO FGJ E
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CDHLNP ELO CluM
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J
F B KL ACM EJ
B F AF
ABCDHMO ABEHM ACDEGJLMN ACFGIKNO GK
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Bl C L N N J
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A =Collected 13/05/03
D = Collected 26/06/03
G = Collected 01/08/03
J =Collected 30/09/03
M = Collected 03/12/03
P =Collected 03/02/04

B = Collected 27/05/03
E = Collected 08/07/03
H = Collected 26/08/03
K = Collected 21/10/03
N = Collected 13/01/04
R = Collected 21/04/04

C = Collected 12/06/03
F = Collected 22/07/03
| = Collected 09/09/03
L = Collected 11/11/03
O = Collected 17/02/04

common and cosmopolitan species occurring on many dif-
ferent substrates including plant material. Like C. clados-
porioides it peaks in the warmer months.

Cladosporium herbarum was only isolated in May
and September with one further occurrence (March 2004).
Its lowest water activity for growth is 0.88 [19], which
may account for its isolation during less arid months. It is
a common species, worldwide in distribution, and is espe-
cially abundant in temperate regions on dead or dying
plant substrates and other organic matter [22]. It is also
isolated from soil and air.

Cladosporium oxysporum was found in low num-
bers throughout the plant. Like the other cladosporia, the
source of contamination is likely to be the surrounding
woodland and soil. Cladosporium asschycete, C. glandi-
cola and C. tenuissimum were only isolated on one or two
occasions during the whole year of sampling, and are the-
refore unlikely to be of major concern as contaminants.

Molecular techniques. The molecular component of
this project was used to confirm whether fungi isolated

from the source water were distributed throughout the bot-
tling plant and/or whether different fungal populations
were appearing in discrete sites within the plant, thus indi-
cation contamination sources other than from the source
water. If the same genotypes were found in consecutive
sampling periods for the same site, this would indicate that
the particular fungal colony was established and therefore
the cleaning regime was not satisfactory.

DNA of suitable quality for PCR was extracted
from 55 isolates of P. brevicompactum. P. brevicompactum
was selected as it was the dominant organism found
throughout the plant and at all sampling times. This PCR
approach, of using a multimethod/primer, permitted a lar-
ger number of strains to be assessed than would be possi-
ble if a more complex methodology was used, but without
compromising stringency and scientific validity.

Excellent results were obtained with ERIC and MR
primers. Characteristic banding patterns were evident for
P. brevicompactum. Sixteen to 20 bands were generated
for each strain with MR primer and 16-18 bands with
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Table 3. Fungal bioload of Cladosporium isolates throughout the water-bottling factory.
: Water " Water Bottle Bottle . . Water
Species source Water tank Water filler bottles Caps inlet outlet Air PET Air room H8 Swab
C. ascchycete A

C. cladosporioides BCDEGKL CDEGHIN BCDEFGIKM

C. glandicola

C. herbarum FJP DFGIJ ABDI BCDGI
C. oxysporum H J M AE
C. sphaerospermum BCDEGKL CELP BCDEFGIKM  ACO

C. tenuissimum A

BCEFGIJKL BCDEFGL BHI AEHO  ACDEGIK

EFGHJKLP  GHJ NO

H

F EG DG El

| | C N |

BCDEGP ABM CEGN AB ABCH GJ N
J

A =Collected 13/05/03
D =Collected 26/06/03
G = Collected 01/08/03
J =Collected 30/09/03
M = Collected 03/12/03
P =Collected 03/02/04

B = Collected 27/05/03
E = Collected 08/07/03
H = Collected 26/08/03
K = Collected 21/10/03
N = Collected 13/01/04
R = Collected 21/04/04

C = Collected 12/06/03
F = Collected 22/07/03
| = Collected 09/09/03
L = Collected 11/11/03
O = Collected 17/02/04

ERIC. PCR analysis with BOXA1R [10] and ISSR-CCA
primers gave good banding patterns with many common
bands between isolates, suggesting the correct characteri-
sation of the P. brevicompactum isolates. For example,
with the BOXAI1R primer up to 20 bands were produced
for each strain, with up to 80% homogeneity between iso-
lates. However, the definition, that is clarity of bands,
achieved with BOXAI1R and ISSR-CCA was not as good
as that achieved with ERIC and MR primers. But the

Figure 2. Cluster analysis of Penicillium brevicompactum cultures isolated
from the water bottling facility over the course of the project. Dendrogram
produced from PCR fingerprints generated with the MR ‘universal
fingerprint’ primer using Gelcompar Il analytical software. Numbers, origin
and date of studied strains are in the 3 columns, respectively. Strain IMI
357299 Penicillium expansum is an outgroup. AIR = Air PET (isolates 44
and 802)/Air room (the other isolates); Bl = Bottle inlet; BO = Bottle outlet;
CAP = Caps; H8 = Water H8; WB = Water bottles; WF = Water filler;

WS = Water source; WT = Water tank; ? = Swab; A = Collected 13/05/03;
B = Collected 27/05/03; C = Collected 12/06/03; D = Collected 26/06/03;
E = Collected 08/07/03; G = Collected 01/08/03; M = Collected 03/12/03.

ISSR-CCA and BOXAI1R primers did generate finger-
prints which were homogenous, that is few polymor-
phisms, which verified the taxonomy of the isolates. For
these reasons, a cluster analysis was performed using MR
primers since the PCR fingerprints generated exhibited
slightly more intraspecific variability (Figure 2).

As with any statistical method, cluster analysis does
have its limitations. For example, there may be groupings
present which are purely artefacts of the results of the
clustering process. Therefore, to assess the validity of the
associations drawn from this dendrogram (Figure 2), a
Principal Component Analysis (PCA) was applied with the
same data set used to construct the dendrograms. This
analysis suggested the general impression of a continuum
with a few outlying strains. But there is a degree of varia-
tion within the overall group.

General assumptions that can be drawn from the
dendrogram are that there are at least 32 distinct taxa of
P. brevicompactum isolated in the plant, exhibiting 82.5%
similarity. The dendrogram (Figure 2) suggests that 26 of
the taxa can be assigned to one of ten groups consisting of
between two and seven strains. This implies that the
P. brevicompactum contamination within the bottling plant
is multi rather than single locus, and that ingress of conta-
mination is from sites other than the water source.

Isolates grouped as being 100% similar are isolates
40 and 44, both isolated in May (sampling time A) but
from different sources, namely water bottle and air and,
isolates 225 and 197 both isolated in June (sampling time
C) but from water tank and water source respectively. This
latter grouping is the one occasion where contamination in
the source water was detected elsewhere in the plant.

At sampling time D (end of June) seven isolates
were confirmed as being the same strain of P. brevicom-
pactum. They were isolated throughout the factory from
different locations namely, air, water filter and water bot-
tles. This is direct evidence that contamination in the filter
can be passed on to the final product. It also confirms the
fungal counts findings, which at certain times of the year
when the fungal bioload is high, filters become clogged
and do not function correctly, spreading contamination. At
such times filters should be changed more frequently.

Isolates 268, 466 and 596 are also identical, but
were isolated at different sampling times C, E and G
(June, July and August) and from different locations (water
bottle, bottle outlet and cap), suggesting that this particu-
lar strain was present continually in different areas of the
plant, indicating that it may be endemic to the factory. The
occurrence of identical strains appearing at different sam-
pling times was also evidenced from isolates 129 and 248
collected from bottle and cap respectively in May and
June.
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Conclusions

Fungi can be a difficult group of organisms to iden-
tify, and this is probably why their presence in bottled
water has been ignored on the whole. However, the use of
a range of media and isolation techniques (baiting, filte-
ring) has permitted us to isolate and identify the diversity
of fungi present in this habitat. The study has also high-
lighted the critical control points within the bottling plant,
namely the need for regular filter changes, particularly
during the warmer months when fungal bioload is high.

The molecular studies have shown that the conta-
mination arises from multiple sources, in that different
strains of P. brevicompactum appeared in discrete sites
throughout the bottling plant. Only on one occasion was it
evident that contamination in source water passed down
the line. PCR also corroborated the need to change filters
regularly, as well as changing wash water. The fact that
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