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We analyzed the temporal and spatial diversity of the microbiota in a low-usage and a high-usage hospital
tap. We identified a tap-specific colonization pattern, with potential human pathogens being overrepresented
in the low-usage tap. We propose that founder effects and local adaptation caused the tap-specific colonization
patterns. Our conclusion is that tap-specific colonization represents a potential challenge for water safety.

Humans are exposed to and consume large amounts of tap
water in their everyday life, with the tap water microbiota
representing a potent reservoir for pathogens (8). Despite the
potential impact, our knowledge about the ecological diversi-
fication processes of the tap water microbiota is limited (4, 11).

The aim of the present work was to determine the temporal
and spatial distribution patterns of the planktonic tap water
microbiota. We compared the summer and winter microbiota
from two hospital taps supplied from the same water source.
We analyzed 16S rRNA gene clone libraries by using a novel
alignment-independent approach for operational taxonomic
unit (OTU) designation (6), while established OTU diversity
and richness estimators were used for the ecological interpre-
tations.

Tap water samples (1 liter) from a high-usage kitchen and a
low-usage toilet cold-water tap in Akershus University Hospi-
tal, Lørenskog, Norway, were collected in January and July
2006. The total DNA was isolated and the 16S rRNA gene
PCR amplified and sequenced. Based on the sequences, we
estimated the species richness and diversity, we calculated the
distances between the communities, and trees were con-
structed to reflect the relatedness of the microbiota in the
samples analyzed. Details about these analytical approaches
are given in the materials and methods section in the supple-
mental material.

Our initial analysis of species composition was done using
the RDPII hierarchical classifier. We found that the majority
of pathogen-related bacteria in our data set belonged to the
class Gammaproteobacteria. The genera encompassed Legio-
nella, Pseudomonas, and Vibrio (Table 1). We found a signifi-
cant overrepresentation of pathogen-related bacteria in the
toilet tap (P � 0.04), while there were no significant differences
between summer and winter samples. Legionella showed the
highest relative abundance for the pathogen-related bacteria.
With respect to the total diversity, we found that Proteobacteria

dominated the tap water microbiota (representing 86% of the
taxa) (see Table S1 in the supplemental material). There was,
however, a large portion (56%) of the taxa that could not be
assigned to the genus level using this classifier.

To obtain a better resolution of the uncharacterized micro-
biota, we analyzed the data using a clustering approach that is
not dependent on a predefined bacterial group (see the mate-
rials and methods section in the supplemental material for
details). These analyses showed that there were three relatively
tightly clustered groups in our data set (Fig. 1A). The largest
group (n � 590) was only distantly related to characterized
betaproteobacteria within the order Rhodocyclales. We also
identified another large betaproteocaterial group (n � 320)
related to Polynucleobacter. Finally, a tight group (n � 145)
related to the alphaproteobacterium Sphingomonas was iden-
tified.

The tap-specific distributions of the bacterial groups were
investigated using density distribution analyses. A dominant
population related to Polynucleobacter was identified for the
toilet summer samples, while for the winter samples there was
a dominance of the Rhodocyclales-related bacteria. The
kitchen summer samples revealed a dominance of Sphingomo-
nas. The corresponding winter samples did not reveal distinct
high-density bacterial populations (see Table S2 in the supple-
mental material).

Hierarchical clustering for the 1 � 1 OTU density distribu-
tion confirmed the relatively low overlap for the microbiota in
the samples analyzed (Fig. 2). We found that the microbiota
clustered according to tap and not season.

We have described the species diversity and richness of the
microbiota in Table S3 in the supplemental material. For the
low taxonomic level, these analyses showed that the diversity
and species richness were greater for the winter samples than
for the summer samples. Comparing the two taps, the diversity
and richness were greater in the kitchen tap than in the toilet
tap. In particular, the winter sample from the kitchen showed
great richness and diversity. The high taxonomic level, how-
ever, did not reveal the same clear differences as did the low
level, and the distributions were more even. Rarefaction anal-
yses for the low taxonomic level confirmed the richness and
diversity estimates (see Fig. S1 in the supplemental material).

Our final analyses sought to fit the species rank distributions
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to common rank abundance curves. Generally, the rank abun-
dance curves were best fitted to log series or truncated log
normal distributions (see Table S4 in the supplemental mate-
rial). The log series distribution could be fit to all of the
samples except the kitchen summer samples at the low taxo-
nomic level, while the truncated log normal distribution could
not be fit to the kitchen samples at the high taxonomic level.
Interestingly, however, the kitchen winter sample was best fit
to a geometric curve at both the high and the low taxonomic
level.

Diversifying, adaptive biofilm barriers have been docu-
mented for tap water bacteria (7), and it is known that plank-
tonic bacteria can interact with biofilms in an adaptive manner
(3). On the other hand, tap usage leads to water flowthrough
and replacement of the global with the local water population
by stochastic founder effects (1).Therefore, we propose that
parts of the local diversity observed can be explained by local
adaptation (10) and parts by founder effects (9).

Most prokaryote diversity measures assume log normal or
log series OTU dominance density distributions (5). The
kitchen winter sample, however, showed deviations from these
patterns by being correlated to geometric distributions (in ad-
dition to the log series and truncated log normal distributions
for the high taxonomic level). This sample also showed a much
greater species richness than the other samples. A possible
explanation is that the species richness of the tap water micro-
biota can be linked to usage and that the kitchen tap is driven
toward a founder microbiota by high usage.

Since our work indicates an overrepresentation of Legionella
in the low-usage tap, it would be of high interest to determine
whether the processes for local Legionella colonization can be
related to tap usage. Understanding the ecological forces af-

fecting Legionella and other pathogens are of great importance
for human health. At the Akerhus University Hospital, this was
exemplified by a Pseudomonas aeruginosa outbreak in an in-
tensive care unit, where the outbreak could be traced back to
a single tap (2).

FIG. 1. Tap water microbiota diversity, determined by use of a
principal component analysis coordinate system. (A) Each bacterium is
classified by coordinates, with the following color code: brown squares,
kitchen summer; red diamonds, toilet summer; green triangles, kitchen
winter; and green circles, toilet winter. (B and C) Each square repre-
sents a 1 � 1 (B) or 5 � 5 (C) OTU. PC1, first principal component;
PC2, second principal component.

TABLE 1. Cloned sequences related to human pathogensa

Sampling
place

Sampling
time Pathogen NCBI

accession no.
Identity

(%)

Toilet Summer Escherichia coli EF418614 99
Toilet Summer Escherichia sp. EF074307 99
Toilet Summer Legionella sp. AY924155 95
Toilet Summer Legionella sp. AY924153 95
Toilet Summer Legionella sp. AY924153 96
Toilet Winter Legionella sp. AY924061 96
Toilet Winter Legionella sp. AY924158 97
Toilet Winter Legionella sp. AY924158 97
Kitchen Winter Legionella sp. AY923996 97
Toilet Summer Pseudomonas fluorescens EF413073 98
Toilet Summer Pseudomonas fluorescens EF413073 98
Kitchen Summer Pseudomonas fluorescens DQ207731 99
Toilet Winter Vibrio sp. DQ408388 98
Toilet Winter Vibrio sp. AB274760 98
Kitchen Winter Vibrio sp. DQ408388 98
Kitchen Winter Vibrio lentus AY292936 99
Kitchen Winter Vibrio sp. AM183765 97
Toilet Winter Stenotrophomonas

maltophilia
AY837730 99

Kitchen Winter Stenotrophomonas
maltophilia

DQ424870 98

Toilet Winter Streptococcus suis AF284578 98
Toilet Winter Streptococcus suis AF284578 98

a The relatedness between the cloned sequences and potential pathogens was
determined by BLAST searches of the NCBI database, carried out using default
settings.
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Nucleotide sequence accession numbers. The 16S rRNA
gene sequences generated were deposited in GenBank with
the accession numbers GQ163803 to GQ165464.
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FIG. 2. Hierarchical clustering for the density distribution of the
tap water microbiota. The density of 1 � 1 OTUs was used as a
pseudospecies for hierarchical clustering. The tree for the Cord dis-
tance matrix is presented, while the distances calculated using the
three distance matrices Cord, Brad Curtis, and Sneath Sokal, respec-
tively, are shown for each branch.
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