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Catheter-associated urinary tract infection is caused by bacteria, which ascend the catheter along its external or internal surface
to the bladder and subsequently develop into biofilms on the catheter and uroepithelium. Antibiotic-treated bacteria and bacte-
ria residing in biofilm can be difficult to culture. In this study we used culture-based and 16S rRNA gene-based culture-indepen-
dent methods (fingerprinting, cloning, and pyrosequencing) to determine the microbial diversity of biofilms on 24 urinary cath-
eters. Most of the patients were catheterized for <30 days and had undergone recent antibiotic treatment. In addition, the
corresponding urine samples for 16 patients were cultured. We found that gene analyses of the catheters were consistent with
cultures of the corresponding urine samples for the presence of bacteria but sometimes discordant for the identity of the species.
Cultures of catheter tips detected bacteria more frequently than urine cultures and gene analyses; coagulase-negative staphylo-
cocci were, in particular, cultured much more often from catheter tips, indicating potential contamination of the catheter tips
during sampling. The external and internal surfaces of 19 catheters were separately analyzed by molecular methods, and discor-
dant results were found in six catheters, suggesting that bacterial colonization intra- and extraluminally may be different. Molec-
ular analyses showed that most of the species identified in this study were known uropathogens, and infected catheters were gen-
erally colonized by one to two species, probably due to antibiotic usage and short-term catheterization. In conclusion, our data
showed that culture-independent molecular methods did not detect bacteria from urinary catheters more frequently than cul-
ture-based methods.

Urinary catheters are commonly used to manage urinary in-
continence and retentions, to measure urine output, or to

help patients who had surgery or other medical conditions. Up to
25% of hospitalized patients need urinary catheters; however,
catheterization is associated with increased risk of infection in the
urinary tract, and �40% of all nosocomial infections in hospitals
and other health care units are attributed to catheter-associated
urinary tract infections (CAUTIs) (21). The presence of a catheter
predisposes the patient to acquire infections by providing access
to uropathogens into the bladder along its external and internal
surfaces, which develop into biofilms on the catheters and uroepi-
thelium (41). The risk of UTI is associated with the duration of
catheterization. The daily increase in prevalence of bacteriuria af-
ter catheterization is estimated to be 3 to 10%, and bacteriuria
occurs for almost all patients with an indwelling catheter over 30
days (48). Exposure to antibiotics can delay the onset of bacteri-
uria in catheterized patients; however, the effect is relatively short.
The prevalence of bacteriuria will eventually reach the same level
in patients with or without antibiotic treatment after 14 days (19).

Traditionally, the diagnosis of CAUTI has relied on clinical
signs and symptoms and microbiological culture of urine, which
are still the recommended methods (21). When the suspected
catheter is removed, the catheter can be used for microbiological
culture. However, on the surfaces of catheters bacteria grow in
biofilms, which are structured communities of microorganisms
surrounded by their extracellular products. Biofilm bacteria differ
in their behavior and in phenotypic form from their planktonic
counterparts. They grow poorly on agar plates when recovered
from their natural or pathogenic ecosystems, and generally only
planktonic cells can be cultured (7). Antibiotic usage, inappropri-
ate culture conditions, and viable but nonculturable bacteria may

also cause false-negative culture (51). To improve the recovery of
the biofilm attached to the catheters, swabbing (32) and sonica-
tion (20) of the catheter have been used, and greater sensitivity was
achieved by both approaches. In addition, pathogens can gain
access to catheters extra- or intraluminally (42), and the microbial
population on the two sides of the catheter can be different (15);
hence, analyzing one side of the catheter or the catheter tip alone
may be insufficient to detect all of the microbes on the catheter.

Many infecting organisms have been isolated from CAUTIs.
Depending on the patient population, prior antimicrobial expo-
sure, and the organisms unique to each hospital, the spectrum of
microorganisms varies. The common CAUTI microorganisms
detected by conventional culture are members of the fecal mi-
crobial communities, such as Escherichia coli, Pseudomonas
aeruginosa, Proteus mirabilis, enterococci, Klebsiella species,
and Citrobacter species, while occasionally coagulase-negative
staphylococci (CoNS), Candida, and other species are also in-
volved. CoNS and Enterococcus spp. are considered relatively avir-
ulent and are more frequently recovered from asymptomatic in-
fections than from symptomatic infections. Moreover, short-term
catheters are frequently colonized by a single species, whereas
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CAUTIs in long-term catheterized patients are usually polymicro-
bial (21, 34).

In recent years culture-independent methods are increasingly
applied to study infections, which often detect previously unde-
scribed levels of bacterial diversity. For instance, to investigate
chronic wound microbiota several studies (9, 13, 38, 44, 45) have
applied denaturant gradient gel electrophoresis (DGGE), cloning,
and pyrosequencing, which have revealed a substantially higher
level of bacterial diversity than found by conventional culture.
Another major advantage of molecular methods compared to cul-
ture-based methods is that detection of bacterial DNA is unaf-
fected after antimicrobial exposure; however, positive molecular
detection may originate from DNA from dead bacteria. This issue
can be overcome by only extracting DNA from intact bacterial
cells (22, 35, 36). Notably most of the hospitalized patients with an
indwelling urinary catheter (up to 80%) receive antimicrobial
therapy due to indication of infection (21, 23), and this may
greatly influence the outcome of culture.

In this study, we examined the microbial diversity on the extra-
and intraluminal surfaces of the urinary catheter by culture-inde-
pendent molecular methods, including 16S rRNA gene PCR,
DGGE, cloning, and next-generation sequencing. The molecular
findings were subsequently compared to data obtained by routine
microbiological culture of urine and catheter tips. The purpose
was to investigate whether culture-independent molecular meth-
ods could detect more bacterial species than the culture-based
methods from urinary catheters removed from patients.

MATERIALS AND METHODS
Patients and catheters. Urinary catheters and urine were routinely sent to
the Department of Clinical Microbiology, Rigshospitalet, Denmark, for
culture. Samples were collected from 24 patients undergoing removal of
the urinary catheter at Rigshospitalet. The catheters were randomly se-
lected irrespective of the underlying disease. Fourteen patient journals
(patients 1 to 14) were retrieved, whereas the medical information was not
available for 10 patients (patients 15 to 24). Corresponding urine samples
were available from 16 patients (patients 1 to 3, 7 to 9, 11, 13, 15, and 17
to 23).

For the 14 patients whose journals were available, the catheters’ in-
dwelling period varied from 3 days to long-term (�30 days) catheteriza-
tion, with only one catheter placed for less than a week. Except for patient
12, all of the patients had prior or ongoing antibiotic treatment either
because of UTI or infection at another site. Four patients (7, 8, 10, and 11)
were suspected of having UTI. The decision to analyze the samples was
made by the medical doctors in different departments, and the Depart-
ment of Clinical Microbiology processed the samples according to the
established procedure without differentiating bacteriuria and asymptom-
atic UTI. Details for these patients can be found in Table S1 in the supple-
mental material.

Urine collection and culture. Urine samples obtained from the cath-
eters were stored in sterile 10-ml tubes at 4°C and processed within 24 h at
the Department of Clinical Microbiology. A wet smear was performed,
and phase-contrast microscopy was done. The presence of rods, cocci in
chains or clusters, and yeast was noted. If there were visible microorgan-
isms in every field, it was considered “positive”. If there were visible mi-
croorganisms in some fields, it was considered “maybe positive.” In addi-
tion, samples were plated using a 1- and a 10-�l eyelet onto 5% blood agar
(Statens Seruminstitut [SSI], Copenhagen, Denmark) and on a modified
Conradi-Drigalski (SSI) medium selective for Gram-negative rods and a
Chromagar (SSI) using a 1-�l eyelet. If microscopy was positive, an addi-
tional tellurite-containing and �-glucuronidase-detecting agar medium
(PGUA agar [SSI]) was plated. Cultured bacteria were identified using an
Api kit (bioMérieux) of automatic systems for identification and analyzed

on an ATB Expression 1550 Vitek system (bioMérieux). Identification of
Enterobacteriaceae was performed with ID32E, and Enterococcus species
were identified based on hemolysis, motility, and the fermentation of
arabinose, raffinose, sorbitol, and arginine. Streptococci were identified
by using a Rapid ID32 STREP, and hemolysis grouping was performed
using Partho DX (Remel, Santa Fe, NM). Staphylococcus identification
was primarily based on novobiocin sensitivity and subsequently analyzed
by ID32 STAPH. Corynebacteria, especially Corynebacterium urealyticum,
were identified with Api Coryne. Yeasts were identified with ID32C
and/or Chromagar Candida (Becton Dickinson, Franklin Lakes, NJ). Cul-
ture results were provided in a quantified manner as the CFU ml�1. Cul-
tivation and identification were always performed by the same trained
individuals.

Catheter collection and culture. Immediately after removal from the
patient, the catheter tip was cut off (typically 5 to 7 cm) and transferred
aseptically to a sterile tube and transported to the Department of Clinical
Microbiology within 24 h. Catheter tips were rolled onto a 5% blood agar
(SSI) and modified Conradi-Drigalski agar (SSI), followed by stepwise
spreading. All species were identified using the Api kit of automatic sys-
tems for identification and analyzed on an ATB expression 1550 Vitek
system as described above. Cultivation and identification were always
performed by the same trained individuals. After the catheter samples for
microbiological culture were obtained, the catheters were kept on ice dur-
ing the 5 to 6 h of transportation to Aalborg University. The catheters were
processed immediately upon arrival.

Isolation of biofilm and DNA extraction. Collection of biomass from
the internal and external surfaces of urinary catheters was done by forceful
scraping with a sterile scalpel (29). However, in five catheters (i.e., cathe-
ters 20 to 24), it was impossible to separate the internal and external
samples; thus, the internal and external samples were mixed before DNA
extraction for these catheters. It resulted in a total of 43 samples for mo-
lecular analysis. DNA extraction was performed according to the method
of Larsen et al. (29).

Partial 16S rRNA gene amplification, DGGE, and Sanger sequenc-
ing. To obtain the PCR amplicon for DGGE analysis, the 16S rRNA gene
was first amplified by PCR using Taq DNA polymerase with the primers
8F (24) and 1390R (28) according to the method of Thomsen et al. (43).
Then, 1 �l of each PCR product was used as a template to prepare ampli-
cons for DGGE using the primer 341F-GC (33) and the primer 907R (28).
Negative controls including water and PCR mix were included for every
five samples and were always negative, indicating that there was no con-
tamination of the reagents. DGGE of the amplicons was performed ac-
cording to the method of Larsen et al. (29). The purified PCR products
were sequenced by Macrogen, Inc. (Seoul, South Korea), using the 341F
primer.

Nearly full-length 16S rRNA gene amplification, cloning, and
Sanger sequencing. Nearly full-length 16S rRNA gene was amplified by
PCR using Taq DNA polymerase with the primer pair 8F (24) and 1390R
(28) and the primer pair 8F (24) and 1492R (28) according to the method
of Thomsen et al. (43). The PCR products for each sample were pooled
and purified with a QIAquick PCR purification kit (Qiagen, Hilden, Ger-
many) and used for cloning. Cloning was performed using a TOPO TA
cloning kit for sequencing (Invitrogen, Carlsbad, CA). Following blue and
white screening according to standard methods, more than 48 clones from
each library were isolated and subcultured. The plasmids were amplified
by rolling-cycle reaction using an Illustra TempliPhi kit (GE Healthcare,
United Kingdom) and sequenced by Macrogen unidirectionally or bidi-
rectionally using M13 primers.

Sanger sequencing data analysis. Vector trimming, quality analysis,
consensus assembly, and BLAST search of sequencing data were per-
formed by using CLC Main Workbench (CLC Bio). The consensus se-
quence for each clone was compiled by assembling the forward and re-
verse sequences and trimming vector sequences. Each clone sequence and
DGGE sequence was manually curated, and ambiguous nucleotides were
resolved by inspecting the sequencing chromatogram. If the sequence
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contained many ambiguous nucleotides, indicating the presence of mixed
species, the sequence was discarded. The primer sequences and vector
sequence regions beyond the primers were trimmed. Checks for chimeric
sequences were conducted using the program Mallard (4). Initial micro-
bial species identification was performed by using the integrated blastn
search in the NCBI database (http://www.ncbi.nlm.nih.gov/) with stan-
dard parameters except that “Nucleotide Collection“ was the chosen da-
tabase and the “Entrez Query” was limited to “Bacteria [ORGN].” All
sequences were aligned to SILVA rRNA database using the SINA Web
Aligner (39). The aligned sequences were imported into the ARB software
package for taxonomic lineage assignment (30) by calculating neighbor-
joining, maximum-parsimony, and maximum-likelihood trees. The cov-
erage of the clone library was assessed by Good’s coverage estimator (18).

Pyrosequencing and data analysis. A 466-bp fragment of 16S rRNA
gene flanking V3 and V4 regions was amplified using the modified prim-
ers PRK341F (5=-CCTAYGGGRBGCASCAG-3=) and PRK806R (5=-GGA
CTACNNGGGTATCTAAT-3=) (50). The PCR incorporated an Illustra
PuReTaq Ready-To-Go PCR beads kit (GE Healthcare), 2 �l of each
primer (10 �M) (TAG, Copenhagen, Denmark), 1 �l of diluted template,
and water to a total volume of 25 �l. The PCR incubation conditions were
95°C for 5 min, followed by 35 cycles of 95°C for 20 s, 56°C for 30 s, and
72°C for 30 s, and a final extension at 72°C for 5 min. Reactions were
analyzed by 1% agarose gel electrophoresis. A band of the approximately
correct size was sliced from the gel and purified using a QIAEX II gel
extraction kit (Qiagen). A second PCR amplification (25 �l) was per-
formed with the fusion primers 341F and 806R with adapters and tags.
The PCR mix of second amplification contained 5 �l of 5� Phusion HF
buffer (7.5 mM MgCl2; Finnzymes, Finland), 0.5 �l of a 10 mM deoxy-
nucleoside triphosphate mixture, 0.25 �l of Phusion Hot Start DNA poly-
merase (1 U/�l; Finnzymes), 1.25 �l of each primer (10 �M), 2 �l of PCR
product amplified from the first step, and water to a total of 25 �l. The
PCR incubation conditions of the second PCR were as follows: initial
activation of the hot start polymerase at 98°C for 30 s, followed by 15
cycles of 98°C for 5 s, 56°C for 20 s, and 72°C for 20 s, with final extension
at 72°C for 5 min, and the number of cycles was reduced to 15. Bands of
�500 bp were cut out and purified as described above. The amplified
fragments with adapters and tags were quantified using a Qubit fluorom-
eter (Invitrogen). Tagged samples were mixed in approximately equal
concentrations (4 � 106 copies/�l) to ensure equal representation of each
sample. DNA samples were sequenced on the 75�75 Titanium GS Pico-
TiterPlate (PTP) by using a GS FLX pyrosequencing system according to
the manufacturer’s instructions (Roche).

Analysis of 16S rRNA gene amplicon sequences was performed by
using the Quantitative Insights Into Microbial Ecology (QIIME; v1.3.0)
pipeline (6). The sequencing data were processed initially with Amplicon-
Noise (40) to remove noises. Then, QIIME pipeline separates the se-
quences into individual communities by barcode and utilizes a suite of
external programs to make taxonomic assignments and estimate the phy-
logenetic diversity. These data were used to generate taxonomic summa-
ries. The default settings in QIIME were used for analysis, except that the
sequences were clustered into operational taxonomic units by 99% se-
quence similarity, and taxonomy assignment was done by using BLAST
and Greengenes taxonomy (12).

FISH. Fluorescence in situ hybridization (FISH) was performed on
fixed biofilms (2, 10). Visualization of the hybridized samples was carried
out on a Zeiss LSM 510 confocal laser scanning microscope (Carl Zeiss,
Germany). The following oligonucleotide probes were used: Ent targeting
Enterobacteriaceae except for Proteus spp. (25) and EUBmix (1, 8). Oligo-
nucleotide probes were 5= labeled with 5(6)-carboxyfluorescein-N-hy-
droxy-succinimide ester (FLUOS) or with sulfoindocyanine dyes (Cy3;
Thermo Hybaid, Germany).

Statistics. The Fisher exact probability test was used to determine
statistically significant differences of positive rates between urine culture,
catheter tip culture, and 16S rRNA gene PCRs of catheter surfaces.

Nucleotide accession numbers. The GenBank accession numbers for
the 16S rRNA gene sequences determined in the present study are
JQ820171 to JQ820200.

RESULTS
Catheter and urine results. All 24 removed catheters were exam-
ined by culture and broad-range 16S rRNA gene PCR (i.e., partial
16S rRNA gene PCR and DGGE), of which 16 had corresponding
urine culture. The results for these 16 catheters showed that cul-
tures of the catheter tip and urine were concordant for eight cases
(seven positive and one negative) and discordant for the other
eight cases (all were catheter tip culture positive and urine culture
negative); the difference was statistically significant (Fisher exact
test, two-tailed, P � 0.006). In comparison, the correlation be-
tween PCR and urine culture was greater with disagreement only
observed in 2 of the 16 cases (7 positive, 7 negative, and 2 PCR
positive but urine culture negative); the difference was statistically
insignificant (Fisher exact test, two-tailed, P � 0.72). Comparison
of the 24 catheters showed that all catheter tip cultures were pos-
itive except for one (catheter 15), while PCR was only positive for
14 catheters (Fisher exact test, two-tailed, P � 0.004).

Overall, culture of catheter tips resulted in more frequent pos-
itive identifications compared to urine culture and DGGE analysis
(Table 1). Candida species were not found by DGGE because eu-
karyotic PCR primers were not used. In total, culture identified 19
species, including 2 fungal species, all of which were common
pathogens involved in CAUTIs or normal skin microbes, such as
CoNS and corynebacteria except for Achromobacter denitrificans.
In comparison, DGGE and sequencing analysis identified 13 spe-
cies, all of which were also found by culture except Actinomyces
neuii, uncultured Corynebacterium sp., and Corynebacterium
jeikeium. However, cultures of catheter tip and urine and DGGE
analysis frequently disagreed on the species detected from the
same patient.

Table 1 shows also that polymicrobial community was more
frequently found by catheter tip culture than by DGGE. The high-
est number of bacterial species identified from a single sample was
four (culture of catheter 9). In addition, all of the patients, who
were suspected of having CAUTIs, had bacteria detected by all
three methods except the corresponding urine of catheter 10,
which was not cultured (Table 1).

Extraluminal versus intraluminal identifications by molecu-
lar methods. The insides and outsides of 19 catheters were ana-
lyzed separately by PCR, which showed concordant results in 13
catheters (6 negative and 7 positive) and discordant results in 6
catheters (Table 1). Sequencing of the DGGE bands from these
samples identified 13 bacterial species in total (Table 1 and Fig. 1).
Among the seven catheters with positive PCR from both sides of
the catheter, three catheters (catheters 7, 11, and 14) had the same
species on both sides (all were monomicrobial), while the remain-
ing four catheters (catheters 2, 10, 12, and 19) had one common
species on both sides and an additional species on one side of the
catheter. These four catheters were also the only ones from which
two species were identified, whereas all the other PCR-positive
catheters were colonized with a single species according to DGGE
analysis. Of the six discordant catheters, three catheters (catheters
8, 9, and 13) were PCR positive on the external surface, while the
remaining three catheters (catheters 1, 4, and 6) were PCR positive
on the internal surface. Hence, there was no difference in the pos-
itive rate between the two sides.
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To determine whether DGGE was an adequate method for the
investigation of bacterial diversity in the present study, two cath-
eters (four DNA samples) were randomly selected for cloning and
454 pyrosequencing of the 16S rRNA genes. From each clone li-
brary, 60 to 190 clones were sequenced, and the coverage was
100%. The species identified by cloning were exactly the same as
detected by DGGE for all four samples (Table 2). For each sample,
the number of pyrosequencing reads after quality filtering by
AmpliconNoise was �5,000, which provides higher sampling-
depth than DGGE and cloning. From the external surface of cath-
eter 12, Actinomyces and Pseudomonas were detected by all three
molecular methods. However, pyrosequencing identified one
more genus than DGGE and cloning in the other three samples.
Enterobacter hormaechei was found on both the external and the
internal surfaces of catheter 7, in addition to Klebsiella and, in
addition to Actinomyces, Pseudomonas was detected on the inte-
rior of catheter 12. However, due to the relatively short length of
the amplicons and the high degree of sequence similarity within
Klebsiella and Pseudomonas genera, species-level assignment was
not achieved.

Visualization of bacteria. To visualize the presence and orga-
nization of bacteria, an additional removed urinary catheter was

used for FISH. Both single cells and clusters of bacteria were
detected in the material scraped from the catheter (Fig. 2) by
the universal probe and the Ent probe, which correlates with
the finding of E. faecalis and E. coli by culturing of the catheter
tip. No large aggregates of bacteria were observed, indicating
that only a small number of bacterial cells were unevenly dis-
tributed on the catheter.

DISCUSSION

To our knowledge, only one study (15) has been published using
culture-independent molecular methods to investigate microbial
diversity on the removed urinary catheters. The authors of that
study examined 14 catheters removed after 14 days of catheteriza-
tion using 16S rRNA gene PCR and cloning. They found that all
eight catheters from patients without systemic antimicrobial
treatment were colonized by multiple species (estimated average
of �20 species), with extensive variation between the external and
internal surfaces, whereas only one of the six catheters removed
from patients receiving systemic antibiotics was PCR positive, and
only a single species was identified on both sides of the catheter.
Thus, antimicrobial agents significantly reduce the microbial di-
versity on the catheters, which was also observed in our study. In

TABLE 1 Culture and DGGE results

Parameter

Culture DGGE

Catheter Urine Total External Internal Mixed

Total no. of analyzed catheters 24 16 24 19 19 5
No. positive/no. negativea 23/1 7/9 14/10 10/9 10/9 1/4
No. polymicrobial/no. monomicrobialb 10/13 3/4 4/10 2/8 2/8 0/1
Total no. of species 16 �7 13 9 11 1

Catheter no.
Gram-negative bacteria

Achromobacter denitrificans 11 11 11
Citrobacter koseri 9, 14 9 14 14
Escherichia coli 13
Enterobacter cloacae 1
Enterobacter sp. 1 1
Klebsiella oxytoca 7 7 7 7
Klebsiella pneumoniae 10 10 10
Morganella morganii 13
Pseudomonas aeruginosa 12 12
Stenotrophomonas maltophilia 9 9

Gram-positive bacteria
Actinomyces neuii 12 12
CoNS 2, 8, 9, 11, 17–19, 20–23
Corynebacterium jeikeium 19
Corynebacterium sp. 6, 8
Uncultured Corynebacterium sp. 2
Enterococcus faecalis 3, 4, 13, 19, 21, 24 19 10, 13, 19 4, 19 21
Enterococcus faecium 17, 24
Micrococcus luteus 9
Nonhemolytic streptococci 8 13
Staphylococcus epidermidis 5, 16 6
Staphylococcus haemolyticus 2, 8 2

Unidentified mixed bacterial species 8, 9
Fungi

Candida albicans 17
Candida glabrata 20

a That is, the number of positive identifications/the number of negative identifications.
b That is, the number of polymicrobial identifications/the number of monomicrobial identifications.
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the present study, 13 of the 14 patients with available medical
records were treated with antibiotics during catheterization, and
PCR was positive in 12 of them. All of the PCR positive catheters
were colonized by one to two species (1.3 on average), as shown by
DGGE. Even when pyrosequencing with �5,000 sequences per
sample was used, only one or two bacterial genera dominated 99.9
to 100% of the sequences for each sample (Table 2). The low

diversity of the biofilm indicates that antibiotics or antibiotic pro-
phylaxis kill some species but selected for a few and possibly resis-
tant ones. Other likely factors contributing to the observed low
diversity that we observed here are the relatively short catheter
indwelling period (generally �30 days) and the microbial compe-
tition for resources resulting in the exclusion of some species.

Our results, overall, showed no apparent difference in positive

FIG 1 Phylogenetic tree based on DGGE and cloning sequences obtained from the catheter samples. The tree was calculated using the maximum-likelihood
method. The scale bar represents the 10% estimated sequence derivation. (T), type strains.
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rate and total number of identified bacterial species between the
inside and outside of the catheters; nonetheless, it is likely that
colonization of the bacteria was heterogeneous on the catheters
(15). This is suggested by the FISH micrographs (Fig. 2) and indi-
cated by the finding that six catheters had discordant PCR results
between the inside and outside, and four of the seven concordant
PCR-positive catheters had different species on the two sides of
the catheters. This heterogeneous distribution of bacteria has also
been observed in a number of biofilm-related infections, such as
chronic wounds (26, 44) and the respiratory tracts of cystic fibro-
sis patients (5).

All microorganisms identified here (Table 1) are common
pathogens involved in CAUTIs except for A. denitrificans, A. neuii,
the uncultured Corynebacterium sp., and C. jeikeium. A. denitrifi-
cans has been isolated from various clinical specimens, such as
urine, eye swabs, and pleural fluid, but no detailed reports about
its clinical significance are available (47). A. neuii is a rare patho-

gen, which has mainly been reported to cause abscesses, but it has
also been found in UTIs, skin lesions, bacteremia, endocarditis,
etc. (16, 46). The two corynebacteria (uncultured Corynebacte-
rium sp. and C. jeikeium) were only identified by DGGE. Coryne-
bacteria constitute part of the normal skin flora, which makes it
difficult to distinguish between infection, colonization, and con-
tamination with these organisms. However, they are now recog-
nized with increasing frequency as opportunistic human patho-
gens (17). Both corynebacteria were found on the inside of the
catheters; hence, they were more likely colonizers than contami-
nants. We found E. coli, the most commonly isolated Gram-neg-
ative organism in CAUTIs, only once, and other common species
such as Proteus mirabilis, Serratia spp. and Providencia stuartii
were not detected at all. This was expected because these species
are normally only isolated when infection is suspected. Only 24
catheters were analyzed; therefore, the species identified are not
representative for our facility and should not be compared to
other studies.

We provide here the first comparison of molecular and culture
investigations of microbes on urinary catheters. Overall, culture of
catheter tips by the rolling-plate method yielded significantly
higher positive rates, which was unexpected since culture-inde-
pendent molecular methods are generally more sensitive than cul-
ture for detecting bacteria in biofilm-related infections (11, 44,
49). However, the applied semiquantitative Maki’s roll-plate
method for catheter culture was originally developed for intrave-
nous-catheter-related infections with a cutoff of 15 colonies per
culture plate for distinguishing contamination (31). Its applica-
tion on urinary catheters has never been studied. The urethra,
which is normally colonized by many different bacteria from the
vagina, skin, or feces, contains more microbes than the insertion
site for intravenous catheters. Thus, using Maki’s roll-plate
method for urinary catheters may lead to overestimation of infec-
tion. Potential contamination is indicated by the finding that
CoNS, including S. epidermidis, were isolated from 13 of the 24
catheter tips, whereas only three catheters were positive for Staph-
ylococcus species by DGGE analysis and none of the urine cultures
(Table 1). CoNS are previously reported to account for 20 to 30%
of isolates from short-term catheters and less than 10% from long-
term catheters (34). Since CoNS are frequently found on skin and
mucosal membranes as part of the normal human microbes, the
risk of urethral contamination during catheter removal is consid-
erable. Rinsing the catheter tip with sterile phosphate-buffered

TABLE 2 Cloning and pyrosequencing results

Catheter no. and
position DGGE

Cloning Pyrosequencing

No. of
clones

Species (% of
cloning library)

No. of
sequences

Family (% of total
sequences)

Genus (% of total
sequences)

Species (% of total
sequences)

7
Exterior K. oxytoca 176 K. oxytoca (100) 7,085 Enterobacteriaceae (100) Enterobacter (68.0) E. hormaechei (68.0)

Klebsiella (31.9) Undetermined
Interior K. oxytoca 190 K. oxytoca (100) 5,683 Enterobacteriaceae (100) Enterobacter (66.3) E. hormaechei (66.3)

Klebsiella (33.3) Undetermined

12
Exterior A. neuii 73 A. neuii (82) 28,579 Actinomycetaceae (50.8) Actinomyces (50.8) A. neuii (50.8)

P. aeruginosa P. aeruginosa (18) Pseudomonadaceae (49.1) Pseudomonas (49.1) Undetermined
Interior A. neuii 60 A. neuii (100) 5,795 Actinomycetaceae (90.6) Actinomyces (90.6) A. neuii (90.6)

Pseudomonadaceae (9.4) Pseudomonas (9.4) Undetermined

FIG 2 FISH micrograph of catheter biofilm. Material scraped from a catheter
was hybridized with a universal bacterial probe (EUBmix) and an Enterobac-
teriaceae probe. Single cells (white arrow) and clusters of enterobacteria (red
arrow) are visible in the biofilm. The large green background indicates unspe-
cific binding of EUBmix probes to the biofilm. E. faecalis and E. coli were
isolated from the catheter tip by culture.
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saline before culturing may help to remove the loosely attached
contaminating bacteria (15). Similarly, after the catheters are used
for roll-plate culture, contaminants are significantly reduced;
hence, the samples used for molecular studies here were less af-
fected by contaminants. On the other hand, roll-plate culture
probably also removed significant amounts of bacteria from the
catheter surfaces in some cases, and the applied molecular meth-
ods were not sensitive enough to detect the remaining ones. Con-
sequently, PCR had a lower positive rate than catheter tip culture.

Urine culture and PCR only showed disagreement in two cath-
eters; however, the species identified by urine culture and DGGE
were at least different in three of the seven concordant positive
cases (catheters 1, 9, and 13). The differences could be reasoned by
the presence of bacteria in biofilms colonizing only the catheter
without a detectable level of planktonic bacteria in the urine (32),
or the loosely attached bacteria were removed from the catheter by
roll-plate method. Despite of this potential limitation, the overall
findings in the present study suggest that culture of urine is still
recommended for the routine diagnosis of CAUTI, whereas the
catheter tips may overestimate microbial presence and diversity.
This is in agreement with the most recent recommendations from
the U.S. Centers for Disease Control and Prevention (www.cdc
.gov/nhsn/pdfs/pscManual/7pscCAUTIcurrent.pdf), which state
that urinary catheter tips should not be cultured and are not ac-
ceptable for the diagnosis of a UTI.

We used DGGE as the main molecular method to identify the
bacterial species. DGGE is a method based on separating different
DNA sequences according to their melting behavior (33), which
has a relatively low resolution compared to cloning and next-
generation sequencing technologies. DGGE and cloning identi-
fied the same species in all four samples. However, 454 pyrose-
quencing identified one more genus in three samples. Hence, it
was likely that some of the other 16S rRNA gene PCR-positive
samples contained more species than were revealed by DGGE. To
detect the additional bacteria in the samples, all samples could
have been analyzed by pyrosequencing; nevertheless, due to the
cost of pyrosequencing, it was only used to evaluate DGGE results
in the four samples.

It is also noteworthy that in the case of the exterior of catheter
12, the proportional read abundance of A. neuii and Pseudomonas
differed between cloning and pyrosequencing, likely because of
primer bias since different primer pairs were used for cloning and
pyrosequencing (27). There are a few widely used broad-range 16S
rRNA gene primers. Although “universal,” these primers differ in
their taxonomic coverage, the degree of specificity of primers for
different organisms, and the extent of phylogenetic information
generated by the target 16S rRNA gene fragment (27). Cloning
bias may also occur due to a different ligation efficiency of TA
cloning system when cloning diverse insert pools (37). Similarly,
454 pyrosequencing is associated with various biases, such as those
caused by emulsion PCR, systematic base calling errors, etc. Even
so, the 454 pyrosequencing reads may be used to compare the
proportional read abundance of a given species with itself across
samples (3). Thus, the pyrosequencing data indicated that the
proportions of Enterobacter and Klebsiella in the population were
nearly the same on the two sides of catheter 7, whereas the pro-
portions of Actinomyces and Pseudomonas were unequal on the
two sides of catheter 12. For the purpose of absolute quantifica-
tion, quantitative PCR with primers specific for an organism or an
organism group is more suitable.

To study the microbial community composition, DGGE, clon-
ing, and next-generation sequencing such as 454 pyrosequencing
can provide detailed information; however, these approaches are
too time-consuming to be applicable for routine clinical diagno-
sis. In comparison, quantitative PCR is a fast culture-independent
molecular method and has been used routinely in many clinical
microbiological departments. Choosing the appropriate quantita-
tive PCR assay requires a priori supposition of the pathogens in-
volved in contrast to these other methods. To detect and identify
the causative agents quickly and without a priori supposition of
the involved bacteria, the new PLEX-ID system may be a good
candidate. This technology can in theory identify all present mi-
crobes in a sample within 6 h by using multiple primer sets to
amplify multiple regions of the bacterial genomes, followed by
mass spectrometry analysis (14).

In the present study, power calculation was not performed
since the difference in sensitivity of the different methods was not
known beforehand. In addition, it was not possible to calculate the
correlation between the insertion time and the positivity of detec-
tion of organisms with catheter tip culture, urine culture, and
PCR, since these three methods showed no difference in the pos-
itive rate for the catheters with known insertion times.

Conclusions. This study suggests that prophylaxis and antibi-
otics reduce the diversity of microbial species associated with uri-
nary catheters, which may be effective for the prevention of
bacterial colonization in short-term catheterized patients. Sur-
prisingly, culture-independent molecular methods did not detect
bacteria more frequently than culture-based methods. Thus,
based on this pilot study, urine cultures seem to be sufficient for
the routine diagnosis of CAUTI, which, however, should be con-
firmed by other studies. Caution should be taken when using cath-
eter tips for diagnosis to avoid contamination, and loosely at-
tached bacteria should be removed by rinsing the catheter with,
e.g., phosphate-buffered saline. 16S rRNA gene fingerprinting did
not detect more bacterial species than culture-based methods
from the urinary catheters, whereas deep sequencing using next-
generation sequencing tools may uncover more species. Finally,
the species identified are not representative for our facility and
should not be compared to other studies.
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