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ABSTRACT 26 

The urinary microbiome of healthy individuals and the way it alters with ageing have not 27 
been characterised and may influence disease processes. Conventional microbiological 28 

methods have limited scope to capture the full spectrum of urinary bacterial species.  We 29 
studied the urinary microbiota from a population of healthy individuals, ranging from 26 to 30 
90 years of age, by amplification of the 16S rRNA gene, with resulting amplicons analysed 31 

by 454 pyrosequencing.  Mid-stream urine was collected by the ‘clean-catch’ method. 32 
Quantitative PCR of 16S rRNA genes in urine samples, allowed relative enumeration of the 33 

bacterial loads.  Analysis of the samples indicates that females had a more heterogeneous mix 34 
of bacterial genera compared to the male samples and generally had representative members 35 
of the phyla Actinobacteria and Bacteroidetes. Analysis of the data leads us to conclude that 36 

a ‘core’ urinary microbiome could potentially exist, when samples are grouped by age with 37 
fluctuation in abundance between age groups. The study also revealed age-specific genera 38 

Jonquetella, Parvimonas, Proteiniphilum and Saccharofermentans. In conclusion, 39 

conventional microbiological methods are inadequate to fully identify around two-thirds of 40 

the bacteria identified in this study. Whilst this proof-of-principle study has limitations due to 41 
the sample size, the discoveries evident in this sample data are strongly suggestive that a 42 
larger study on the urinary microbiome should be encouraged and that the identification of 43 

specific genera at particular ages may be relevant to pathogenesis of clinical conditions.   44 

 45 
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 51 

INTRODUCTION 52 

The term ‘microbiome’ refers to all microbiota in a defined microbial community (Dave et 53 
al., 2012). With molecular tools now developed to assess the composition and diversity of 54 
particular microbiomes far more accurately, and independently of culture methods, potential 55 

insights into the affiliation between humans and their associated microbiota in healthy and 56 

disease can be obtained.  Bacteria constitute 90% of all cells in the human body, and this 57 

symbiotic relationship is crucial in maintaining health and for proper development of the host 58 
(Proctor 2011). For example, maintaining a vaginal environment that is dominated by 59 
Lactobacillus species is associated with healthy pregnancy outcomes, lack of vaginal 60 
symptoms and reduced risk for acquiring several sexually transmitted pathogens (Marrazzo 61 

2011).  In addition, studies of the gut have demonstrated a variety of functions for the 62 
resident microbiota in maintaining the host’s health, including metabolic and trophic 63 
functions, as well as providing a protective barrier against pathogens (Guarner and 64 

Malagelada 2003; Chervonsky 2012).  65 

The bladder was notably not included within the Human Microbiome Project.  Historically 66 
urine has been considered sterile until reaching the urethra in healthy individuals, hence 67 
lacking in an associated microbiota (Fouts et al., 2012).  However, urine (as a reflection of 68 

the bladder microbiota) from healthy individuals does contain extensive numbers of bacteria, 69 

which are not routinely cultivated by clinical microbiology laboratories, but can be identified 70 

by 16S rRNA gene sequencing (Nelson et al., 2010; Siddiqui et al., 2011; Wolfe et al., 2012). 71 

The intestinal microbiota of healthy humans progressively develops in complexity from birth 72 

until adulthood, where a stable microbiome is established for the majority of an individual’s 73 
adult life (Durbán et al., 2012; Jalanka-Tuovinen et al., 2011; Arumugam et al., 2011).  Yet 74 

with aging, physiological changes (e.g. changes in diet, lifestyle, immune system function) 75 
induced by the ageing process will likely affect the abundance of an individual’s bacteria at 76 
every bodily niche (Biagi et al., 2012).  Therefore, as for the intestinal microbiota, it is 77 

important to understand how the ageing process shapes the microbiota within the healthy, 78 

ageing bladder as a platform for future studies (O’Toole 2012).  79 

The aim of this study was to capture the total urinary microbiota from a sample of healthy 80 

individuals of various ages by amplification of the 16S rRNA gene (surrogate marker for the 81 

presence of bacteria) with resulting amplicons analysed by the 454 pyrosequencing high-82 

density system.  While bladder biopsies or suprapubic aspirates would provide the best 83 
quality material for capturing the bladder microbiota, this was not feasible for a pragmatic 84 
study in a healthy population (Wolfe et al., 2012). Accordingly, clean-catch mid-stream urine 85 
(MSU) samples were employed to characterise the urinary microbiota, as a reflection of the 86 
bladder microbiota.  To enumerate the amount of bacteria within each sample and to 87 
discriminate contaminants as those that fall below a certain level in a comparable manner to 88 
standard urine microbiology tests, DNA within each sample was quantified by qPCR and 89 



compared to a known number of operon copies /ml of a urine sample spiked with Escherichia 90 

coli also quantified by qPCR. This strategy allowed us to relate the relative abundance of 91 

bacteria between donated samples and provide more informative data.  92 

MATERIALS AND METHODS 93 

Sample collection  94 

Participants were recruited from people attending a secondary care urology clinic and 95 
informed consent was obtained from all. The UK South West Central National Research 96 
Ethics Service gave ethical approval for the study (NRES reference number 09/H0102/68). 97 
The inclusion criteria were as follows:  no lower urinary tract symptoms, no history of 98 
urinary tract infection (cystitis, pyelonephritis, prostatitis) in the preceding year and no recent 99 

use (> 1 month) of antibiotics for any indication.  Volunteers were instructed to provide a 100 
clean-catch, mid-stream voided urine sample into a sterile container. Samples were 101 
immediately tested with a urinary dipstick to determine if they were positive for nitrites 102 

(Siemens Multistix 8 SG).  The samples were anonymised in the order they were received by 103 
a local coding system (e.g. UWE01, UWE02 etc.), stored at 4

o
C and cultured within 4 hours 104 

of sampling. An aliquot of the samples was frozen at -20
o
C for subsequent DNA extraction 105 

also.  106 

Extraction of DNA from urine and quality check. 107 

DNA was extracted by bead beating in a lysis buffer containing detergent followed by 108 
alcohol precipitation. A co-precipitant (sterile linear polyacrylamide, LPA) was included. All 109 

buffers were made up from 18.2 MΩ water and autoclaved.  Blank extractions were used to 110 

confirm zero 16S rRNA gene background contamination in the reagents.  111 

Urine samples (2 ml) were sedimented (2600g, 5 mins) and the pellet washed once in PBS. 112 
The pellet was resuspended in 850 µl lysis buffer (3% w/v sodium dodecyl sulphate in 50 113 

mM tris, 5 mM EDTA, pH 8.0, 10 µg/ml RNase A) and transferred to a sterile bead beating 114 

tube containing 0.5g 0.1mm sterile glass beads. The sample was agitated at 6m/second for 2 x 115 
45 s. After centrifugation (16000g, 10 mins) 500 µl supernatant was transferred to a fresh 116 
tube and 350 µl 5 M ammonium acetate was added and the tubes held on ice for 5 mins and 117 

centrifuged (16000g, 5 mins). The supernatant was held on ice for a further 5 mins and 118 
centrifuged (16000g, 5 mins). This was followed by sequentially adding to the supernatant 119 

10µl 0.5% LPA and 850 µl iso-propyl alcohol. The sample was held at room temperature for 120 
5 minutes and centrifuged (16000g, 5 mins). The pellet was washed in 500 µl 70% ethanol 121 
and re-dissolved in 400 µl TE buffer (10 mM Tris;HCl 1 mM EDTA pH 8.0). To this was 122 

added 1 ml 100% ethanol and after 5 mins at room temperature the sample was centrifuged 123 
(16000g, 5 mins). The pellet was washed in 500 µl 70% ethanol, air dried and dissolved in 50 124 

µl TE buffer. DNA extracts were stored at -80
o
C. 125 

DNA was confirmed to be of sufficient quality for downstream PCR applications by 16S 126 
rRNA PCR by amplifying the V1-V3 hypervariable region of the bacterial 16S rRNA gene 127 

using primers 63F (5’ CAGGCCTAACACATGCAAGTC 3’) and 517R (5’ 128 
AGGCCTAACACATGCAAGTC 3’).  All PCR amplifications were conducted in 50 µl 129 
volume containing 5 µl of DNA (10 to <1 ng per reaction depending on sample yield) 130 
according to manufacturers of the DNA polymerase (Moltaq 16S, Molzym, Bremen, 131 
Germany).  The kit was supplied as a 2.5 x mastermix which contains dNTPS, Taq 132 
polymerase and MgCl2 (exact content is proprietary). An automated thermal cycler (BioRad, 133 
Hemel Hempstead, UK) was used for PCR amplification which was programmed for an 134 



initial denaturation of 94
o
C for 10 mins, 40 cycles of denaturation (94

o
C for 30 s), annealing 135 

(60
o
C for 60 s) and extension (72

o
C for 120 s) and a final extension of (72

o
C for 10 mins) as 136 

per manufacturer’s instructions.   The samples were verified on a 1.5% w/v agarose gel.  137 

Quantification of sample bacterial load by Quantitative PCR (qPCR) of 16S rRNA 138 

DNA. 139 

Sample bacterial load was quantified by 16S rRNA qPCR of the urine DNA extracts 140 
(Mastermix 16S, Molzym, Bremen, Germany). The kit reagent was supplied as a 2.5 x 141 
mastermix which contained dNTPs, primers (343F  5’ TCCTACGGGAGGCAGCAGT 3’ 142 

and 809R 5’ GGACTACCAGGGTATCTAATCCTGTT 3’), Taq polymerase and SYBR 143 
fluorescent dye in a PCR buffer (exact content is proprietary). A volume of 15µl of this 144 
secondary mix was then added to 10 µl of a 1/10 dilution of respective urine DNA extract/ E. 145 
coli DNA calibrator. The supplied Taq was non hot-start; this necessitated assay set-up on 146 
ice, and the use of the PCR cycler plate to be preheated (95 

o
C) in order to minimise primer-147 

dimer formation (verified by melt curve analysis). The amount of urine extract DNA template 148 

was 20 to <1 ng/reaction (it was not possible to accurately quantify the amount of DNA in all 149 
extracts since some concentrations were <1 ng/µl). The total urine DNA extract volume was 150 

50 µl which originated from 2 ml urine, and 10µl of a 1/10 dilution of extract was added.  151 
The qPCR was calibrated using DNA obtained from an enumerated E. coli liquid culture (OD 152 
600 nm of 1.5) extracted by the urine DNA protocol.   153 

In our hands linearity of the enumerated E. coli DNA extract was observed over 6 dilution 154 
decades from an initial 200ng/reaction to 200fg/reaction (equivalent enumerated culture 7 x 155 

10
6
 to 70 cfu per reaction, 4.9 x 10

7
to 490 operon copies per reaction using a copy value of 7 156 

operons per CFU [Klappenbach et al., 2001]). This yielded a urine assay range (obtained by 157 
calculation from extraction factorisation) of 1.75x 10

8
 to 1.75 x 10

3
 E. coli cfu/ml which is 158 

1.25 x 10
9
 to 1.25 x 10

4
 operon copies/ml equivalent. The qPCR assay was susceptible to 159 

primer-dimer interference. Optimisation experiments indicated that under the employed 160 

conditions a false signal originated in the negative sample (blank) and low copy sample 161 

extracts at 30 cycles.  This yielded a practical detection limit of 10
4 

cfu/ml or 7 x 10
4 

operon 162 

copies/ml. 163 

Sequencing and analysis 164 

FLX-titanium amplicon pyrosequencing (bTEFAP) of the VI-V3 regions of the 16S rRNA 165 
gene was performed by Research and Testing Laboratory (Lubbock, Tx, USA) and the tagged 166 

reads were denoised and chimeras removed prior to analysis in the host institution (Edgar et 167 
al., 2011). Once the reads were transferred they were analysed by means of the bioinformatic 168 
software Mothur (http://www.mothur.org: version 1.28.1) using absolute numbers in each 169 
sample to minimise any artefacts which might be introduced due to re-sampling (Schloss et 170 
al., 2009).  The reads were mapped to the Ribosomal Database Project (RDP) taxonomy by 171 

Mothur using a dissimilarity cutoff value of 0.03 and only Operational Taxonomic Units 172 
(OTUs) with a minimum of 10 reads in any sample were used. The unique OTUs from this 173 

pipeline were used in the R statistical environment to determine clusters and heatmaps. The 174 
number of clusters was determined using partitioning around medoids (PAMK) in the 175 

package FPC in R. The 16S rRNA gene sequences are available for download from the 176 

European Nucleotide Archive (ENA) under accession number PRJEB4256. 177 

178 
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RESULTS 179 

Sample collection 180 

MSU samples were collected by the clean-catch method from male (n= 6; age range 39 – 83 181 
years of age) and female (n=10; age range 26 – 90 years of age) donors.  DNA extractions 182 
and PCR analysis of V1-V3 hypervariable region using 63F and 517R primers was performed 183 

to ensure samples were sufficient to be amplifiable by downstream PCR methods.  Samples 184 
were confirmed to be of good quality DNA and were sent to the Research and Testing 185 
Laboratories (Lubbock, Texas) for 454 pyrosequencing with returned results as shown in 186 

Table 1.  187 

Taxonomic assignment of the Sequences  188 

The 16S rRNA gene sequences were classified using the bioinformatics software Mothur and 189 
a dissimilarity cut-off of 0.03, into 663 OTUs. Upon further analysis, according to criteria 190 

stipulated in the methods, this was reduced to 234 OTUs and came from 10 phyla, 17 classes, 191 
27 orders, 56 families and 94 genera (Supplemental Table 1).  The microbiota of the 16 192 
samples clustered into two groups as determined by the partitioning around mediods method 193 

(PAMK in R); those that were dominated by one phylum and those with more than one 194 

phylum (Supplemental Figure 1). Of the monophyletic samples, three (UWE04, UWE22 195 
and UWE30) were dominated by OTUs which clustered in the Firmicutes, while two 196 
(UWE19 and UWE47) were dominated by OTUs from the Proteobacteria.  In the samples in 197 

which one phylum was present there was commonly only one OTU represented from that 198 
phylum; OTU525: genus Staphylococcus (in sample UWE04), OTU527: genus Lactobacillus 199 

(UWE22), OTU545: genus Aerococcus (UWE30), OTU582: genus Pseudomonas (UWE19) 200 
and OTU590: genus Enterobacter (UWE47) (Figure 1). The remaining samples had on 201 

average 5 phyla (range 2-8; Supplemental Table 2). 202 

Enumeration of 16S rRNA genes by qPCR. 203 

To enable quantitative comparison between urine samples a qPCR assay of the 16S rRNA 204 
gene was done and compared to a known enumerated E. coli sample.  Due to the inter species 205 

variation in rRNA operons per genome it was decided to express the urine bacterial load 206 
arbitrarily as operon copy/ml equivalent, using a copy value for E. coli of 7 operons per CFU 207 

(Klappenbach et al., 2001).  208 

Table 1 shows the ‘equivalent’ number of rRNA operon copies/ ml of urine per patient and 209 
also the total number of different genera which were present within each sample.   In 6 of the 210 

samples (5 female - UWE01, UWE02, UWE18, UWE20 and UWE44; and 1 male – UWE 211 
22) the results of the urinary dipstick for the detection of nitrites as an indication of the 212 
presence of bacteria was negative but results from the qPCR suggest the bacterial count 213 
would likely be in numbers far greater than 1 x 10

5
 cfu/ ml equivalent based on the copy 214 

value of E. coli of 7 operons per CFU.  Equally two female samples were positive to nitrites 215 

(UWE32 and UWE44) however bacterial counts would likely be less than 1 x 10
5
 cfu/ml 216 

equivalent, as determined by qPCR.  Overall therefore 50% of samples could have been 217 

potentially misclassified based on the urinary dipstick analysis alone. 218 

Diversity of bacteria within each gender as individuals 219 

When considering the 16 samples collectively, the general trend is a more heterogeneous mix 220 
of bacterial genera in the female samples (range 6 to 36, average 21, median 21) than the 221 



male (range 1 to 8 plus one sample of 51, average 11.5, median 3.5) (Table 1; Figure 1). 222 

Analysis using the non-parametric Mann Whitney test indicates that the distribution of total 223 
genera is sex dependent (Z = 2.061, n1 = 10, n2 = 6, p = .042, two-sided). Three quarters of 224 
samples have greater than 50 % of the total abundance of bacteria belonging to the phylum 225 
Firmicutes and this was true for both male and female samples. Female samples also 226 

generally had representative members of the phyla Actinobacteria and Bacteroidetes, which 227 

were generally absent from the male samples.   228 

Diversity of bacteria by age as individuals 229 

Considering samples individually in the first instance, Figure 2 is a plot of the total number of 230 
genera identified per person against age.  Statistical analysis using Spearman’s correlation 231 
coefficient indicates that the number of genera and age are not significantly correlated in the 232 

sample (r = -.029, p = .914, two-sided).  233 

Considering the number of operons/ml as determined by qPCR for both routinely cultivated 234 

and not routinely cultivated individually, it can be seen in Figure 3 that the ‘total’ number of 235 
bacteria is similar across the age for both groups. Note ‘not routinely cultivated’ also includes 236 
those not reported individually by standard methods; please see supplemental tables 3 and 4 237 

for more details on groupings.  Further analysis using Spearman’s rank correlation coefficient 238 
indicates that the sample relationship between operons/ml and age does not achieve statistical 239 
significance for genera not routinely cultivated (r = -.464, p = .110, two-sided) or for 240 

routinely cultivated genera (r = -.391, p = .187, two-sided).  241 

Breaking down the ‘total’ number of bacteria per participant into the ‘total’ numbers of 242 
bacteria for each genera against age, it can again be seen in Figure 4 that numbers are highly 243 

similar across the ages and for both routinely cultivated and not routinely cultivated bacteria.   244 

Diversity of bacteria by age when grouped 245 

When samples are grouped into the following age ranges: 20 to 49 years, 50 to 69 years and 246 

70 plus years, irrespective of gender it is notable that the following genera appeared exclusive 247 
to the 70 plus age group, namely Jonquetella, Parvimonas, Proteiniphilum and 248 
Saccharofermentans.  Analysis using the non-parametric Mann Whitney test indicates that 249 

the distribution of the frequencies of this cluster of genera is age dependent (Z = 3.873, n1 = 250 

6, n2 = 10, p <.001, two-sided).   251 

Diversity of bacteria by age and gender when grouped 252 

The sixteen samples were grouped within the following age ranges: 20 to 49 years, 50 to 69 253 

years and 70 plus years. 254 

For females aged 20 – 49 (n=3) the number of different genera identified was 48, with 30 of 255 
these having a predicted operons/ml of greater than the detection limit by qPCR (7 x10

4
 256 

operons/ml equivalent)
 
(Table 2). The average total operons/ml for all bacteria for the 257 

females within the age group 20 – 49 (n=3) was 1.3 x 10
5
.  For females within the age group 258 

50 to 69+ (n=3) the number of genera present was 36.  It was not however possible to predict 259 
operons/ml within this group for any of the samples, as the readings were below the detection 260 
limit of the qPCR method. Nonetheless, it does suggest that the bacterial counts were much 261 
lower than the other two groups who reached at least the detection limit. In the 70+ age group 262 
the number of different genera identified was 43 (n=4). The average total operons/ml for all 263 
bacteria for the females in this age group (70+) was 3.3 x 10

4
. Therefore in the 70+ female 264 

age group, there were approximately 75% fewer bacteria (operons/ml) than in the age group 265 



20 – 49.  Notably, the age groups 20 – 49 and 70+ had in common 17 genera that were 266 

present in both groups at numbers greater than the predicted 7 x10
3
 operons/ml (Table 2). A 267 

further 6 genera were common within these groups but detectable in greater numbers (> 7 x 268 

10
3
 operons/ml) in the age group 20 – 49, than in the 70+ (Table 2).   269 

The males presented a different picture, in that the numbers of genera present increased 270 
through the age groups (Table 3).  However, despite the increase in number of genera within 271 
the male age group 70+, the average total number of bacteria was lower than the younger age 272 

groups with a predicted 4.9 x 10
7
 operons/ml in the age group 20 – 49, compared with 9 x 10

4
 273 

operons/ml in the age group 50 – 69 and 1 x 10
5
 operons/ml in the 70+ age group. Analysis 274 

using the Kruskal-Wallis test shows that these observed sample difference do not achieve 275 

statistical significance (H =2.593, df = 2, p = .273) 276 

 277 

DISCUSSION 278 

Understanding how the human microbiota develops and changes with ageing is essential for 279 

future studies investigating the effects of changes in the microbiota, and implications for 280 
maintaining a healthy host and whether any disease state results.   Physiological changes that 281 
are induced by the ageing process, age-related events (for example morbidity, medication and 282 
lifestyle) and the reduction of functionality of the immune system or immunosenescence will 283 

inevitably modify the composition of the microbiota throughout the human body (Gruver, 284 
Hudson, and Sempowski 2007).  This change has been clearly demonstrated in the gut 285 

microbiota, sampling faeces, and the evidence provided here suggests it is likely an 286 
analogous situation occurs in the bladder and sampling urine (Yatsunenko et al., 2012; 287 
Tiihonen, Ouwehand, and Rautonen 2010; O’Toole 2012; Biagi et al., 2012; Jalanka-288 

Tuovinen et al., 2011). 289 

The method of sampling is frequently debated in any study relating the microbiota of the 290 

urine (Dong et al., 2011; Nelson et al., 2010; Wolfe et al., 2012).  The difficulties in getting a 291 

genuine ‘clean-catch’ MSU sample representative of only organisms originating from the 292 
bladder is well-recognised and especially so for females, in which the urine has to pass 293 
through the distal urethra and/ or for the elderly (both male and female), who have physical 294 

or other impairments (Franz and Hörl, 1999; Lifshitz and Kramer, 2000; Wilson and Gaido, 295 
2004).  Nonetheless, it is less intrusive than alternative approaches, such as bladder tissue 296 
biopsy or catheterisation, and hence the most pragmatic and ethical approach for larger, 297 

longitudinal studies and clinical application and it was therefore our positive intention to 298 
collect samples in this way (Wolfe et al., 2012).  However this is not withstanding potential 299 
urethral or perineal contamination which in a larger study could be considered by 300 
determining thresholds (operons/ml) in which to disregard bacteria that fall below this as 301 
potential contaminants.  Further work could also include taking a urethral swab for 302 

comparison to the urine sample to identify with greater clarity what most likely resides truly 303 

in the urethra and has simply contaminated the urine sample.  304 

Samples were collected from participants ranging in age from 26 to 90 years of age from both 305 
genders.  Whilst these participants had no lower urinary tract symptoms and no history of 306 
urinary tract infection in the preceding year it is worth noting that the participants were 307 

visiting the hospital as an out-patient for other unspecified treatments and may not therefore 308 
be considered representative of the primary care population.  Samples were also only 309 
included if antibiotics had not been taken for any indication in the preceding month.  310 
However a study by Dethlefesen and Relman (2011) suggests it may take greater than two 311 



months to return to a baseline microbiota or at least an altered stable composition. We also 312 

acknowledge that certain groups, for example the elderly are likely to have had repeated 313 
antibiotic exposure which will result in the possibility of greater dynamic change to the 314 
bladder microbiota in comparison to a different age group. Therefore the comparison of 315 

samples within age groups in a larger study will be essential. 316 

Culture-independent molecular PCR methods were used to analyse all samples which 317 
included 454 pyrosequencing and quantitative PCR, as routine culture methods would not 318 

capture the entire urinary microbiota (Wolfe et al., 2012; Imirzalioglu et al., 2008).  The 319 
sequencing results identified 94 different genera with only 31 likely to be routinely cultivated 320 
by standard culture methods.  The remaining 63 are either not routinely cultivated or would 321 
not be reported individually by routine urine investigations in an NHS microbiology 322 
laboratory (Health Protection Agency, 2012). Therefore there is an important discrepancy 323 

between what is reported by United Kingdom National Health Service microbiology 324 

laboratories and what can actually be detected within urine using molecular methods. 325 

To allow for direct, quantifiable comparisons of the bacterial abundance between each 326 
sample, each sample was measured by qPCR.  This was to determine the number of copies of 327 

16S rRNA gene against a spiked urine sample with a known number of Escherichia coli, also 328 
measured by qPCR to determine the number of copies of the 16S rRNA gene. We 329 
acknowledge this method has limitations, for example the assumption that all bacteria have 330 
the same copy number for the 16S rRNA gene leading to an over- or under-estimation for 331 

many bacteria. It does, however, allow us to directly compare the abundance of the different 332 
genera between samples and give us an indication at the very least of the number of colony 333 

forming units per ml of urine of bacteria.   334 

In agreement with Fouts et al., (2012), the data presented here concurs that the different sexes 335 

have significantly different genera of bacteria present in their urine, different numbers of 336 
genera and that sequences in the main belong to the phylum Firmicutes for both male and 337 

female samples, as in the study by Siddiqui et al., (2011). The general lack of representatives 338 

from the phyla Actinobacteria and Bacteroidetes in the male samples within this study also 339 

seems typical in comparison to other studies (Nelson et al., 2010; Dong et al., 2011). The 340 
current study also describes the first observation of the genera Soehngenia detected within a 341 

sample originating from a human, in this instance urine, seen in four of the subjects, male 342 
(n=1) and female (n=3).  The fastidious anaerobic bacteria from this genus would not be 343 

detected by standard methods (Parshina et al., 2003). 344 

The correlation of the results of the urinary dipstick as a preliminary indication of bacterial 345 
presence of numbers greater than 1 x 10

5
 cfu/ml has again been questioned within this study.  346 

Semeniuk and Church (1999) reported that approximately 20% of samples by urinary dipstick 347 

analysis would have been sent to the laboratory for microbiology testing and therefore not 348 
screened for bacteriuria.  In this study, eight out of 16 samples could potentially have been 349 
misclassified by urinary dipstick analysis, either being called “negative” when actually  350 
positive on qPCR (n=6), or “positive” when actually negative (n=2). Additionally, by 351 

quantifying the total number of bacteria by qPCR methods, we have shown that the numbers 352 
of bacteria that are routinely cultivated are comparable in amount to the numbers not 353 
routinely cultivated and/ or identified individually. This raises questions on the precision of 354 

methods used in routine microbiological investigation for reporting a total bacterial count.  355 
By inaccurately informing clinicians of the presence/ absence and quantity of bacteria, there 356 

may be serious implications in any treatment plan of patients.   357 



Whilst statistical significance was not achieved, there is marginal evidence that the numbers 358 

of genera decrease with age when individually considered, but that the total number of 359 
bacteria is independent of age.  However the use of relatively small numbers of donors in the 360 
context of many different bacteria being identified, affects the ability of the study to make 361 

definitive conclusions.  362 

It is clear that the bacterial composition in the urine collected within this study is highly 363 
variable regardless of sex or age. This makes it unlikely that a comparable bacterial 364 

community between individuals of the same age or gender exists, just as Siddiqui et al., 365 
(2011) suggest.  Nevertheless, quantifying the samples by qPCR has allowed us directly to 366 
compare one sample to another, and thus group samples together according to their age and 367 
sex for collated comparisons.  Dividing into arbitrary age groups, the data is suggestive of the 368 
existence of a ‘core’ bladder microbiome, with variability in the amount of the ‘core’ bacteria 369 

and flux of other bacteria with ageing, much like the gut microbiome (Arumugam et al., 370 
2011; Jalanka-Tuovinen et al., 2011).  The female samples perhaps best demonstrate this. 371 

Across all three age groups, the female samples have in common 23 genera, the ‘core’ 372 
microbiome, with each age group additionally having their own distinct subset of genera.  373 
There are also a number of genera that occur within two age groups, suggesting a transitional 374 
period may occur. Unfortunately the qPCR method for enumerating/ predicting bacterial 375 

counts was not valid for the samples within the 50 – 69 age group, as the samples were below 376 
the detection limit of the method.  However, it is interesting that the age groups 20 – 49 and 377 

the 70+ have 32 genera in common; 17 were present at greater than 10
3
 ‘E. coli equivalent’ 378 

cfu/ml as determined by qPCR, so highly unlikely to be contaminants.  Six of these genera 379 
were found in higher numbers in the age group 20 -49 than the age group 70+, suggesting 380 

that these bacteria may remain present throughout life, but their quantity could be indicative 381 

of the age group. 382 

Peters and co-workers (2009) have argued a link between earlier episodes of UTI in life, with 383 
the increasing prevalence of such conditions as Interstitial Cystitis (IC) and Painful Bladder 384 

Syndrome (PBS). The data here could support the hypothesis that bladder colonisation with 385 
specific genera in early child/ adulthood (asymptomatic or symptomatic) might influence 386 

propensity to bladder pathology in later life as one factor in the multi-factorial basis of 387 

disease pathogenesis.   388 

For both the male and female samples, the average total number of urinary bacteria measured 389 
by predicting operons/ml decreased with increasing age when considered in groups.  390 

Confirmation of this observation, and mechanisms responsible, would need to be addressed in 391 
a more substantial study but one possible reason is varying bacteria load according to sexual 392 

activity and therefore contamination of the urine from the urethra (Dong et al., 2011). 393 
However, for both the male and female samples within the age group 70+, four different 394 
genera unique to this age category were identified, namely bacteria of the genera Jonquetella, 395 

Parvimonas, Proteiniphilum and Saccharofermentans.  These bacteria are strict anaerobes 396 
and not routinely cultured, suggesting the possibility of specific bacteria more likely affecting 397 

the elderly age-groups but will need to be further explored in a wider study with greater 398 

numbers. 399 

This study provides a catalogue of bacterial DNA identified in voided urine from a small 400 

cross-sectional sample of healthy adults.  It additionally provides data giving an insight into 401 
the possibility of a ‘core’ urinary microbiome, (which may potentially fluctuate in abundance 402 
with age) and provides data consistent with the concept of there being age and sex specific 403 

genera. The microbiological methods in current routine urine assessment are unlikely to 404 



identify many of these bacteria and certainly not accurately able to enumerate them, 405 

necessitating the need for alternative testing systems to be explored in due course.  By 406 
quantifying the MSU sample with qPCR against an enumerated E. coli sample it has been 407 
possible to postulate ‘contaminant’ bacteria as those with very few numbers (< 10

3
 cfu/ml or 408 

< 7 x10
3
 operons/ml ‘E. coli equivalent’).   409 

In conclusion, the discoveries evident in this sample data suggest there will be considerable 410 

scientific interest in a larger, longitudinal study on the urinary microbiome. 411 

412 
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FIGURE LEGENDS 554 

FIGURE 1 ǀ Heatmap showing the relative abundance of the OTUs per sample. The top 555 

panel presents the qPCR values for each sample while the bottom panel shows the 556 
percentage distribution of the OTUs’ phyla for each sample. 557 

FIGURE 2 ǀ Plot of number of genera against age by sex.  558 

FIGURE 3 ǀ Plot of total operons/ml per person (powers of 10 – order of magnitude) for each 559 
genus that is cultivated routinely by standard microbiological testing, and those not 560 
routinely cultivated (including those not individually identified in routine culture). 561 

FIGURE 4 ǀ A plot of the genus specific count (operons/ml) on a logarithmic base ten scale 562 
against age for routinely cultivated and not routinely cultivated bacteria (including those 563 

not individually identified in routine culture). 564 

SUPPLEMENTAL FIGURE 1 ǀ Graphical view of the results of the partitioning around 565 

mediods (PAMK in R) used to determine the number of clusters in the urinary 566 
microbiome datasets. In this instance 2 clusters were identified as being the optimal 567 

solution. 568 



Figure 1.TIF



Figure 2.TIF



Figure 3.TIF



Figure 4.TIF



Figure 5.TIF


