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A simple artificial urine for the growth of urinary pathogens
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T. BROOKS AND C.W. KEEVIL. 1997. A simple artificial urine medium (AUM) has been
developed which provides conditions similar to that found in human urine. AUM
solidified with agar enabled the recovery of a wide range of urease-positive and -negative
urinary pathogens. Liquid AUM supported growth at concentrations of up to 108

cfu ml−1, as found in normal urine. Reproducible, steady-state growth also occurred
over many generations in continuous culture. AUM was capable of forming crystals and
encrustations resembling those found in natural urinary tract infections. The medium
is a suitable replacement for normal urine for use in a wide range of experiments
modelling the growth and attachment of urinary pathogens in the clinical environment.

INTRODUCTION medium (AUM) for use in continuous culture to ensure
reproducibility of results and reliability of supply.

Urinary tract infections are very common in medical practice,
and account for the greater part of nosocomial infections in

MATERIALS AND METHODShospitals. Infections associated with urinary catheters are
frequent, and are often difficult to eradicate. Human urine is

Urine mediuman excellent culture medium, and supports bacterial growth
up to about 1×108 cfu ml−1. The commonest pathogens The urine medium is based on the analyses of constituents
are the coliform organisms, especially Escherichia coli and of human urine given to Altman (1961). As far as possible,
Klebsiella spp. (Asscher et al. 1968 ; McLean et al. 1988). the mid-point values of the ranges given for each component
About 30% of infections are caused by Gram-positive have been used in the formulation of AUM. The molar
bacteria, including Staphylococcus epidermidis and Staph. sap- concentration of chlorine is a little high, and that of urea a
rophyticus, and the enterococci. Infections caused by Proteus little low, corresponding to a dilute urine. A daily urine
spp. and Pseudomonas spp. account for most of the remainder. volume of 2 l was assumed. The gravimetric and physiological

Urine is a variable fluid, both between individuals and in formulae of AUM are given in Table 1. Bacteriological pep-
the same individual over time (Altman 1961). It is more tone was used in preference to the addition of individual
concentrated in the morning, and is affected by fluid intake, amino acids for simplicity, as it contains a mixture of amino
exercise, ambient temperature and diet. The pH can vary in acids and short chain peptides. Yeast extract was included to
the range 4·5–8 and the concentration of solute over a range account for the very small amounts of nucleic acids found in
of 4–5 times the average figures (Guyton 1981). For exper- urine, and for trace elements. The first trials were carried out
imental purposes, urine can be collected from several indi- with AUM at pH 7·2, but some trouble was experienced with
viduals and pooled, but it will still vary significantly from precipitation as the temperature was increased to 37°C, and
batch to batch. Urine is produced in humans at about 1 ml later batches were made up to pH 6·5 by the addition of
min−1, so in any experiment in which this rate is reproduced hydrochloric acid, just as happens physiologically in the
over an extended period, considerable quantities are required. kidney. AUM was sterilized by passing through a 0·2 mm
To investigate the specific growth requirements of urinary nylon membrane filter, since autoclaving caused precipi-
pathogens we decided to produce a stable artificial urine tation.

Micro-organisms and cultureCorrespondence to : Dr C. William Keevil, Centre for Applied Microbiology
and Research, Porton Down, Salisbury, Wiltshire SP4 0JG, UK.

The medium was tested for its ability to support growth of1Present address : Chemical and Biological Defence Establishment, Porton
Down, Salisbury SP4 0JG, UK. the type strains of Staph. epidermidis (NCTC 11047), Esch-

© 1997 The Society for Applied Bacteriology

 1472765x, 1997, 3, D
ow

nloaded from
 https://am

i-journals.onlinelibrary.w
iley.com

/doi/10.1046/j.1472-765X
.1997.00378.x by T

est, W
iley O

nline L
ibrary on [01/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



204 T. BROOKS AND C.W. KEEVIL

Table 1 Composition of AUM—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Component Quantity (g) Concentration (mmol l−1)
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Peptone L37 1
Yeast extract 0·005
Lactic acid 0·1 1·1
Citric acid 0·4 2
Sodium bicarbonate 2·1 25
Urea 10 170
Uric acid 0·07 0·4
Creatinine 0·8 7
Calcium chloride.2H2O 0·37 2·5
Sodium chloride 5·2 90
Iron II sulphate.7H2O 0·0012 0·005
Magnesium sulphate.7H2O 0·49 2
Sodium sulphate.10H2O 3·2 10
Potassium dihydrogen phosphate 0·95 7
Di-potassium hydrogen phosphate 1·2 7
Ammonium chloride 1·3 25
Distilled water to 1 l
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Peptone and yeast extract were obtained from Unipath, Basingstoke and all other reagents
were of Analar quality and obtained from Merck, Poole, UK.

erichia coli (NCTC 9001) and Pseudomonas aeruginosa (NCTC tinuous culture of Staph. epidermidis was sampled aseptically
from the base of the chemostat vessel for analysis.10332), as well as a clinical isolate of Proteus mirabilis. They

were inoculated into 20 ml of AUM and the increase in
turbidity of the static batch cultures was observed over 24 h

Chemical analysis
incubation at 37°C. AUM was also solidified by the addition
of 1% (w/v) agar (Oxoid) and compared with the routinely Samples of the sterile AUM, culture supernates and chemo-

stat precipitates were analysed with an RA-XT (Technicon,used Direct Sensitivity Testing (DST) Agar and CLED Agar
for the ability to support the recovery and growth of patho- Basingstoke) clinical chemistry instrument to detect urea,

urate, creatinine, chloride, bicarbonate, calcium, sodiumgens. These consisted of a series of 204 routine urine speci-
mens received in clinical laboratories from general practice and potassium. Citrate and lactate were determined using a

4000I ion chromatograph (Dionex, Camberley). Metal ionsand hospital patients. Each sample was cultured on receipt at
the clinical laboratory on CLED, DST and AUM agar media were determined by flame atomic absorption spectrometry

using a PU-9100 spectrophotometer (Philips, Cambridge) ;at 37°C for 16 h and the results compared. Organisms were
identified by routine clinical laboratory methods involving iron was detected with an electrothermal ionizer attached to

the PU-9100 spectrophotometer. Phosphate concentrationscolonial and cell morphology, Gram stain, oxidase and cat-
alase activity, and indole production. Enterococci were dis- were determined by the Molybdenum Blue method (Vogel

1983) and ammonium ion concentration by the method oftinguished by their ability to hydrolyse aesculin, and
staphylococci by coagulase production and novobiocin sen- Gordon et al. (1978). The amino acid composition was deter-

mined before and after enzymatic digestion of the short-chainsitivity. In further studies to assess the suitability of AUM as
a growth medium the urine was used for continuous culture peptides by incubating with trypsin (20 mg for each 1 mg

peptide) in 50 mmol l−1 ammonium bicarbonate buffer pHat a dilution rate of 0·1 h−1 (equivalent to a mean generation
time of 6·9 h), as described previously (Keevil et al. 1989). 7·8 for 4 h at 37°C. The reaction was stopped by addition of

0·1% (w/v) trifluoroacetic acid. Analysis was performedThe concentration of organisms in the steady-state was mea-
sured in duplicate at regular intervals by the plate dilution using a 4400 dedicated amino acid analyser (LKB, Cam-

bridge) ; this was comprised of a lithium cation exchangemethod and growth at 37°C on the various agar media
described previously. A precipitate which formed during con- system with post column reaction with ninhydrin and detec-

© 1997 The Society for Applied Bacteriology, Letters in Applied Microbiology 24, 203–206
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A SIMPLE ARTIFICIAL URINE MEDIUM 205

tion at 440 nm and 570 nm linked to an integrator (Philips, centrations measured by chromatography, before and after
hydrolysis to break down peptides. The principal sources ofCambridge). Calibration was carried out before each run

using mixed physiological fluids standards which, together nitrogen were urea and ammonia, and incorporation of a low
concentration of peptone provided amino acids and shortwith the other reagents, were obtained from Sigma (Poole).
peptides for microbial metabolism. Lysine, leucine, arginine
and glycine were the main amino acids before hydrolysisRESULTS
but peptide breakdown released significant concentrations

Careful manipulation of the individual components was of aspartate, threonine, glutamate, proline, glycine, alanine,
required to produce a balanced electrolyte medium typical of valine and phenylalanine. The main sources of carbon were
that found in normal human urine (Table 1). The pH was the amino acids, lactate and citrate.
6·5, which is in the median physiological range, and the AUM was found to support growth of the majority of
composition described proved stable over many days storage. urinary pathogens. In initial studies every strain from a range
The measured concentrations of electrolytes are shown in of Gram-positive and -negative organisms that grew on rou-
Table 2 describing typical results for amino acid con- tine agar media (DST agar and CLED) from a primary urine

specimen also grew on the AUM agar direct from the original
specimen (Table 3). The exceptions were lactobacilli and
Candida spp. : of 204 urine specimens examined, 100 wereTable 2 Typical analysis results
considered to be infected according to growth on DST agar,—–––––––––––––––––––––––––––––––––––––––––––––––––––––
compared to 98 on AUM agar. The AUM liquid mediumConcentration (mmol l−1)

—––––––––––––––––––––––––––––––––––––– supported growth of approximately 1×108 cfu ml−1 of Staph.
Component Untreated After trypsin hydrolysis epidermidis, Ps. aeruginosa or Pr. mirabilis when used in static
—––––––––––––––––––––––––––––––––––––––––––––––––––––– batch culture, as found for growth in normal human urine
Sodium 150 (Asscher et al. 1968).
Potassium 24 Similar cell densities were observed for prolonged con-
Urea 180 tinuous culture of these pathogens at a dilution rate of 0·1
Creatinine 5·3

h−1 and a temperature of 37°C. Each culture was run repro-Phosphate 11·6
ducibly in excess of 100 generations without changes in cellCalcium 2
morphology or biomass formation. During continuous cul-Urate 0·3
ture of the three species, the pH rose to above 8 and theIron 0·007
cultures were maintained automatically at pH 6·5 by additionLactate 0·9

Ammonia 20·3 of 1 mol l−1 hydrochloric acid (typically 1 ml h−1). A pre-
Citric acid 0·98 cipitate formed during continuous culture of Staph. epider-
Aspartic acid — 1·5 midis. This was dissolved in HCl and found to contain 20%
Threonine — 0·12 (w/v) calcium and phosphate. It formed birefringent crystals
Serine 0·02 0·027 and resembled the carbonate-apatite (Ca10(PO4)6CO3) crystals
Glutamic acid 0·01 0·69 seen in urine. Similar crystals were noted when culturing
Proline 0·02 0·93

Ps. aeruginosa but crystals of different appearance, probablyGlycine 0·09 1·44
struvite (MgNH4PO4.6H2O), were seen with Pr. mirabilis.Alanine 0·05 0·63

Valine — 0·21
Cystine — *— DISCUSSION
Methionine 0·03 *—
Isoleucine 0·02 0·012 The medium which has been developed corresponds to the
Leucine 0·1 0·21 median values for electrolytes found in a dilute human urine,
Tyrosine 0·03 *— and is correct in supplying low concentrations of amino acids
Phenylalanine 0·04 0·14 and short peptides with no detectable whole protein. Normal
Ornithine — * human urine does not contain glucose (Guyton 1981), and
Lysine 0·24 0·26 the main carbon sources in this medium are the amino acids,
Histidine — 0·05

lactate and citrate. Urease-producing organisms can also con-Arginine 0·11 0·28
vert the urea to ammonia. Thus, the general effect of metab-—–––––––––––––––––––––––––––––––––––––––––––––––––––––
olism is to cause a rise in pH, which may also limit growth.—, Denotes below detection limit of 0·005 mmol l−1.
Dissolved Mg2¦ and Ca2¦ in urine precipitate as struvite and* Denotes not done (affected by hydrolysis procedure).
carbonate-apatite, respectively, at alkaline pH. The resultingChemical analyses and trypsin hydrolysis were performed as

described in the Methods. formation of calculi is a common complication of urinary

© 1997 The Society for Applied Bacteriology, Letters in Applied Microbiology 24, 203–206
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206 T. BROOKS AND C.W. KEEVIL

Table 3 Comparison of CLED and
AUM agar media to recover micro-
organisms from 204 clinical
specimens

—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Number of
Growth on CLED Growth on urine agar specimens
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Escherichia coli Escherichia coli 16
Other coliform Other coliform 3
Enterococci Enterococci 2
Staphylococcus epidermidis Staphylococcus epidermidis 3
Proteus sp. Proteus sp. 1
Staphylococcus saprophyticus Staphylococcus saprophyticus 1
Lactobacilli No growth 1
Candida spp. No growth 1
Heavy contaminants (×105) Heavy contaminants 13
Light contaminants (³105) Light contaminants 34
Light contaminants No growth 25
No growth No growth 104
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Organisms were cultured directly from patient samples and identified as described in the
Methods.

tract infection. Struvite formation is particularly linked with REFERENCES
ureolytic Pr. mirabilis infection, with urease (EC 3.5.1.5)

Altman, P.L. (1961) Physical properties and chemical compositionproviding an essential virulence factor for calculus formation
of urine : mammals. Part 1 : Man. In Blood and Other Body Fluids

(McLean et al. 1988). However, the polysaccharide capsule ed. Dittmer, D.L., pp. 363–369. Washington, DC : Federation of
of this pathogen also enhances struvite crystallization and American Societies for Experimental Biology.
growth in the absence of significant alkalization of the urine Asscher, A.W., Sussman, M. and Weisser, R. (1968) Bacterial
(Dumanski et al. 1994). Carbonate–apatite and struvite-like growth in human urine. In Urinary Tract Infection ed. O’Grady,
crystals were also observed in the current study in the artificial F. and Brumfitt, W., pp. 3–13. London : Oxford University Press.
urine described. Crystal formation is often seen in the urine Cox, A.J., Hukins, D.W. and Sutton, T.M. (1989) Infection of
in association with bacterial growth on surfaces, and the effect catheterized patients ; bacterial colonization of encrusted Foley
is similar to the encrustation seen on urinary catheters (Cox catheters shown by scanning electron microscopy. Urological

Research 17, 349–352.et al. 1989). From this, we conclude that the medium provides
Dumanski, A.J., Hedelin, H., Edin-Liljegren, A., Beauchemin, D.a good model for the growth of urinary pathogens and the

and McLean, R.J.C. (1994) Urine ability of the Proteus mirabilisencrustation with which they are often associated.
capsule to enhance mineral growth in infectious urinary calculi.Asscher et al. (1968) suggest that glucose is necessary for
Infection and Immunity 62, 2998–3003.full growth of urinary pathogens but this has not been the

Gordon, S.A., Fleck, A. and Bell, J. (1978) Optimal conditions forexperience of these authors, except perhaps for lactobacilli
the estimation of ammonium by the Bethelot reaction. Annals ofand Candida spp. The reduction in numbers of contaminants
Clinical Chemistry 15, 270–275.seen may also relate to the lack of sugar in the urine medium.

Guyton, A.C. (1981) Textbook of Medical Physiology, p. 457. Phila-Human urine does not normally contain glucose on dipstick
delphia : W.B. Saunders.

testing, and levels in the urine would be very low if the
Keevil, C.W., Davies, D.B., Spillane, B.J. and Mahenthiralingham,

renal threshold is not exceeded, as is usual in non-diabetic E. (1989) Influence of iron-limited and replete continuous culture
individuals. If glucose were necessary for a particular experi- on the physiology and virulence of Neisseria gonorrhoeae. Journal
ment, it could easily be added to the formula. of General Microbiology 135, 851–863.

In conclusion, a balanced medium capable of supporting a McLean, R.J.C., Nickel, J.C., Chen, K.-J. and Costerton, J.W.
wide range of urinary pathogens in near-physiological con- (1988) The ecology and pathogenicity of urease-producing bac-
ditions has been developed. The medium is cheap and simple teria in the urinary tract. Critical Reviews in Microbiology 16, 37–
to make, and has been used for several years in the authors’ 79.
laboratory as the basis for continuous culture models of uri- Vogel, A. (1983) Textbook of Quantitative Inorganic Analysis, 4th

edn. London : Longman.nary infection.
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