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Simplified technique for counting
the number of bacteria in urine

and other fluids
G. E. D. URQUHART and J. C. GOULD From the
Central Microbiology Laboratories, Edinburgh, 4

The reluctance to carry out diagnostic catherization of
the bladder because of the danger of introducing infec-
tion has increased reliance on mid-stream and 'clean
catch' specimens. It must be accepted that such specimens
are contaminated to a greater or lesser degree and the
problem resolves itself into distinguishing between mere
contamination and bacteruria significant of infection.
Several investigators have examined urine quantitatively
and found that contamination rarely exceeds 105/ml. so
that bacterial counts in excess of this are more likely to
be significant (Kass, 1955 and 1956; Sanford, Favour,
Mao, and Harrison, 1956; Macdonald, Levitin, Mallory,
and Kass, 1957; Jackson, Grieble, and Knudsen, 1958;
and Monzon, Ory, Dobson, Carter, and Yow, 1958).
A disadvantage of conventional quantitative techniques

is that they are too time consuming for use in the routine
diagnostic laboratory. Thus to be useful in a busy labor-
atory methods of quantitative culture must be simple,
quick, and of a degree of accuracy sufficient to enable 10-
fold differences in viable count, particularly over the
range 103/ml. to 106/ml., to be detected.
The aim of the present paper is to compare a modifica-

tion of the Miles and Misra method with a standard loop
technique which fulfils the above criteria.

METHODS

The Miles and Misra modified technique was carried out
Received for publication 6 January 1965.
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have found the tile described by Mollison (1961) to be
the most satisfactory; for leucocytes, tissue cells, or
mixed cells we use hollow glass slides.

A MIXER FOR SLIDE CELL AGGLUTINATION
DETAILS OF CONSTRUCTION

The mixer consists of a dural tray mounted on a Tufnell
baseboard. The mechanism is enclosed by a cover piece
of painted sheet steel. The driving mechanism is attached
to the tray centrally and consists of a shaft mounted on
a Rose spherical bearing passing through a universal
jointed centre shaft and connected to a synchronous
motor by a v-pulley.
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on suspensions of the common bacterial urinary patho-
gens, namely, Esch. coli, Streptococcus faecalis (entero-
coccus), a Proteus species, Klebsiella aerogenes, Staphy-
lococcus pyogenes, and a coliform bacillus forming a
small colony, as described in Mackie and McCartney's
'Handbook of bacteriology'. Counts were done on blood
agar with 5% digest broth, with the exception of the
Proteus species which was counted on Oxoid MacConkey
agar. All counts were read after overnight incubation at
370C.
The standard loops were made by using S.W.G. 28

Nichrome wire which was wrapped around a metal bar
of 3 mm. external diameter. The loops were calibrated in
the following manner:

1 The average pick-up volume was determined by
weighing a I-oz. bijou bottle before and after removal of
100 loopfuls of fiuid vertically. This was repeated 10
times with each loop and five more loops made in the
same way were similarly tested.

2 The average delivery volume was calculated by using
a solution of potassium acetate (2g./ml.) instead of water.
Loops were dipped into the solution and discharged on
to small pledgelets of dry sponge on aluminium planch-
ettes which had been previously weighed. These were then
dried overnight over calcium chloride and the weight of
deposited potassium acetate obtained by difference. By
calculation the volume of solution discharged was ob-
tained. Potassium acetate was used because of its high
solubility and low viscosity.
By these methods the average pick-up volume and

delivery volume of the standard loops was found to be
0 0043 ml. ± 0 0009 ml.

Well-dried 3j-in. blood agar plates and Oxoid Mac-
Conkey plates in the case of Proteus were inoculated with
varying concentrations of the above-mentioned organ-
isms in the following manner (Fig. 1).

FIG. 1. Inoculation of
plate. Standard 3 mm.
diameter loop of S. W.G.
28 wire (carries and

XW \\\< delivers 0 0043 ml. ±
00009 ml.); charged and
spread over a sector of
the plate 'W' by 40 to
and fro strokes
(sterilized); drawn four
timesfrom 'W' into '1'
(sterilized); drawn four
times from 'I' into '11'
(sterilized); drawn four
times from '11' into 'III'
(sterilized).

A well of segment length 3 in., comprising 17% of the
total plate area, was marked out using a wooden tem-
plate, and inoculated with one loopful of uncentrifuged,
undiluted urine, the loop being withdrawn from the sam-
ple vertically. The well was stroked until no visible fluid
remained (about 40 times). After sterilization of the loop,
four parallel lines were drawn out from the well and this
procedure was continued until three sets of four lines had
been made round the plate. After ovemight incubation at
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LOG. NUMBER OF ORGANISMS / ml. (VIABLE COUNT)

370C., the distribution of colonies was noted and record-
ed: if organisms were found in the well only, this was
recorded as 'well' and the number of colonies, e.g., W30:
if colonies had extended into area I, this was recorded as
I, and the number of colonies, and so on. Each dilution
of the organism tested was plated out on six plates in this
manner, and each experiment was repeated 16 times for
Streptococcus faecalis, 12 times for Esch. coli, and a
smaller number of times for the other organisms.

RESULTS

The average of the plate counts was plotted against the
corresponding log. viable count determined by the dilu-
tion method. A graph showing the mean for each organ-
ism was drawn. The individual graphs are shown in Fig.
2 over the range 104-106/ml. and without exception show
a straight line relationship between the stroke plate and

TABLE
MEAN PLATE DISTRIBUTION AND RANGE FOR VIABLE COUNTS

OVER THE CRICTICAL DIAGNOSTIC RANGE

Organism Viable Mean
Count Plate
Per Distribu-
ml. tion

Esch. coli

Enterococcus

Staphylococcus pyogenes

Klebsiella aerogenes

Small colony (2mm.) coliform

Proteus on Oxoid MacConkey

104

10'
106

10',

10'

10'

104
105
106

104
105
106

10'
105
106

10'
10'
10'

W32
W72
I32

W"
W90
13'

wit
W56
I24

W37
W74
I30

W28
W44
I40

W30
W76
I20

W2_W20
W47-W65

W100-I48

I

FIG. 2. Graphs showing relationship
between viable count and colony
distribution on plates for a selection
of bacteria.

w

the serial dilution viable count methods. The plate dis-
tributions and standard deviations over the critical diag-
nostic levels are shown in the Table.

DISCUSSION

Several methods of quantitative estimations by plating
with a standard loop have been described (Hoeprich,
1960; Gillespie, Linton, Miller, and Slade, 1960; O'Sul-
livan, Fitzgerald, Meynell, and Malins, 1960; Mou and
Feldman, 1961; Martin and Bookrajian, 1962; Cattell
and Lefford, 1963; Guttmann and Stokes, 1963; Mc-
Geachie and Kennedy, 1963). These methods differ from
our own mainly in the methods of plating and loop size.
Some have the disadvantage that urine dilutions must be
made, have a limited counting range, or that two loops
of different size must be used. The large number of colon-
ies to be counted (> 200) is a disadvantage in the methods
described by Marple (1941) and Turner (1961), whose
surface plate counts do not entail the use of standard
loops. These disadvantages are overcome in our method.
A degree of accuracy of the order of 10-fold, i.e., 1 log,

seems adequate to distinguish between counts over the
critical urinary range 103/ml. to 106/ml. Where counts by
this method fall into the doubtful range 104/ml.-105/ml.,
assessment of a series of samples is always indicated.

This method has been used in the Central Microbio-
logical Laboratories for the past 18 months by junior and
senior technical staff, and the results obtained by this
method have compared favourably with traditional
methods. The slightly lower degree of accuracy is more
than outweighed by the increased speed and simplicity of
this technique, and the rapid reading of plates by refer-
ence to the standard graph (Fig. 2) recommends it for
routine use.
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Identification of barbiturates by
thin-layer chromatography

W. H. C. WALKER1 and J. K. WOOD From the Bio-
chemistry Department, Manchester Royal

Infirmary

Barbiturates can be separated rapidly and easily by
thin-layer chromatography (Sunshine, 1963). Slow,
intermediate, and fast acting barbiturates have respect-
ively low, intermediate, and high Rf values. The inter-
mediate group contains many of the drugs encountered
in cases of overdose and identification of the actual
barbiturate concerned may be impossible because of the
closely similar Rf values of this group.

Jackson (1960) described treatment with hot sulphuric
acid before paper chromatography to distinguish
between barbiturates of similar chromatographic mobility.
The inert nature of the silica gel supporting medium
used in thin-layer separations enables this acid treatment
to be carried out directly on the plate with consequent
convenience and saving of time.

METHOD

Chromatography is carried out by the method of
Sunshine (1963), using 10 x 20 cm. glass plates (24 oz.
glass) coated with a 250. layer of silica gel G (Merck).
The developing solvent is chloroform-acetone (9:1).
The tank should be the smallest that will accommodate
the plate since failure to saturate the vapour phase
results in high Rf values and poor separation.

STANDARD SOLUTIONS Stock 1 % standard solutions are
prepared in chloroform and keep at least three months
at 5°C. A composite standard containing phenobarbitone,
butobarbitone, pentobarbitone, quinalbarbitone, and
hexobarbitone each at a concentration of 0-1 % is
prepared by pooling 1 volume of each of the stock
standards, evaporating to dryness and dissolving the
residue in 10 volumes of 80% ethanol.

'Present address: Department of Pathology, Bristol Royal Infirmary.
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TEST SAMPLE The concentration of barbiturate in the
biological fluid is determined by the method of
Broughton (1956). The two alkaline extracts are then
pooled, acidified with N hydrochloric acid, and the
barbiturate extracted into about 5 ml. chloroform. The
aqueous layer is removed and the chloroform filtered
into a dry evaporating dish. The chloroform is evaporated
under a current of warm air and the residue dissolved in
0-2 ml. 80% ethanol. If x ml. of the original fluid
containing y mg. barbiturate/I00 ml. was taken for the

quantitative estimation, then -,ul. of the ethanolic
xy

solution will contain theoretically 5 ,ug. barbiturate.
There are small losses in the extraction procedure but
this volume contains sufficient barbiturate to reveal minor
components and not enough to overload the chromato-
gram. Two '5 pg.' samples are applied to the plate as
small spots 3 cm. apart and 2 cm. from the bottom edge
of the plate. Alternating with these are placed three 2 1ul.
spots of the composite standard containing 2 jig. of each
of the standards.

ACID TREATMENT The plate is placed in a hot air oven
at 135°C. for 10 min., removed while a spot of
concentrated sulphuric acid is dropped over one of the
two sample spots, and replaced in the oven for a further
five minutes. These times are not critical; the reaction
goes to completion within one minute at 135°C. although
application of acid to the cold plate with subsequent
heating produces incomplete and variable reactions even
after one hour at 150°C. The plate is removed from the
oven for application of acid so that the amount delivered
from a fine glass capillary can be carefully regulated to
be only just sufficient to covet the sample spot. Excess
of acid leads to local deformation of the solvent front
and retardation of the solute.

DEVELOPMENT At the end of the five-minute period the
plate is removed from the oven, allowed to cool for
five minutes and placed in the developing tank. After
90 minutes the solvent front has risen about 15 cm. and
the plate is removed and dried under a current of warm
air.

DETECTION The Shandon Laboratory spray gun is very
suitable for spraying reagents. The metal nozzle soon
disintegrates due to amalgam formation and is best
replaced by a length of capillary bore glass tubing whose
upper end is ground to a conical profile.
The plate is sprayed first with mercuric sulphate

solution (5% mercuric sulphate in 20% v/v sulphuric
acid; 1 part diluted with 1 part water just before use)
which shows some barbiturates as white spots against
a grey background. Furthet spraying with diphenyl-
carbazone solution (freshly prepared 10 mg./100 ml.
acetone) results in a uniform violet background which
rapidly fades to reveal barbiturates as blue or violet
spots. Some non-barbiturates in biological extracts give
violet spots which are well away from the standards
and soon fade.
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