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Evaluation of an automatic platelet counting system
utilizing whole blood
R. M. ROWAN, W. ALLAN, AND R. J. PRESCOTT

From the Department of Haematology, Royal Infirmary, Edinburgh

SYNOPSIS Technicon's newly developed platelet AutoCounter utilizes an electro-optical systemwhich
detects and counts particles by sensing the scattering of light which occurs when blood cells flow
through the illuminated sensing chamber of a micro-optical system. The system utilizes whole blood
collected into EDTA. Blood samples, which can be handled at the rate of 40 per hour, are diluted
with 2M urea which in addition causes lysis of the erythrocytes. The haemolysate thus obtained is
delivered to the particle counter after a two-minute reaction time, the cell count finally being dis-
played on a continuous chart recorder.
An evaluation of this machine has been carried out in the Department of Haematology, the Royal

Infirmary, Edinburgh, on hospital specimens from patients suffering from a wide variety of diseases.
The results of this evaluation are presented. Reproducibility studies indicate a coefficient of
variation of 4% at any platelet level. The percentage drift per sample ranges from + 04 to - 0-4%
of the total count. Carry-over and departures from linearity are statistically significant; however,
the magnitude of these deviations is not sufficient to cause concern in routine use. Acceptable
agreement is noted between machine counts and the counts obtained by technicians using phase-
contrast microscopy with the exception of two anomalous individuals.

Discrepant counts were noted in patients with elevation of the erythrocyte sedimentation rate and
also in patients with disturbance of immunoglobulins. A modification to the sampling probe which
eliminates the former problem is described.
The AutoCounter described in this paper provides a fast, reliable, and accurate service laboratory

platelet counting system.

Morphological and numerical evaluation of formed
blood elements constitutes useful guidance in the
assessment of normal and disturbed haemopoietic
function. Because of increasing interest in auto-
mation of the haematology laboratory there is need
for a parallel increase in cooperation between the
haematologist and the automated instrument
designer in order that each may gain insight into
the other's problems. Already automation procedures
in haematology are well established with respect to
red and white cell counting (Nelson, 1969; Barnard,
Carter, Crosland-Taylor, and Stewart, 1969) but this
satisfactory state does not yet extend to enumeration
of platelets, although the clinical usefulness of
platelet counts is irrefutable.
The accuracy of platelet counting techniques is far

from satisfactory. In 1937 Tocantins evaluated 116
different methods of platelet counting. Since then
Received for publication 8 December 1971.
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modifications have been made to older methods and
additional newer methods have been introduced so
that the number of techniques now available exceeds
160 (Maupin, 1969). This proliferation of methods
proves the inadequacy of available techniques and
also stresses the need for improved systems.

Direct counting methods involve the absolute
enumeration of platelets in a suitable solution and
thus the platelet count is not related to a second
known quantity of formed elements as was the
practice with now discarded indirect methods of
platelet counting. Examples of direct counting
methods in current use include (1) light or phase-
contrast microscopy techniques, (2) electronic
particle counting which detects and counts cells by
sensing a change in the electrical conductivity of a
channel separating two electrolyte solutions when
blood cells flow through this channel, and (3) the
electro-optical method of counting which detects
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and counts cells by sensing the scattering of light
which occurs when blood cells flow through the
illuminated sensing chamber of a micro-optical
system.

These latter techniques have certain inherent
limitations which, depending on the effectiveness of
instrument design, affect the ultimate accuracy and
reproducibility of the blood cell counting system.
Electronic particle counting systems have been
considered in a number of recent reviews (Sipe and
Cronkite, 1962; Eggleton and Sharpe, 1963; Bull,
Schneiderman, and Brecher, 1965). Even by such
sophisticated means, however, platelet counts are
difficult to accomplish reliably. The main problems
encountered include unsatisfactory separation of
red cells from platelet-containing plasma; the
tendency of platelets to aggregate; and the presence
in the diluent of particles which are only little
smaller than platelets and which are not excluded by
the threshold settings employed. Furthermore,
significant errors may arise from the instrument
itself and its calibration.

Fig. 1 The AutoCounter system.

LAMP

Fig. 2 The optical system (by courtesy of the Technicon Corporation).

The purpose of this paper is to present the results
of an evaluation of the Technicon platelet Auto-
Counter carried out in the Department of Haema-
tology, the Royai Infirmary, Edinburgh. The
Technicon system is an electro-optical system
utilizing the light-scattering principle.

The AutoCounter System

The Technicon platelet AutoCounter is fully
automated to quantitate platelets rapidly from whole
blood without prior manipulation. One operator can
handle the analytical train and the system delivers
platelet counts at the rate of 40 per hour.
The five main components of the system are

illustrated in Figure 1. The sampler module consists
of a removable circular tray with spaces for 40
sample containers. The blood samples are held in
uniform suspension by rotating Teflon paddles. A
probe automatically dips into each sample cup and
aspirates 0 4 ml whole blood. A proportioning pump
continuously propels diluting fluids and samples at

FLOW
PASSAGE FLOW

PROJECTION \ CELL
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precisely determined flow rates through a closed
flow system of plastic and glass tubing (manifold), in
which samples and reagents are brought together
under constant physical conditions. The first dilution
in the manifold, as determined by the proportioning
pump and the inside diameter of the manifold, is a
1:21 dilution and the final dilution eventually
delivered for counting is 1:1 500. Following aspi-
ration of each sample, a small bubble of air is
aspirated, followed by wash fluid, followed in turn
by another bubble of air, and then the sequence
repeats itself. The air segments provide an anti-
diffusion barrier between sample and wash fluid and
the next mixed sample.
The cell counter uses an optical system (Fig. 2) to

generate light pulses from platelets passing through
the flow cell. Light from the lamp passes through a
condensing lens, uniformiy illuminating the primary
aperture. The primary aperture has a small rectan-
gular opening in its centre. A projection lens picks
up the light coming through this aperture and forms
a reduced image of the aperture in the centre of the
flow cell. This results in a small, brightly illuminated
view film, sharply defined by the reduced aperture
image and the size of the flow passage in the flow
cell. The light then emerges from the flow cell and is
blocked by a dark field disc which prevents any
direct light from entering the photomultiplier tube.
This is known as a reverse dark field illumination
system.

If a clear liquid passes through the flow cell, the
light rays are blocked by the dark field disc as
described above, and no light energy reaches the
photomultiplier tube; however, if particles, such as
blood cells, are dispersed in the liquid stream, they
are illuminated as they pass through the view volume.

SAMPLE POSITION

Flowcell A

Pumpt To Waste
f3 0000I

Channel B--- 2 From ManifoDd

Rotor

Wash Reagent

When illuminated, the particles become secondary
sources of illumination, scattering light in a forward
direction towards the objective lens. The objective
lens collects this light and focuses it through a small
aperture in front of the photomultiplier tube. The
aperture blocks out stray light, allowing only the
scattered light from the particle to enter the photo-
multiplier tube. Thus, as each particle passes through
the view volume, an electrical pulse is generated.
These pulses can be viewed on an oscilloscope
screen located on the front panel. The light pulses,
once transformed into electrical pulses, are amplified
and counted in an electrical system finally being
displayed on chart paper.

Figure 3 shows the cell counter wash valve. In the
sample position (Fig. 3A) the diluted haemolysate
flows through the flow cell from above downwards.
A rotating valve permits flow of a sodium hydroxide/
tergitol mixture in the reverse direction (Fig. 3B) to
cleanse thoroughly the narrow channel of the flow
cell between each sample.
The diluent, which consists of a two-molar urea

solution, acts in addition as an haemolysing agent
while preserving platelets and leucocytes. Accord-
ingly the total leucocyte count must be subtracted
from the machine result before issuing a platelet
count.
A standard is provided by the Technicon Company

which consists of preserved human platelets sus-
pended in plasma. Initially both normal and low
range standards were recommended but calibration
of the AutoCounter on a single standard of concen-
tration approximately 300 000 platelets/c mm has
proved completely satisfactory.

Using materials recommended by the instrument
manufacturers each platelet count costs 3-6p (July

Wash Reagent
Fig. 3 The cell counter wash valve (by courtesy of the Technicon Corporation).
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1971). This figure does not take into account the
purchase or depreciation of the machine, nor does it
include servicing costs.

Materials and Methods

The haematology laboratory of a large teaching
hospital was the site of this evaluation, specimens
coming from patients with a wide variety of diseases.

Blood was withdrawn into dry plastic syringes
using a 21 G needle taking care that the venepuncture
was a clean one and that the blood flowed into the
syringe spontaneously without frothing. The needle
was then detached from the syringe and the requisite
amount of blood delivered without frothing into an
appropriate vessel containing dipotassium EDTA
giving a final EDTA/blood concentration of 1 mg/
ml. Blood and anticoagulant were gently mixed
without delay. All samples were processed within
two hours.
The visual direct counting technique using the

formal-citrate red-cell diluent described by Dacie
and Lewis (1970) was used. Platelets were counted
using phase-contrast microscopy. The number of
platelets in a minimum of 4 mm2 on a Neubauer
chamber was counted. Whenever duplicate or
triplicate counts were made, they were true replicates
and performed by different technicians.
The AutoCounter was set up according to the

manufacturer's recommendations. Optical focusing
is critical, but once aligned the system proved to be
stable.

It is important to wash the AutoCounter manifold
thoroughly twice daily using a sodium hydroxide/
tergitol wash solution. The diluent filter (Whatman's
grade 03 filter candle) proved entirely satisfactory
provided it was not permitted to dry out when urea
would crystallize. The filter requires changing when
insufficient diluent is being drawn through the
system. Such an occurrence should be considered
when there is any upset in the manifold bubble
pattern.

Results and Discussion

REPRODUCIBILITY AND DRIFT
The effect of platelet levels on the reproducibility of
the AutoCounter was examined with a series of
duplicate counts on 112 blood samples which were
obtained over a period of six days. On each day the
procedure was to count the complete batch and then
to re-count the samples. As no adjustments were
made to the AutoCounter in this time, the differences
between pairs of observations on the same sample
were due to the variability of the machine with a
given sample and to drifting of the machine before

resampling. For each day's run the mean propor-
tionate change between pairs of observations on the
same blood was determined and a correction based
on this mean change was applied to the second
reading from each pair. The corrected difference is
plotted against the corrected average in Figure 4. A
linear regression of the difference on the average
gave a small negative intercept on the y axis which
did not differ significantly from zero. Accordingly a
regression through the origin was performed and is
also shown in Figure 4. Thus, over the range
encountered in this series, differences of approxi-
mately 5 % of the average value would be expected in
pairs of observations. Alternatively expressed,
the coefficient of variation at any platelet level is
approximately 4 %.

This experiment also enabled the rate of drift to be
calculated for each day's set of observations, using
the mean proportionate change between counts on
the same blood as the basis for the calculation. The
rates of drift on the six days, expressed as the
percentage drift per sample, were - 0 3 %,-0-1 %,
-0 4%, -0 4%, +0-4%, and 0-0%.
The measure of variability in duplicate counts at

different platelet levels, as described above, is useful
in demonstrating the relationship between repro-
ducibility and platelet level but as an estimate of
reproducibility error in routine use it will probably
give overestimates, since it is based on long periods
of using the machine without readjustment. A smaller
series of six bloods throughout a range of 30 000 to
600 000 platelets which were successively resampled
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Fig. 4 Reproducibility experiment showing the
corrected difference plotted against the corrected average.
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at least 12 times gave standard deviations which
were approximately half the size of those predicted
above (Table I).

Blood No. Platekt Count x 10J mm'

1 35 115 220 315 460 660
2 35 110 225 315 460 650
3 35 115 220 320 460 670
4 30 100 220 310 470 650
5 30 100 225 315 470 645
6 30 105 230 310 465 650
7 30 105 220 305 465 665
8 30 105 230 310 465 660
9 30 105 230 305 470 660
10 30 105 225 305 460 650
11 30 110 235 310 460 650
12 30 105 220 320 460 660

Table I Replicate studies on a series of six bloods
successively resampled 12 times

LINEARITY AND CARRY-OVER
Four hundred ml of whole blood was withdrawn
from a normal blood donor into sequestrene giving
a final concentration of 1 mg/ml. This was subse-
quently manipulated by differential centrifugation
to give platelet-rich plasma to which red blood cells
were then added in sufficient volume to produce a
PCV within normal limits (40%). This manipulated
whole blood sample, which had a final platelet count
of 650 000, was then diluted with normal saline to
give 80%, 60%, 40%, 20%, and 10% dilutions.
Normal saline was used as a zero control. Each of
those seven dilutions was subsequently divided into
seven separate aliquots. The 49 samples thus obtained
were then counted on the AutoCounter. The order of
presentation was carefully controlled to ensure that
the seven samples at each dilution were immediately
preceded by one sample at each of the seven dilutions.
When examining the results it was clear that the

machine had drifted, and a correction was applied
assuming a constant proportional drift throughout
the duration of the experiment. The size of this drift
was estimated in such a way that the error sum of
squares was minimized in the subsequent analysis,
and the magnitude of the drift was found to be 0I %
per observation.

A further factor influencing the analysis was the
unequal variability at different dilutions. In order to
give an appropriate weight to each reading, the
variance of the observations at each dilution was

calculated and a linear regression of variance on

dilution was performed. The weighting factors in the
following analysis were then taken to be proportional
to the reciprocal of the fitted variances at each
dilution.
The design of the experiment enabled it to be

treated in the first instance as a randomized complete-
block design and an analysis of variance determined
the sums of squares attributable to experimental
error, carry-over, and differing dilutions. The sums

of squares attributable to dilutions were further
subdivided into that due to a linear association
between the count and dilution and that due to
deviations from linearity.

Table II presents the analysis of variance, and it is
seen that both carry-over and departures from
linearity are statistically significant. However, both
of these effects are small and a less detailed experi-
ment would have been unlikely to detect them. If we
assume no carry-over at the 0% dilution, the
observed carry-over at the 100, 80, 60, 40, 20, and
10% dilutions are 2-1, 5 1, 2X4, 4X8, 27, and 2-6 x 103

Blood DilutOn (%'

Fig. 5 Linearity experiment.

Source of Variation df Sums of Squares Mean Square F

Linearity with dilution 1 34754035
Deviations from linearity 5 24724 4945 34-6 (p < < 0001)
Carry-over 6 2103 305 5 2-5 (p < 0-05)
Experimental error' 35 5002 142-9
Total' 47 34785864

Table II Analysis of variance

"The degrees of freedom for these entries have been reduced by 1 from their normal values to allow for the drift correction which has been
applied.
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counts/mm3, respectively. The non-linearity is shown
in Figure 5. It is evident that agreement is good over
the lower part of the range, with a tendency to count
low at high platelet concentrations. The magnitude
of this deviation would not be sufficient, however, to
cause concern in routine use.

AGREEMENT WITH PHASE-CONTRAST COUNTS
Two series of blood were counted by experienced
technicians using the phase-contrast method and
using the automatic counter. The white blood count
was obtained separately using the Coulter model S.
As it was known that AutoCounter results from
patients with myelomatosis may be unreliable
(Widmark and Weschler, 1970), such bloods were
not included in the series. However, patients with
non-paraprotein ESR elevation were included to see
if the high ESR as such was instrumental in causing
the discrepant counts. Figures 6 and 7 show the plot
of the machine count against the combined platelet
and WBC count obtained by technicians. Those
samples with high ESRs (>20 mm) are shown
separately from those with normal ESRs. In both
series a statistical comparison of the linear
regression lines, obtained separately for low and
high ESR bloods (by means of a weighted analysis of
covariance), showed no significant difference in slope,
intercept, or scatter about the fitted regression lines
(p > 0-05). The lines shown in Figs. 6 and 7 give the
best weighted least squares fit, obtained from
pooling all points, irrespective of the ESR.

In both series there is generally reasonable
agreement to the regression line though each series
has one wild point whose distance from the regression
line is greater than that expected by random varia-
tion. There is no apparent common factor between
them, one blood having a high ESR and the other a
normal ESR. As these points differ significantly
from the regression lines and would have had an
undue effect on the remainder of the statistical
analysis, they were not included in the analysis
previously described.

COMPARISON OF LINEARITY WITH AUTO-
COUNTER AND PHASE-CONTRAST METHODS
Three bloods were prepared at differing dilutions
and each sample was counted on the AutoCounter
and by two technicians using the phase-contrast
method. Figure 8 shows the results of the Auto-
Counter and the average of the two technicians. The
individual counts of the two technicians were
generally in extremely close agreement, and never
differed by more than 38 x 103 counts/mm3. The
lines in Fig. 8 show the best fitting line through the
origin for the autocounts. For each blood the
linearity is seen to be good. The manual counts also
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Fig. 8 Experiments comparing linearity with the AutoCounter and the phase-contrast microscopy method.

show reasonable linearity for bloods A and B.
However, for blood C, which was manipulated to
give a particularly high platelet count at 100%
dilution, there is a noticeable non-linearity, taking
the form of a low count at the higher platelet
concentrations.

Discussion

Evaluation of the platelet AutoCounter system has
brought to light certain conditions which sub-
stantially alter the automatic counts. Bloods with a
high ESR produce a peaking phenomenon on the
tracing (Fig. 9) which, although not causing seriously
discrepant results, may in fact lead to difficulty in
reading the result. The only consistent abnormality
in these bloods was marked elevation of fibrinogen
levels. Protein electrophoresis on cellulose acetate
failed to demonstrate any consistent or significant
anomaly. Substitution of patient's plasma with
either physiological saline or ABO compatible
normal plasma removed this 'peaking' phenomenon.
It was concluded that 'peaking' was produced by
sedimentary tailing akin to erythrocyte sedimenta-
tion in the sample as it passed through the diluting
system. This was in fact visible on examination of the
red cells in the sample at various points in the
manifold. In the counting chamber a greater
proportion of particles presented in the last third of
the sample but the increase was not linear and the
problem could not be cured by taking the mean
count. Accordingly a modified sampling probe was
constructed which permitted air segmented sampling

Fig. 9 Peaking phenomenon produced by bloods with a

high ESR.

instead of continuous blood sampling. This removed
the problem of peaking (Figs. 10 and 11).

It has been previously reported by Widmark and
Weschler (1970) that patients with abnormally high
serum proteins, such as paraprotein disturbances
and red cell autoantibody disorders, may cause 'off-
scale' results. This has been our experience in that in
addition to 'peaking', serious discrepancies have
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LI4; e

Fig. 10 Two series of counts. Those counts on the right-
hand side of the illustration show peaking produced by
bloods with a high ESR. The tracings on the left-hand
side show correction of this phenomenon following the
incorporation of air segmented sampling.
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Fig. 11 Counts using the original sampling technique
plotted against those obtained with the modified sampling
technique.

been demonstrated between automatic counts and
visual counts in patients with paraprotein disorders.
In a series of 10 patients with paraprotein dis-
turbances (mainly IgG) six gave an acceptable
correlation between automatic and visual counts,
the remainder giving totally unacceptable results,
the machine results being two to three times higher
than the visual count. One patient with myelo-
matosis and an IgG level of 8 g/100 ml gave counts of
412 000 on the AutoCounter and 208 000 by phase-

contrast methods. On the other hand, a second
patient, also suffering from myelomatosis, with an
IgG content of 9-6 g, gave counts of 62 500 on the
machine and 47 000 by phase-contrast microscopy.
Obviously the degree of variation between counts is
not related to the quantity of immunoglobulin
present. Although the exact cause of this discrepancy
remains conjectural, it is possible that coating of
subthreshold fragments, possibly red cell stroma, by
the abnormal protein may increase the number of
threshold particles presented to the counting cell.
This abnormality is not corrected by the sampling
modification applied to the AutoCounter. Peaks
produced in this situation are often 'off-scale'.
Saline dilution experiments give platelet counts
which are not linear, in contradistinction to true
thrombocytoses. Instances in which such problems
are encountered include any condition with ab-
normally high serum proteins and/or erythrocyte
autoantibodies. Non-linearity of diluted samples
should serve as an indication to check the level of
plasma proteins and to perform a direct antiglobulin
test.

Further problems may arise in situations where
there is a high total white count, numerous nucleated
red cells, Howell-Jolly bodies, or malarial parasites,
all of which provide particles countable by the
system. It should also be remembered that platelet
autoantibodies may produce a low platelet count as
recorded by the counter due to platelet agglutination.
Unfortunately such cases did not arise during the
period of the survey, but it is clear that such con-
ditions can be detected by careful scrutiny of
peripheral blood films.

In conclusion, this fully automated platelet
counting system, although not fully satisfying
stringent conditions of linearity and carry-over,
gives results which are totally acceptable in terms of
service laboratory platelet counting. An important
advantage is that the system processes whole blood
samples without prior manipulation at the rate of 40
samples per hour.

We wish to thank the Technicon Corporation for
providing the AutoCounter on which the evaluation
was carried out. We are grateful to Dr S. H. Davies,
Department of Haematology, the Royal Infirmary,
Edinburgh, for encouragement and advice.
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