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Reference metbods and materials for count-
ing by Instruments using aperture imped-
ancc pulse counting (Coulter principle)

/. G. Harfteld

Coulter Electronics Ltd., England
Northwell Drive, Luton, Beds LU3 3RH

Introduction

Demonstration of valid analytical measurements
(VAM) recjuires reference materials, preferably certi-
fied, whose assigried values are traceable to interna-
tional Standards of length or mass.

There are two basic VAM methods. One is to deter-
mirie a quantity absolutely by means of an accepted
procedure in which the errors have beeri well defined
and qnaritified. In this case the reference materials
are those providing traceability of the procedural com-
ponents, eg. certified balance weights.

The other is to run a siinultaneous cornparison of
the unknowii sample with a calibrator. Few devices
other than eg. a chemical balance, truly compare two
thirigs simultaneously, but for the rnajority of stable
analytical tecliniques tlie meanirig has beeri stretched
to mean "close together in time". Most haematological
Instruments are comparitors falling into this category.
Altliough tliere are now established reference materi-
als and techniques for particle and cell sizing, there
are äs yet none, other thari counting by eye. by which
values of niimber can be certified.

One reference material exists, NIST SRM 1003 glass
ballotin [4], with riumber versus size distribution certi-
fied by counting and siziiig under the microscope by an
inteniationally accepted body. Only the relative number
distribution is given however, the number of beads per
gramme of SRM must be cornputed from tlie (uncertified)
relative density for tlie glass ballotini. It is also weh1 known
that such counts, beirig very low, have intrinsically poor
precision, making them unsuited for tlie riumber cali-
bration of count comparison instruinents whose results
may be several Orders of magnitude higher.

Because of this lack of primaiy references, niaim-
facturers of comparitor Instruments usually provide
alternative blood based reference materials commer-
cially. Even here. ho'wever, apparently only two hae-
matology products claim to be calibrators. ie. to be
assayed by traceable techniques, Coulter Seal and
Streck Corporation's Cal-Chex.

Latex suspensions are obtainable commercially,
with extremely narrow particle size distributions ei-
ther äs single populations (Fig. 1) ormixtures of these,
eg. Accubeads from the Fastecs division of Kodak.
Mixtures of different bead sizes may cover a ver)7 wide
overall size rarige (Fig. 2). Normally, only approxi-
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Fig. 1. Micrograph of a single population of latex beads
with an extremely small c.v. (Fastec 2.5 prn Accubeads
at2500x)
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Fig. 2. A mixture of six latex bead populations each
with a small c.v. The relative proportions of each com-
ponent may be given, but the absolute concentration
is unknown

rnate concentrations of particles are quoted for these.
Like the SRM 1003 assay3, relative proportions are
given rather than absolute counts.

Coulter SpheriCal and Becton Dickinsoii Cor-
poration's FäcsCount both have accurate partide con-
centration values assigned for use äs cytofuorometer
calibrators.

Definitions: The.temis accuracy, uncertainty, etc..,
used here are based on the definitions given by Brit-
ish Standards [1] and ISO [2, 3].

Coulter. SpheriCal. Isoton II and Isoton III are trade-
marks of Coulter Corporation worldwide. Trademarks
of other companies are acknowledged.

Latex susperisions are notoriously difficult to keep
stable. Aggregation can cause irreversible loss of counts

with tinie and, iinlike blood samples with an exten-
sive background of investigatiori into Optimum stor-
age conditions, little is known about liow to stabil ise
latexes äs concentration calibrators. A BCR pro-
grainnie to produce courit Standards proposes dispor-
sion of „monosized" latexes in a p rotein rnatrix fol-
lowed by freeze drying to achieve long tonn stabil i ty.

Two other factors liinit the use of non-blood based
courit calibrators to essentially noii-haeinatological
Instruments such äs cytofluorometers, one beirig the
impoitance of matrix effects, the other the relative
cost. Most automated hacinatological Instruments have
sampliiig Systems that are specifically desigried to as-
pirate and dilute blood specimens. Presenred with a
non-blood based product, they may well make final
analytical susperisions that are incorrect.

These effects are so important that they canuot be
ignored even for blood based calibrators. The proce-
dure showri schematically in Figure 3 illustratcs how
the problem can be avoided by performing whole blood
calibrations on a -coinparitor instriirnent, using
tliese to calibrate a comparitor instrument, then as-
signirig values to refererice rnaterials ori the comparitor.
For Coulter Seal, in fact, assays are also carried out
on both types of instrument; they are not expected to
differ by more than the allowed tolerance for the as-
say value.

One potentially attractive alternative tcchnique, not
yet fully investigated experimentally, is the validatiori

CftLIBRftTE ALL EBÜIPMEHT

BTATENENT OF UHCERTAINTV
IN S-CAL ASSAV

Fig. 3. Schematic representation of whole blood cali-
bration for assigning reference values to SCAL blood
based calibrator. This scheme takes into accpunt any
matrix effects and conforms to ICSH calibration pro-
tocol
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of counfs of a Suspension of ultra-riarrow (coefficieut
of Variation < 1 %) lalnx beads with knowri inass cori-
oeniralion. Tho llicoroliral inass of a single bead is
deterniined by ailculaiion froni its indcpendently cer-
tified diamctcr and ihc prcciscly known material rela-
t.ive dcnsity. The arcuraey with whirh a ruimber ran
l u* assigrtc.d l Ins way is always limited to approximaf nly
ihm! tiiiics t ha of t h r. diamator, eg. if a bead diam-
elcr is oniy known (o l %, its inass oannol bc assigncd
to bctter ihan = 3 %.

There. liavo l)een several proposals [5-7] für directly
assigm'tig instriinirnt assays to cell basod calibrators.
The proposed BCR counl Standards, ineritioned abovc,
also involved assays by particle counl er, but the toler-
unres quoted for tlie r.ertified values were more than
wido enough to enable non-comparitor Instruments
u> b« regardcd äs accurate devices in their own right.

Evaluation of uncertainry

An clectronic. counter tliat is not a comparitor can be
used äs a count assaying device by determining its
CITO r budget and qiialifying thc assigned value by tlie
total iiiiccriainty associated with tlie measurement [3,8J-Ideally a reference material to be assayed from first
principles should be a pure particle Suspension. Real
samples can theri be "spiked" with an accurately
known amount of tlie reference for use in coinparitor
Instruments. This techriique is widely used in other
disciplines such äs chromatography to provide iiiter-
rial standardisatiori arid is tlie inetJiod of use for Coul-
ter SpheriCal.

Directly assigned counts:
Erythrocytes, leucocytes and latexes

Erythrocyte and leucocyte whole blood reference as-
says can usually be achieved directly from first priri-
ciples because tlie high relative concentration of the
fonner minimises the interference from other cell
populations, and the latter are well differeritiated by
being nucleated. Strictly speaking, reference values
for erythrocytes would be more accurately measured
by removing all interfering cells, eg. by passing the
source sample through leucocyte arid platelet remov-
ing filters, provided this did not cause other problems.
In practice, pre-analysis of all source material is es-
sential to erisure suitability for both blood based arid
latex calibrators.

Indirectly assigned counts: "Spiking"

Directly counted assays of overlapping cell populations
are harder to obtain than single particle populations.
One deconvolution technique Oütains counts not by
discrimiriatiori between size limits, but. by curve fit-
Lab. med. 19:191 -201 (1995)

ting to partial size distribution data, thcn calculating
thc area under the entire fitted curve. This technique
is used in Coulter automated haematology instniments
for platelet counting because it caters for wide
thrornbocyte slzc distributioris and ensures close agree-
ment between the ctirrent reference method (phase
contrast microscopy) arid instrument results.

Orice a Suspension of particles has beeri assayed, it
can be added in accurately knowri amounts to ana-
lytical samples so äs to provide an internal concentra-
tiori reference for each one. For example, an ICSH
proposed instrument based reference technique de-
termines platelet counts by the ratio of their counts
between specified size limits to the RBC values in the
same samples using a comparitor instrument. Tlie
erythrocyte population in this case represents the in-
ternal quantity marker. Platelets outside the limits are
excluded. The RBC count is determined elsewhere.

An alternative, potentially more accurate, calibra-
tion techriique after Anderson [9]. uses platelets sepa-
rated Irom whole blood äs the "spike". Concentration
is determined äs a solitary population by direct count-
ing iri a non-comparitor Instrument between reference
sizes. This count can, if necessary, be linked to be fit-
ted curve method by comparing it with the area un-
der the curve bounded by the same size limits (Fig. 4).
Whole blood is counted on the instrument to be cali-
brated, firstly before the platelet concentrate is added
quarititatively, then after.

The platelet calibratiori factor, f. for a cornparator
instrument (CI) is given by

4.0 8.0 12.0 14.0 20.0 24.0 28.0 32.0 36.0
channel size. fl

Fig. 4. Method for cross referencing platelet counts
between size limits to fitted curve results. Once plate-
let-rich plasma has been counted, it can be used to
"spike" (add volumetrically to) samples äs an internal
count Standard for analysis in comparitor Instruments
that integrate platelet curves to arrive at platelet con-
centration. Once calibrated, such Instruments can then
assign values to calibrators
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(a) (b) (d)
P3-(P2(v/(v + V))

Where
P1 = Platelet rieh plasma (PRP) reference count
P2 = Whole blood platelet count froni CI
P3 = Spiked sample platelet count from CI
V' = Volume of PRP used
v = Volume of blood used

Spiking also allows quantitation of specific types of
cells (eg. CD4 + lymphocyt.es) in flow cytometry. Coul-
ter SpheriCal latex particles with known concentra-
tion are added quantitatively to the sample before
aspiration üito the flow cytometer. Because cytometers
usually use more 'than one parameter to distinguish
between cell types, complete Separation of cell
populations from latex does not preserit any undue
difficulty.

Comits of cells are tlien computed in the same way
äs platelets, above, but subslituting latex concentra-
tions for P1, P2, P3. The uncertainty in this kirid of
enumeration has not yet been evaluated. One poteri-
tial source of error that must be guarded against is
that tlie reference count may be of all particles of a
certain sized population, but a flow cytometer inay
be set to respond to some other characteristic of that
same population and give a different count.

For example, in a population of fluorescent
monosized latex particles, there may be a distribution
of fluorescent moiety within that population or a por-
tion of the beads may not fluorescense at all. Count-
ing all particles in the sample may give a mislead-
ingly high value for the expected respoiise in the
cytofluorometer. It is essential that, just äs with pure
count references, the source material be pre-analysed
both äs a pure population, and added to a typical
sample matrix, to determine the degress of agreement
between parameter counts.

Breaking down an analysis, shown schematically
in Figure 5, into components and assessing these for
sources of error, we can üy to compensate for System -
atic errors and to minimise random errpr at each stage.
This keeps the total uncertainty äs small äs possible.

Many of the requirements given here are also fac-
tors that should be corisidered when using count cori-
trol material particularly the effect of matrix effects
on sampling, and losses due.to sample vial wall adhe-
sion and settling.

My proposals here deviate in some respects from
the current ICSH draft reference (Draft 4, Jan. 1993).

Source material

We select only whole blood samples having 110 abnor-
mal properties that will iriterfere with-accurate count-
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Fig. 5. Schematic representation of count analysis.
Treating analysis äs a sequence of modules allows
close inspectipn and auditing of sources of uncertainty.
Only systematic error of known dimension can be com-
pensated for

ing, and latex beads that have a single, monodisperse,
population.

Dilution

We use bulk dilutions (eg. for RBC, l ml in 500 ml
theri l ml in 100 ml to achieve a required 1:50,000
final dilution). Pipettes, preferably Kirk pattern, modi-
fied to be usable with a pipette filier, are calibrated by
analytical balance to contalri. Flasks are certified. Pi-
pettes are always used by wäshirig their contents out.
With Kirk pipettes it is possible to achieve an accii-
racy compared to gravimetry of ± 0.4 %. A very care-
ful technique is needed to erisure that no undue stress
is applied to erythrocytes during aspiration and dilu-
tion.

Beakers

We have found that analysis of cell and particle sus-
pensions is best made in acid washed glass beakers
with gentle agitation. Lack of stirring appears to be
the major cause of decrease in latex and cell counts
over time, Figures 6a and 6b, though the presence of
certain plastics seeins to contribute to count loss.

Beakers should be rinsed with a small arnoimt of
sample Suspension irnrnediately prior to analysis of
the sample.

Aperture Current.

Excessive currerit. can damage red cells during trarisit
through the aperture, caused when the voltage stress
across the cell exceeds the reversible potent ial of the

Lab. med. 19:191-201 (1995)
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Fig. 6a. Loss of count increases with time in an unstirred
beaker.
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Fig. 6b. Count stays stable when gentle stirring is ap-
plied.

membrarie [10], approxirnately IV. W can calculate
liie limiting current for an aperture given its dimeri-
sions and the size of the cell. Alternatively, it can be
detennined empirically by plotting apparerit mean cell
volume (MCV) against applied current, Figure 7. A"
working current should be less than the drop off point.
I use an upper limit of 700 jiA for a 100 |im diarneter
aperture arid 300 ìÁ for a 50 ìéç aperture.

Damage is also thought to occur when red cells are
exposed to the products of electrolysis for a period of
time, though my own ineasurements in stirred glass
beakers show that this is not cornpletely true; RBC
suspensions are sufficiently stable to allow in excess

Lab. med. 19:191-201 (1995)
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Fig. 7. I) Graphical method for correcting for coinci-
dence (after Thom). Counts corrected for dilution are
plotted against concentration and extrapolated back
to zero concentration. The intercept (a) on the ordinate
represents the true count. Factor P for use in Princen
and Kwolek's quadratic coincidence correction equa-
tion is given by P = tan 0 /a2

II) Plot of time-of-flight corrected counts treated in the
same way. The results are uncorrelated with concen-
tration (tan O = 0)

of teil counts to be made over a period for several
minutes without visible change, providing that the
beaker contains sufficient diluent. volume, eg. in ex-
cess of 50 ml. Techniques exist to flow Suspension to
the aperture in such a way that the bulk of the stirred
sample is not exposed to electric current.

Losses

Dilutions arid aperture sizes should be chosen to
try to ensure that multiple particle passage is mini-
mised. The usual haematological dilution of
1:50,000 on a 100 ìéç aperture tube gives rise to
over 10 % loss of RBC count. More accurate results
can be achieved by using higher dilutions arid count-
ing inore Suspension and/or using a smaller aper-
ture.

Ecjuivalence ofpalses to particles

One of the reasona *why instrumental counting is
not obviously a substitute for counting by eye is the
difficulty in proving equivaience between one event
in the aperture and one pulse in the counting cir-
cuit. Although electronic counters can in theory be
validated with traceable pulse generators, these do
not reproduce the random nature of the aperture
pulses.

Because apertures must obey both Ohrn's and
Kirkchoff's laws, there is 110 possibility, other than a
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malfunction, of particle or multiple particle passage
not generatmg a pulse. Noise, interference and
recirculaliori of particles can all cause purious counts.
These must be absent or insignificant during analy-
sis. The height of recirculation pulses is usually lim-
ited to 4 % of that of pulses from aperture transit.
The design of automated haematology Instruments
and cytofluorometers usually precludes particle'
recirculation.

Count settings

Counts of inonodisperse latex materials are normally
made at die pulse half-height, ie. at essentially three-
quarters of the latex particle diameter. Counts of 10
|im latex would therefore be made at 7.5 ìéç and so
forth. This count will be relatively constant over a
r nge of size, but losses due to coincidence are de-
pendent on the pulse width at the counting threshold
[11]. Counts taken of latex particles in a cyto-
fluorometer for example with the gate set down near
the base of tlie pulses may well be inuch lower than
the assay value.

Routine counts of RBC are usually made at a lower
relative setting than half height, above 25 fl, so that
microcytic KBCs are not missed. For reference work
this is not relevant since pre-analysis should exclude
bloods containing these from being used s calibrator
source material. Refererice RBC counts on Instruments
not specifically designed to exclude recirculation are
best taken above 35 fl.

Table 1. Results from two sets of analyses 25 fl with and without
aperture rear sweep flow to remove recirculation

with without % difference

MeanA
MeanB

28151.4
28356.3

28351.0
28465.5

-0.7
-0.4

Poisson expected c.v. = 0.6 %.

Gating the pulse train

While pulses are being counted a precise volume of
sample must be metered through the aperture. There
are several considerations here.

We can trace the volume o£ our mercury siphon to
the chemical balance. The siphon volume can be traced
by means of an oil immersed piston mounted on a
micrometer via a hydraulically rigid System to dis-
place mercury weighed on an analytical balance. The
displacing device piston diameter has also been gauged
with an National Physical Laboratory (NPL) trace-
able micrometer. The balance is itseif checked and
calibrated with weights trace ble to NPL of 100,50,

10, l, 0.1 and 0.01 g. All mercury displacements, typi-
cally 6g Hg, are weighed to better than 0.1 mg, ie. to
better than 0.002%.

Table 2. Certification of the volume of two mercury siphons by
means of a trace ble device

Measurement

1.(Unwashed)
Static method

2.(Unwashed)
"on the fly"
method

3.(After acid
washing)
Static method
% differences
between 1 and 2

Siphon
Serial No. 54440

100.48 ML ±0.43
503.64 ML ± 0.48

100.1 3 ìé ±0.07
503.48 ML ± 0.07

100.76 ML ±0.59
503.24 ìé ±0.50

0.350 %
0.032 %

Siphon
Serial No. 58980

101.19 ML ±0.43
504.22 ML ± 0.43

100.94 ML ±0.08
503.81 ML ±0.11

101.16 ML ±0.56
504.22 Ml ± 0.45

0.248 %
0.081 %

The calibrations of the displacement device by
length (gauge) and balance (Hg displacement) agree
to within 0.016 %. An angular encoder attached to
the (motorised) piston allows the calibration to be
performed with flowirig mercury (ori the f'ly) with a
serisitivity better than 0.131 ul (0.026 % of 500 ìÀ).
The meniscus can also be adjusted by haiid (static
metliod). Both methods agree to withiri 0.2 % on a
conventiorial siphon and can be less than 0.03 % ori a
specially constructed orie. Most, of the 0.2 % differ-
ence appears to be in shaping the meniscus s the
mercury flows. The deviceVmeasured imprecision ori
the fly is typically less than 0:015 %.

Both precision and accuracy can be improved by
arranging for all electrical siphori.contacts to lie in tlie
veitical plane so that tlie mercury meniscus is horizon-
tal. Accuracy can als be improved by utilising a longer,
iiarrower, capillary than normal but. this liinits the
riumber of volumes to two. The overall unceitainty in
a calibrated siphon can be assessed s 0.2 %.

Constructing the entire aperrure-siphon System out
of rigid glass without flexible plastic tubing iricreases
hydraulic rigidity. Use of 15 mmHg vacuum causes
outgassing of diluent.. Water generally dissolves abotit
3 % air at room temperature and some 30 ml of dilu-
ent are normally needed to prime a counter. By ex-
periment, about 20 ìÀ of air are outgassed during the
first three minutes at a siphon head of -150 mmHg.
Equilibrating diluent in a vacuum chamber before fill-
ing avoids this.

Curve fitting the data of Table 3 to an exponential
(r = 0.997) gives a value of about 3 ìÀ of air outgassed
in 50 s (for the 50 ÷ 60 aperture measurements) and
about 1.8 ul in 12.5 s (for the 100 ìðé aperture). These
correspond to systematic errors of 0.6 % and 0.36 %
respectively.

Lab. med. 19:191 -201 (1995)
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Table 3. Times for cumulative gas evolution from Isoton II at
23*Cand-150mmHg

SCM. count» «utfen Ë> í. e

Volume, ìÀ time taken, seconds

20
40
80
120

169
215
265
281

K'siphon flow ihnes are known for outgasscd-dilu-
ont, the values Tor ordiriary diliiont can he used to
(•orreci tho volmnes metered for tlieir systernatic bias.
The need l o use oulgasscd dilnent for counting can
thcn he avoided.

Gas is also eiertrolytically releasecl at the inner elec-
trode. The voluinc rate cari be calculatcd usiiig the
gas laws From the apcrture current arid the faraday.
The rate can also be ineasured experimentally by con-
slructing a special „no aperture" aperture tube in
wliich the electrodes are both on tlie inside. The pro-
porfions of gas are, of course, always 2:1 by volume.

Calciilat.ion shows that a charige of 1° C leads to a
volume r.hangc of about 6 ìÀ for the 30 ml filling the
interior of an apertiire/siphori = 1.2 % volume error
in a 500 ìÀ siphon volume. The thermal iiiertia of the
glass and liquid, however, should ensure that even in
tlie inost. wildly variable conditions, fluctuations only
ocr.ur on a lorig time scale. Analytical samples and
internal instrument diluent ought to be closely siini-
lar in ternperature.

Coinc'idence correction

Most corrections Start from Poisson assumptions and
coriclude with formulae tliat are applicable only to
the dilute state eg. less than 5 % loss. Naturally, it. is
the higher conceritratioris that have the greatest need
of accurate correction and for which the Poissori as-
sumptions are least likely to be valid.
Reference 6 proposes a graphical inethod for correct-
ing counts without. presupposing any particular theory.
The instrument count corrected for dilution is plotted
agairist Volumetrie concentration, a straight liiie fit-
ted, and extrapolated back to zero concentration to
give the true value, Figure 8. This is a far more time
consuining Operation than solving equations and re-
quires a number of dilutions of equal accuracy to be
madc. A more serious objection is that a separate graph
needs to be construoted for each combinatioii of cir-
cumstances.
It is not difficult to show, however, that this method is
actually identical to the solutioii of Pririceii and
Kwolek [12] based ori the biriomial expansion. In tlieir
equation No = N - pN2 where No is the observed or
instrument count of particles, N the true count, and p
a factor relating to the dimerisiori(s) of tlie aperture,

Lab. med. 19:191-201 (1995)
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Fig. 8. Plot of time-of-flight corrected counts for dilu-
tions covering a 20:1 r nge of concentration, showing
perfect correlation between the results and the con-
centration. The intercept is in excellent agreement with
the average blank count obtained immediately priorto
analysis (45 particles per ml)

p is giveri by the ratio b/a2 where b is the slope of the
graphical method, and a its intercept in the Õ axis.
Both have the additional difficulty that linear least
squares fitting emphasises higher Ordinate values.
These are the products of lower counts and higher
dilutions, both of which carry the highest uncertainty.
As a consequerice, considerable care must be exercised
in carrying out the extrapolation.
Harfield, Lloyd and Cowan have showri [11] that there
is a more fundamental method of deterrninirig the loss
of cells, free from prior kriowledge of aperture dimen-
sion, analytical volume, dilution, size setting or sain-
ple, and which, urilike the above methods, is
monotonic. The proportion of time occupied by pulses
in the counting circuit, whether from single or multi-
ple events, can be shown to a function of the true par-
ticle concentration. This method can be referred to s
„time of ffight correction86, TOFC.
TOFC requires its own dedicated circuitiy and is there-
fore only to be fourid in the newest models of particle
counter such s the Coulter ZI. It can be used directly
to correct instrument counts or indirectly to derive the
p value for the Princen and Kwolek equation. This lat-
ter method is curreiitly implemented in tlie latest ver-
sion of Coulter model Zm internal Software.
TOFC is ideally suited to correcting counts of small
particles in tlie presence of large. such s occur in
„spiked" assays.
Table 4 shows a cornparisori between ZM results cor-
rected by TOFC using a 100 ìðé aperture, and results
from a special 50 ÷ 60 ìéôé reference System in which
uncertainties have beeri minimised or quantified s
above. Differences in meari counts are closely similar
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Table 4. Comparison of TOFC corrected counts (1:50,000
dilutions) on a 50 60 pm aperture "reference" System with
those from a conventional Sampling Stand fitted with a 100 pm
aperture

50x60pm 100 pm
Sample #

Raw

Count data
1
2
3
4

Mean
TOFC

47568.4
47278.0
47842.0 .
48486.8

Mean .
Raw

48313.2
48250.7
48848.0
49104.5

Mean
TOFC

43947.5
44099.0
44269.5
4465.3

Mean

48081.2
48359.0
48705.3
49141.4

Coefficients of Variation of the raw counts and relative differences
of the means.

C.V.% % Differences C.V.%
• 50x60-100

1
2
3
4

Averages

0.331
0.993
0.430
0.068
0.456

0.480
-0.224
0.292
0.759
0.327

0.501
0.571
0.197
0.417
0.422

to raw count imprecision. Figure 8 shows TOFC re-
sults for SCAL material plotted for comparison with
die ..graphical" method. The liigh degree of confidence
available from TOFC results is shown in figure 10
where corrected SCAL counts are linearly regressed
with r = 1.000 against gravimetric dilutions in a con-
centration ränge ov 20:1. The intercept of 87.56 par-
ticles at zero concentration is not significaritly differ-
ent from the blank count of 45 particles (the latter
was not included äs a regression point).

Random Errors in Counting

Random count scatter is usually described by Poisson
statistics which are really only applicable to veiy low

event. probabilities. Where counts of 80,000 ml·1 are
being obtained with a 100 aperture, the prob-
ability of an eveiit is about 0.1. Space cloes not per-

100
c.v. =

mit justification at. length but I propose the following
formula for the expected precisiori of counts.
where n is the meaii observed count and j is the
mimber of contributing counts to n.

Values from this equation can be used in single
sided variance ratio tests with j-1 ,j-l degrees of free-
dom.
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XIII Mitteilungen

Laryngcal DiplUhcria due
(oxigcnic Coryncbacterium ulccrans

In niarcli 1993 wo diagnnscd laryngenl diphtheria
[1.2, 3J duc to toxigciiic C. ulcmms hi a 42 ycar old
johlcss womnn (81 kg, 156cm) wilh a diphlheriu
antifo.xin <*oiic*.<Mitralinn in h<?r serum öl' 0,01 l U/m l
by !. As a cliild sht? liail I.KMMI vnccinated againsl
diphthcria toxin.

AfttT a long history of hronchinl astlima she was
admilted to our hospital because of detcriorating
dyspnea afier t wo wccks of cougking and expcctora-
lion of whitish mnterial and an astluna atlack tlic
day before admission. Tlic only medication slie took
was salhulamol spray. On admission l>ody tempcra-
tnrc was 36,8 °C, blond pressure 90/60 irmiHg.
ClinicaJ chcniisiiy data:
Lenkoiyte count 35 000/
MCV ' 87,9 nl
Gamma-GT 100 U/l (18 U/l)
CK-NAC 150 U/l (10-70 U/l)
CK-MB13U/1 (<10U/1)

One day alter admission dyspaea deteriorated
rapidly, so slie was intubated. The tonsils and the
swollcn laryiLx were covered with a robust yellöw-
wliitisli pscudomembrane extendeding well üito the
lipper trachea.

After hitubation through the reduced Jurnen of the
larynx a pseuclomem braue 2 X 3 X 0,15 ein in size
was expectorated.

The ncxt two days an iv dose of 40 000IU and in
dose of 60 OOOIU of diphtheria antitoxiii were given
together \vith four niega peiiicillin daily for ten days.

The presumptive inicrobiological diagnosis of
diphtheria was reportcd to the hospital 30 minutes

Figure. Neisser stain of the pseudomembrane's smear

aftcr die arrival of the pscudornemf)rane in the labo-
rator)r, the positive; Elek fest 48hours later.

Neissijrs stain of the pscudoinemhranc's smear
was packed with typically coulored rods.

Gram stain of the pseudomembrane smear showed
gram-positive and gram-labile "diplitlieroids" and
neutrophil grarjuloiytes.

C. ulcerans was easily growri from the membrarie
but nasal and pharyngeal smears taken at the same
lime and transported Icss than SOminutes in Porta-
germ transport medium (bioMerieux) were negative.
APf Coryne (bioMerieux) was used for bio<;hemical
ideniificatioti.
MIC's (mg/1) determined by a commercial microdi-
lution technique2 were äs fpllows:

Penicillin G: < 0,25
AmoxiciUin: < 2
Azlocillin: <16
Erythromycin: < l
Cephalexin: < 4
Cefuroxim-Axetil: < 2
Cefixim: l
Gentamiciii: . < l
Cotrirnoxazol: <16
Tetra cyclin: < l
Ofloxacin: < l
Chlorampheiiicol: < 8
Clindaraycin: < l

The toxin assay in the guinea pig was also positive"1.
On her third day in hospital laryngoscopy still
showed massive laryngeal swclling. Pseudomembra-
nes extended do\vn tlie trachea and well into the cen-
tral bronchial tree. Cervical soft tissue and lymp-
hnode swelling developed gi-adually.

On day 12 die circumferencc of the patients neck
whicli normally was 38 cm reached a maximum of
50 ein. On day 15 she was extubated but had to be
tracheotomized due to severe stridor.

After 41 days including 25 days of intensive care
she was decanulized. One week latcr she \^5 cle-
ferred presenting with no residual Symptoms apart
from her tracheostoma. The electrocardiogram was
normal.

She had drimk raw milk several times 6 to 9
rnonths before she becarne ill [4)]. The farmer from
whom she had boiight the mitk treats his animals
widiout the help of a veterinarian. She had a clog. a
hamster, a guinea pig and a rabbit in her honse.
Pharyngeal sinears of contact persons including per-
sonnel of our intensive care iiuit did not show C.
ulcerans. Contact persons \\ithout hnmimity against

U. Haclding, Hygiene-Institut, Düsseldorf University.
D-40225 Düsseldorf, Mooreiistraße 5

2 ATB bioMerieiLx, D-72602 Nürtiiigen, Postfach 12 04
3 W Thilo, National Reference Center for Diphtheria und

Tetanus, D-13187 Berlin, Wollankstraße 15-17


