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- Ninee Myeobacterium leprae is not available in sufficient purity for
standardization by weight, spectrophotometry or nitrogen content,
bacterial counts are required to determine its concentration in lepro-
min and in experiments on animal transmission, cell cultures; direet
cultivation, ete.  When bacterial concentrations in source materials
are modest, direet counts often are feasible,  When concentrations are
high, large clumps and globi require declumping of the bacilli by
chloroform and dispersion in a suitable diluent.  While the labor-
lousness of counting is well known, several determinants of reliable
counts are not commonly recognized, as indicated in the following
paragraphs (A-D).

A, Markedly different, though reliable, distributions of hacterial
concentrations are produced by each method of spreading samples on
glass slides, After mechanical spreading of measured samples on square
or circular areas, the numbers of bacteria per field near the centers of
films may exceed those near the perimeters by five to ten times (%).
Random microscopic sampling of these physically induced variations
in bacterial concentrations results in enormous standard errors for
the counts from ecach film. From this it follows that films must be
small in order that their entire diameters may be sampled, and that
statistical analysis must be based on ‘‘ranking methods™ (*) permitting
comparison of the numbers of bacilli in each field with numbers ob-
served in corresponding sites in other films. Fortunately, uniformly
replicated microspot films can be made with great rapidity. In the
narrow marginal rims of such films the counts fend to be only 2.5
times those encountered across a central platean.

B. Proper concentrations of protein are required to help retain
films on slides.

C. Staining and differentiation must be conducted with reagents
that possess ““fixing”’ qualities, in order to minimize the loss of bacilli.
Rinsing must be gentle and minimal.

D. The major factors influencing reliability can be demonstrated,
tested or controlled by visual inspections, and need not be monitored
by tedious compilation of bacterial counts.

1 Received for publication January 3, 1964,

2 This work was supported in part by a grant from the World Health Organization and
by Grant AIL-02008, National Institute of Allergy and Infectious Diseases, National In-
stitutes of Health, Public Health Serviee, Bethesda, Maryland.

3 Leonard Wood Memorial-National Institutes of Health Fellow in Epidemiology, Sehool
of Hygiene, Johns Hopking University.

156



32, 2 Hanks et al.: Counting of Mycobacteria 157

This paper, therefore, is prepared solely as a technical guide to
minimal equipment, maximal convenience, and the factors that must
be taken into account to produce reliable results. Since explanations
are so tedious in comparison with demounstration, we have tried to il-
lustrate materials, procedures, and the basis of several considerations.

Major features to be deseribed are: the declumping and dispersion
of M. leprae when necessary, rapid preparation of replicate films on
glass slides, safeguards against losses of material during staining and
differentiation, and convenient microscopic sampling of films by a
method that measures the area covered by each film and eliminates the
calibration of microscopic fields.

MATERIALS AND METHODS

Materials inelude lepromins, tissue homogenates free from rapidly settling fissue
particles, and other experimental samples from which uniform aliquots ean be drawn.
Materials essential to the counting method have been arranged in four groups, three of
which are illustrated by figures.

A, Decltumping and dispersion of mycobacteria (Fig. 1).—Pointed, 3 ml. glass-
stoppered microcentrifuge tubes (Kimball No, 45152); pure chloroform for declump-
ing; 2 per cent serum in 0.5 per cent phenol water for dispersion and dilution and
wsurance of uniform retention of films on slides; serologic pipettes for measuring
the samples and the ehloroform.

Fra. 1.  Materials
required for declumping
and dispersion of myco-
bacteria,

B. Preparation of films (Fig. 2)—A spot plate to provide small samples at uni-
form depths (Arthur H. Thomas, No. 8288, size 2/0); small “sequin” pins for rapid
transfer of replicate samples (we use Scoville No. 8-S, sclecting for head diameters
of 1.53 mm. (0.06”) £29%); a swab stick, pencil with rubber eraser, or hemostatic
clamp to hold the pins by the points; templates for arranging the mierospot films in
orderly rows on glass slides (prepared by typing “full-stops,” “periods,” or “o's” on 3”
x 5" eards). We now stamp the microspots from each sample as soon as the latter
has been placed in the spot plate, thus eliminating the need for rubber stoppers to
prevent evaporation.

(. Fixation and staining of films (Fig. 3).—A tightly sealed 70 ml. Coplin jar
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I'16. 2. Materials and method for rapid replieation of microspot films on slides.

formalin/volome of anre, A

containing 0.7 ml. of formalin |.1'.|\j1'.4-- 1 per cent ol
a small snpply ol

horizontal glass plate serving as a 98°1. hot plate is Lud over
hoiling water in a tin ean.  Carboltuchsin in a glass-joint dropping bottle (1 part

39 new fuehsin/wt. in 959 alecohol + 9 parts of 5% phenol nowater). Ditferen-
Co/wt.)

1 497).

O

tiator: a Coplin jar containing 10 ml. of aqueons solution of methylene blue (1

and 40wl ot 5 per eent sulfurie acid/vol. {(methylene blue 0290 in sulfurie aci

For controlled rinsing: a Coplin jar with an appropriate length of nonrnsting wire
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wedeed dingonally aeross the bottom, to permit slow passage of vinse water boneath the
slides; o small funnel fo diveet the flow of water into the Coplin jar.

D, Counting—A  St-square ocular grid for the eve piece ol the mieroscope
(Bauseh and Lomb microdiameter dise, Cat, No. 311615). A table of “conversion fac-
tors" ealeulated for the microscope employved.

PROCEDURE

Decliomping and dispersion of mycobacteria—1. Shake the lepro-
min or other sample thoroughly. Keep it agitated by aspiration while
removing 0.3 ml. to a glass-stoppered tube.

2. Add 0.03 ml. ehloroform and replace the cap promptly.  ITm-
mediately shake the contents end to end through an are of 907 as
vigorously as possible, employing 10 strokes for declumping.

3. Immediately add 1.2 ml. of the 2 per cent serum in phenol water
and shake twice. The sample has now been diluted five times.

4. To minimize labor, four samples are hrought to this point, the
stoppers in the tubes arve secured with the thumb, and all are shaken
vigorously (as deseribed above) for 3 minutes to produce uniform
dispersion of the baeilli.

Preparation of films (1Mg. 2).—1. Shake and aspirvate cach dis-
persed sample and transfer 0.03 ml to the spot plate.

2. Stir the sample with a pin head as illustrated, and stamp 5
microspots on cach of 2 slides.  During this operation, the forecarm
is rested on the table and the wrist is swung in an are. Superior
replications are secured by stamping the pin veitically and boldly on
the slide while counting to ensure an even tempo of movement. If
for any reason there is a delay in making the microspots on slides,
cover the sample with a rubber stopper to prevent evaporation.

i, 3. Materials and arvangement for fixation and staining of {ilms,
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As many as 8 vertical rows (samples) are filmed on cach slide to
ensure uniformity in staining, convenience in labelling, storage, ete.
All films are allowed to dry at room temperature.

Fixvation and staining of films (Fig. 3).—1. Place the slides in the
Coplin jar of formalin vapor for 3 minutes.

2. Lay them on the hot plate for 60 seconds to drive off formalin
and to fix by heat.

3. Cover the films with carbolfuchsin for 30 seconds while on the
hot plate; rinse gently in water; shake off excess water.

~ 4. Immerse the slides in the differentiator for 4 minutes: rinse
gently in water.  Shake off all excess water and allow the slides to air-
dry.

The gentle rinsing is carried out by placing the slides in a Cloplin
jar modified as deseribed and filled with tap water. All films face
toward the right. Flowing water is introduced into the left side of
the jar through a small funnel. Lest the films be softened, rinsing
should be terminated as soon as dyed water has been replaced by clear
water,
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Fig. 4. The use of adjacent square ficlds to establish the total number of ficlds and
of baeilli per diameter of circular films. M—The left margin of a miserospot film on the
slide. e—The entire cirele of the usual microseopie field, including the 36 small squares
into which this area is divided by the ocular. $—The actual field of 16 small squares in
which the baeilli are counted.

Each movement of the slide is made with a bacillus, particle or other landmark as a
reference point, so that exaetly one new field is examined for each count. No overlapping
or gaps are permitted when moving from field to field.

With a mechanical counter, one key is punched for each field examined.  Another key
is used to record the number of baecilli. 1f statistical analysis is intended, the number of
baeilli in each field is also recorded in tables [II‘I'|JJ_\I‘I'1| for that purpose (%),

Counting of bacilli (Figs. 4 and 5).—1. Restriet enumerations to
cireular films that have (a) uniform diameters and (b) perfeet rims
when viewed with the low-power objective. These two requirements
are of the utmost importance. Films that are not perfeetly matched
cireles and those with irregular margins indicate a defect in prepara-
tion. Films that do not have intact rims, or that have rims with an
embroidered or ‘“‘moth-caten’’ appearance, indicate a problem in fixa-
tion to slides. They will yield low and diserepant counts.

2. For routine counts, plan to record two items, viz., the number
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FiG, 5. Geometrie relationships hetween an entire film and the 30 fields that have heen
examined by method illustrated in Fig 4.

Calculation: The principles can be illustrated step by step on the following basis.

The original sample was diluted 5 times. Each pin head transferred 0.00056 ml. of
sample to each microspot. One diameter of the microspot so produced represented 30 fields
in linear series, as shown in the figure. In these 30 fields 750 baeilli were found,

By means of the formula or2 the total number of fields in the entire microspot is de-
termined.  On the basis of 30 fields per diameter, v = 15; r2 = 225; and 7r2 = 225 X
31416, The result is 706 fields in the spot.

The total number of bacilli deposited per pin head, or miecrospot, is ealeulated as fol-
lows. Since 750 bacilli in a diameter of 30 fields were counted, the average number per
field is 25. This number multiplied by the number of fields in the total film (706) gives
17,650 for the number of bacilli in the spot.

The number of bacilli/ml. of the diluted sample is then ealeulated by multiplying the
number of baeilli/pin head spot by the number of pin head deposits constituting 1 ml
Thus 17,650 % 1 = 31,500,000, or 31.5 » 106,

0.00056

The total number of baecilli in the sample is determined by multiplying the latter
figure by the dilution factor 5. Thus the total number of bacilli/ml. in the original sample
is 5 % (313 X 108) or 157 X 106,

As noted previously, once the prineiple of caleulation is understood, the use of con-
version factors is recommended,

of square microscopic fields per diameter, and the total bacilli per
diameter. The method of starting at the left margin of a film and of
counting along a diameter is illustrated in Figures 4 and 5 and ex-
plained beneath Figure 4.

3. From your own table of ‘‘conversion factors,”” multiply the ap-
propriate factor by the number of bacilli per diameter. The answer
will be expressed as millions of baeilli/ml. The basie principles of
caleulation are given in an example beneath Figure 5, while the deri-
ration of conversion factors is given under Technical Notes and Dis-
cussion. :

(‘riteria for taking into account the differing lengths of bacilli
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the problem of obtaining agreement between counts in rveplicate films,
a statistical method, and determination of the volumes transferrved by
loops or pin heads, will also be considered under Technical Notes and
Discussion,

An alternative approach, adequate for rough comparisons, is
simply to stamp carefully replicated films on glass by mean of seleeted
pin heads, to insist on =+ 15 per cent agreement between counts in
replicate films, and to draw the justified conclusions from direet com-
parisons between the average numbers of bacilli per diameter,

TECHNICAL NOTES AND DISCUSSION

Papers published previounsly, of which reprints are available, pro-
vide basie data on several phases of the procedures and the counting
problem. These emphasize that counting is a tedious and undesirable
method for monitoring and controlling the major sources of errvor.
We will call upon this information plus eurrent experience in order to
define the basis for essential precautions and recommendations,

A, Declumping and dispersion.—These are based on speeial stad-
ies that defined the unseful and permissible concentrations of chloro-
form (*). The pointed tubes are used to minimize the contact between
samples and chloroform before shaking can be started.

In studies with lepromin, larger round-bottom tubes and larger
samples failed to give equally high counts or as consistent results.
In samples that settle rapidly, pipetting larger volumes does not pro-
duce the anticipated inereases in accuracy. Sinee Hanks (7) had de-
seribed the eluting and dispersing effeets of 2 per cent serum for re-
coveries of declumped M. leprae from tissue residues, the addition of
this diluent immediately after the first 10 vigorous shakes with c¢hloro-
form was tested. It was shown to be useful. Four possible modifica-
tions of procedure were evaluated: shaking by hand and with a Kahn
shaker, each with and without the presence of 72 mgm. of Superbrite
beads No. 070. The Kahn shaker, producing 60 oscillations per min-
ute, was inadequate, even when operated for 15 minutes. Shaking
with the beads for 3 minutes, both by hand and on the Kahn shaker,
decreased the bacterial counts.  Beads, therefore, were not used
further.

With modest concentrations of baeilli in tissues to he studied, de-
clumping should not be necessary. If it is required, homogenates
should not be made too dilute since at least 3x dilution is necessary
after chloroform to ensure adequate dispersions.

B. Cleaning of slides—Since the microspots of samples must
spread uniformly on glass slides, the latter must be serupulously clean.
We immerse or store new slides in a Coplin jar containing 5 per cent
glacial acetic acid/vol. in 95 per cent aleohol.  Kach slide is lifted from
the jar, pulled once through a fold of lint-free absorbent ftissue
(Wipettes, Kimwipes, ete.) and laid on a clean surface.

C'. Preparation of films.—The transfer of uniformly replicated
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samples to glass slides by means of 0.7 mm. loops (') requires consider-
able practice, both to control volumes and to avoid mierospots that are
slightly out of round shape because of tremors, Stamping of uniform
samples on slides with the pin heads is learned much more easily, gives
more reproducible films, and is accomplished much more rapidly.
Loops of 28 gauge wire (which is an unusual size) can be obtained only
on special order and arve expensive.  Suitable pins probably can he
obtained anywhere.  They are used by dressmakers and, in some
countries, as paper elips.  Atypical pins are disearded,

D. Monitoring of films without counting.—Two previous studies
(* *) have demonstrated that the distribution of baecterial concentra-
tions coincides with the distribution of opaque materials (India ink,
Congo 1ed, or blood cells) in dried films.  The art of making near-
perfect replications of microspots should be acquired by eritical in-
spection of films of a sample or of 2 per cent serum containing 1
per cent India ink or 0.2 per cent Congo red.

Inspection of dried films will reveal fairly dense marginal rims
surrounding a central plateaun.  Bacterial counts in the rims tend to
he 2.5 times as high as the uniform counts across the central platean.
Should inspection of films or recorded counts show a central peak, the
true bacterial numbers may be over-estimated by as much as 20 per
cent.  This difficulty has been encountered only in homogenates of
dense suspensions of tissue cells. It was eliminated by incorporating
bile in 0.05 per eent concentration in the dispersing medinm ("),

The marginal rims and the junctures between these rims and the
central plateaus are the regions in which stained films should he ex-
amined by low power microscopy, if one suspeets problems in film
retention.

K. Calibration of loops and pin heads.—This has been done by
either of two methods, each dependent upon the transfer ot test solu-
tions having wetting properties similar to those of lepromin and 2 per
cent serum and requiring preliminary practice until almost perfeet
replication of microspots has been achieved.

I. Titration of alkali vs acid: Reagents: 0.00N NaOH. 0.01N HC(1,
and distilled water, each containing 0.002 per cent phenol red, and here-
after designated as NaOH, HCl and H:0. The alkali and acid need
not be previously “‘standardized.””  Add a few drops of an alkaline
buffer to 10-20 ml. of the H.O, adjusting this to the sensitive visual
range of phenol red (= pH 7.4). Place = 1 ml in a 10 mm. tube to
serve as the end-point color standard. By means of serologice pipettes
(wipinz tips, ete.) titrate the NaOH against the HCl nntil a conver-
sion factor can be certified. For practice with small volumes, it is
convenient to use 0.04 ml. NaOH »s = 0.2 ml. HCI from a serologie
pipette. Dilute the acid or alkali so that the HCl reguired is exactly
o times the volume of NaOF.

With a 0.7 mm. loop or a pin head transter 40 microspots of
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NaOH to a slide. With the serologic pipette, add HCl to form an es-
sentially neutralized pool of phenol red on the slide. Tip this to a 10
mm. tube containing 0.5 ml. of the H.O; rinse the slide with 5 drops of
H.0: add more HCI to mateh the pH color standard in a similar tube.
Repeat until the row of small tubes shows essential agreement or per-
mits averaging of results. Calenlation: volume of H(C'1/200 = the
volume of NaOH per microspot.

2. Optical density of Congo red solutions: Reagent: 1 per cent
Congo red in distilled water. Congo red is chosen for two reasons:
its solutions have suitable wetting properties, and negatively charged
dyes are not adsorbed by glass. A calibration enrve for reading op-
tical densities in the Coleman Jr. spectrophotometer at 500 my in
13 mm. tubes was construeted after determining that there is a straight
line relationship between optical densities and the per cent concentra-
tion of dye over the range suggested. Thereafter two dilutions of the
dye served as controls: 0.1 ml. of dye + 49.9 ml. water = 0.002% dye;
0.1 ml. dye stock + 499.9 ml. water = 0.0002% dye. 1In tubes or cu-
vettes of greater diameter 0.001% and 0.0001% Congo red may be
preferred.

For 0.7 mm. loops: Transfer 10 microspots of 1 per cent Congo
red to separate sites on the wall of a clean glass beaker; add exactly
10 ml. of water; pour a sample into the reading tube or cuvette; re-
cord the optical density and determine the per cent content of dye from
the plotted calibration curve,

For pin heads: From a 0.03 ml. aliquot of 1 per cent Congo red
in a spot plate transfer 10 mierospots to the end of a eclean slide;
immerse this end of the slide in 10 ml. of water in a small beaker,
and proceed as above,

(‘aleulations: These are based on simple proportions as follows.
The volume of 10 microspots: 10 ml. of water = the per cent of dye
determined: 1% Congo red. Since the first two elements in this
formula cancel, and the last element is 1, the per cent of dye deter-
mined by optical density = the volume of solution per microspot in
ml. Example: Ten 0.06” pin heads yield a 0.00056% dye solution.
This equals 0.00056 ml. of sample ‘microspot.

F. Fivation of films:—If difficulty is experienced, replace the
formalin vapors with formalin in the concentration of 10 per cent in
alcohol. Dry the microspots by warming, place the slides in a Coplin
jar of the fixative for 10 minutes, and then heat and stain as deseribed.
Insoluble materials (India ink or blood cells) can be employed to com-
pare the retention of particles in protein films during exposure to
various reagents ().

G. Staiming and diff erentiation.—The problem of losses from the
surface of films, the choice of reagents for retention of films, the effeet
of formalinization on differentiation, determination of end-points for
differentiation, and the faet the mycobacteria are not transferred from
slide to slide in Cloplin jars, have been examined in detail (').
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H. Factors influencing the accuracy of counts—Since counting is
employed as a substitute for weight or other estimates of bacterial
mass, the variable length of bacilli should be taken into account. We
are guided by two considerations.  First, typical or average myco-
bacteria usually contain 4 rvegularly spaced chromatin bodies or
“oranules.” In the case of M. leprae, the length is 2-3x, a convenient
standard for one unit.  Baecilli of 4-6p in lengfh are counted as ““two,”’
ete.  Secondly, arrangements of branching or conjunctions between
bacilli yield ““joints,”” ¢V s ©W s " €X0Us," Y, ete. Each unit,
if not of exceptional length, receives a count of ““one.”  In counting
material from treated patients or samples rich in short ovoids or
egranules, this system would overestimate bacterial mass.

I. Agreement between counts in replicate films—The labor of
counting leads to empirical compromises rather than statistical satis-
factions. We try to achieve reasonable reliability by counting across
only two carefully selected films per sample.

If the counts in a second film agree with the first within = 10
per cent, these are averaged, assigning also an average number of
fields per diameter of spot. If the two connts disagree by more than
15 per cent, a third film is counted. If two counts now agree within
=+ 10 per cent and one disagrees, and reexamination of the latter by
low power shows a defective film, that count is disregarded. It all
films appear identical, the three counts must be averaged. Careful
preparation and inspeetion of films, therefore, is an important means
of saving labor.

In order to obtain this degree of agreement, the numbers of
bacilli that must be observed per diameter vary with the material and
the mycobacterial species.  With uniform distributions of single
bacilli in homogenates of M. lepraemurium, 200-400 bacilli suffice ().
In declumped and dispersed lepromins the number tends to be in the
order of 800. In lepromins containing large tissue particles, the re-
quired numbers run into the thousands. The example cited below of
750 bacilli per diameter of spot and 158 x 10° baecilli/ml. corresponds
with the 160 x 10° recommended by the 1963 Congress in Rio de
Janeiro as a provisional standard for lepromin. In eclinical micro-
scopes such lepromins may yield 1,100-1,200 baeilli per diameter of
spot. If bacilli are so numerous as to make counting burdensome,
work can be saved by recording the numbers of bacilli seen on only
two of the four horizontal rows of small squares in the field, and then
multiplying by two. When bacilli are in low numbers, a choice must
be made between counting additional films or coneentrating samples
by centrifugation. '

The use of convenient statistical methods has been illustrated
elsewhere (*). The necessary booklet of tables can be obtained from
Dr. F. Wilcoxon (*). In standardization procedures, we adjust sam-
ples to agreement of counts, even though statistical analysis indicates
that two counts do not differ significantly.
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J. Caleulations and conversion factors—The prineiple employed
for caleulation of the number of bacilli/ml. of sample is to disregard
measurements in millimeters, ete., since the size of each micerospot
film has been measured in terms of the number of fields per diameter.
Irrespeetive of the microscope used, one-half of this number serves as
“r’ in the usual formula, =r*. In this way the calculated area of cir-
cle represents the total number of fields covered by the known volume
of sample placed in cach film. An example of such calenlations has
been given bencath Figure 5.

Conversion factors: For conveniencee in routine work we prepare
for each microscope a table that requires only that the number of
bacilli observed per diameter be multiplied by the appropriate *‘con-
version factor.”

1. We do not convert the total bacilli per diameter into average
bacilli ‘field and then multiply by the number of fields per film. The
number of fields film is expressed as multiples of the fields/diameter.
For example (based on the use of our Leitz Ortholux Microscope) :

Fields/film Fields/diameter = Multiples
706 30 23.5
04 o1 24.3
804 32 ' 25.1

2. We derive a constant which takes into account the dilution of
samples (5x) and the volume of sample per pin head (0.00056 ml.).
For example, 5 <+ 0.00056 = 8,928,

3. The produet of this constant and an appropriate multiple con-
verts the number of bacilli per diameter into bacilli per ml.  For ex-
ample, with 1 bacillus/diameter: 23.5 x 8928 = 209,808 bacilli/ml.
This number when rounded off and expressed as millions = 0.210 x
10° bhaeilli/ml.

An example of the conversion table used for the Leitz Ortholux
microscope, therefore is as follows:

Multiply by

Fields/ (‘onversion bacilli/
diameter factors diameter Baeilli /ml.
30 0210 x 10° x 750 = 158 x 10°
3 0.218 x 10° x 700 = 163 .x 10°
750 = 168 x 10°

32 0.224 x 10° X

b

Since miceroscopes used in clinical laboratories tend to yield = 20
fields per diameter, they will yield different conversion factors, which
must be caleulated by the investigator.

SUMMARY

This paper summarizes the basie considerations, materials and
procedures required for rapid and convenient determination of the
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concentrations of mycobaeteria in clinical and experimental materials.
Major features described are the declumping and dispersion of M.
leprae when necessary, rapid preparation of replicate films on glass
slides, safegnards against losses of material during staining and dif-
ferentiation, and convenient microscopic sampling of films by a pro-
cedure measuring the area covered by each film and eliminating the
calibration of microscopic fields.

RESUMEN

Este trabajo resume las consideraciones basieas, materiales v procedimientos re-
queridos para una determinacion rapida y eonveniente de la concentracion de mico-
bacterias en materiales elinicos y experimentales,  Los mayores aspeetos deseriptos son
desagrupamiento v dispersion del M. leprae, rapida preparacion de peliculas replicadas
sobre portaohjetos de vidrio, seguridad contra la perdida de material durante la
coloracion v difereneiacion, ¥ conveniente seleeeion de peliculas por un proecedimiento
que mide las arens cubiertas por eada pelicula y climina la ealibracion de eampos
MiCTOSCOPLEOs,

RESUME

Cet article résume les considérations de base, I'équipment et la technique pour
la détermination rapide et facile des eoncentrations de myecobactéries dans des échan-
tillons cliniques et expérimentanx.  Les points prineipaux qui sont déerits ont trait a
la séparation et o la dispersion de M. leprae lorsque cela s'avere néeessaire, i la prépa-
ration rapide de froftis reproductibles sur des lames porte-objects, aux préeautions i
prendre contre la perte de matérial durant la coloration et la différenciation, et i un
facile éehantillonnage mieroscopique du frottis par un proeédé qui mesure la surface
couverte par chaque frottis et élimine de la sorte la mesure de la superficie des champs
microscopiques.
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