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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has
been established has the right to be represented on that committee. International organizations, governmental
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Foreword

IDF (the International Dairy Federation) is a non-profit organization representing the dairy sector worldwide.
IDF membership comprises National Committees in every member country as well as regional dairy
associations having signed a formal agreement on cooperation with IDF. All members of IDF have the right to
be represented at the IDF Standing Committees carrying out the technical work. IDF collaborates with ISO in
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1ISO 13366-1:2008(E)
INTERNATIONAL STANDARD IDF 148-1:2008(E)
Milk — Enumeration of somatic cells —
Part 1:
Méthode au microscope (Méthode de référence)
1 |Scope
Thig part of I1ISO 13366|IDF 148 specifies a microscopic method (reference method) for the [counting of
somatic cells in both raw and chemically preserved milk.
Thig part of ISO 13366|IDF 148 is applicable for the counting of somatic cells in cows' milk, provigled that the
eveptually mentioned prerequisites are met.
Thig method is suitable for preparing standard test samples and determining reference method vallies that are

requiired for calibrating mechanized and automated cell-countinguméthods.

WARNING — The use of this standard may involve hazardous materials, operations and

Thi

standard does not purport to address all of the safety problems associated with its u

bquipment.
5e. It is the

responsibility of the user of this standard to establish appropriate safety and health prgctices and

det

2
For

21

somatic cells

thog
des

A t4
pro

rmine the applicability of regulatory limitations prior to use.

Terms and definitions

the purposes of this document, thé following terms and definitions apply.

e cells with nuclei, that is all leucocytes and epithelial cells, determined according to the
cribed in this part of 1S©/13366|IDF 148

Principle

st portiorn* of milk to be examined is spread over a slide to form a smear. The smear is dried,
ess; the cells are stained. Subsequently, the stained cells are counted using a microscope. 1

procedure

During this
'he number

of c

blls-counted in a defined area are multiplied by a working factor, to give the number of cells per

millilitre.

4

Reagents

Use only reagents of recognized analytical grade, unless otherwise specified, and distilled or deionized water
or water of equivalent purity.

4.1

Dye solutions

WARNING — Tetrachloroethane is poisonous. Ethidium bromide is mutagenic. Proper actions for
deactivation should be taken in case of spilling. Preparation and application of the dye solution shall
be carried out in a fume cupboard, using protective equipment.

© ISO and IDF 2008 — All rights reserved
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4.1.1 Modified Newman-Lampert stain solution (Levowitz-Weber modification)
4111 Components

Ethanol, 95 % (volume fraction) 54,0 ml

Tetrachloroethane @ 40,0 ml

Methylene blue 0649

Acetic acid, glacial 6,0 ml

a8 Xylene kan be used as an alternative in the same

volume amdunt as mentioned for tetrachloroethane.

4112 P

Mix the eth
65 °C. Add
4 °C.

Then add t
filter (5.2) in

reparation
hnol and the tetrachloroethane and stopper the bottle. Heat the mixture in a water-bath (5.1) s

the methylene blue under a fume cupboard and carefully mix. Cool the mixture in a refrigerat

ne glacial acetic acid and carefully mix again. Pass the obtained sélution through an approp
to an airtight bottle and store it as such.

Filter the N¢wman-Lampert stain solution again before use.

4.1.2 Ethidium bromide stain solution

41.21  $Stain stock solution

4.1.21.1 |Composition

Ethidium bfomide 0,25 g

Demineraliged water 100 ml

41.2.1.2 Preparation

Dissolve the ethidium bromide~in demineralized water preheated to 40 °C. Cool the solution to r

temperaturg. Adjust to 100 ml-with demineralized water.

bt at
rto

iate

pom

Hark

The ethidiupn bromide stain stock solution can be kept for two months at a maximum when stored in the
at2°C+2fJC.

41.2.2 Buffer solution

41.2.21 Composition

Potassium hydrogenphthalate 0,51¢g

Potassium hydroxide 0,162 g

Demineralized water 100 ml

41.2.2.2

Preparation

Separately dissolve the potassium hydrogenphthalate and the potassium hydroxide in the demineralized

water.

© ISO and IDF 2008 — All rights reserved
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The buffer solution can be kept for two months at a maximum when stored in the dark at 2 °C + 2 °C.

4.1.2.3 Ethidium bromide stain working solution

4.1.2.31 Components

Ethidium bromide stain stock solution? (4.1.2.1) 2ml
Buffer solution (4.1.2.2) 8 ml
Triton X-100 0,1 ml
Demineralized water 90 ml

a
eth

A high temperature may reduce the staining capability of
dium bromide.

41

Sug

2.3.2 Preparation

denjineralized water and carefully mix.

Fre

4.2

bhly prepare the ethidium bromide stain working solution directly before use.

Phosphate Buffer Solution (PBS)

4.21 Components

Na(l 8¢9
KC 0,2g
NayHPO,-7H,0 145 g
KHLPO, 0,2g
Demineralized water 1 000 ml
4.2P Preparation

Diss

Adjuist the pH te-.752 + 0,1.

NOT

E It5 also possible to use a commercially available phosphate buffer solution with pH = 7,2.

olve the salts in demineralized water. Adjust to 1 000 ml with the remaining demineralized water.

cessively add the ethidium bromide stain stock solution, the buffer soldtion and the Triton X-100 to the

© ISO and IDF 2008 — All rights reserved
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5 Apparatus

Usual laboratory equipment and, in particular, the following.

nm?2
/, of

g

rnal

l or

ling

5.1  Water baths, capable of maintaining a temperature of 40 °C +2 °C,50°C+2°C and 65 °C £ 2 °C.
5.2 Filter, resistant to the solvents used, with a pore size of 10 ym to 12 um.

5.3 Microscope, with a magnification of 500x to 1 000x. Objectives for oil immersion can be used.
When using-ethidium-bromidethe-microscope-shall-have fluorescence-equipment.

5.4 Microsyringe, for dispensing a fixed volume of 0,01 ml of milk, with a maximum tolerance of 2-%-
5.5 Micrometer, to be certified.

5.6 Slides, premarked with an outline shape (rectangular or circular), with an area of 1.cm?2 + 5 % (95
to 105 mm+), or a standard slide with a template of dimensions 20 mm x 5 mm or having a diameter, 4
11,28 mm.

5.6.1 Selection of slides

Preferably, work with a fixed premarked area or a template, in order to avaid, the recalculation of the workir
factor with @ach counting.

5.6.2 Shapes

For a rectapgular shape, the upper and lower internal widths, on the one hand, and the left and right intg
heights, on[the other hand, should not differ by more than 0;2 mm.

For a circul@r shape, the vertical and horizontal internal’™diameters should not differ by more than 0,2 mm.
6 Sampling

A representative sample should have been sent to the laboratory. It should not have been damage
changed dyring transport or storage.

Sampling i$ not part of the method specified in this part of ISO 13366]|IDF 148. A recommended samj
method is given in ISO 707}IDP 50.

If using autpmatic samplers, they shall have been validated properly.

7 Preparation of test sample

7.1 Storage

Prior to test

ing or preservation, store the test samples at a temperature of 4 °C + 2 °C.

Analyse the test samples within 6 h after sampling. In the case of longer storage, add chemical preservatives
such as boric acid, bronopol or potassium dichromate. The final concentration of boric acid shall not exceed
0,6 g per 100 ml of test sample. The final concentration of bronopol shall not exceed 0,05 g per 100 ml of test
sample. The final concentration of potassium dichromate shall not exceed 0,1 g per 100 ml of test sample.

Store the th

us preserved test samples at a temperature of 4 °C + 2 °C for no longer than 6 days.

For environmental reasons, it is recommended to restrict the use of potassium dichromate to samples that
require a long shelf life only.

© ISO and IDF 2008 — All rights reserved
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7.2 Preparation

Heat the test sample (see 7.1) in a water bath (5.1) set at 40 °C. Mix the test sample carefully. Cool the
sample to the temperature at which the microsyringe (5.4) has been calibrated, for example to 20 °C.

Dilute test samples with an estimated somatic cell count of above 1 000 000 cells/ml with a phosphate buffer
solution (4.2) to obtain a somatic cell count of about 500 000 cells/ml for each diluted test sample.

whdre

d is the dilution factor to obtain an appropriate somatic cell account in the testisample of about
500 000 cells/ml;

Vg is the volume, in ml, of the test sample;
Vy, is the volume, in ml, of the buffer used for diluting the test sample,

Redord the required dilution factor, d, the volume of test sample, 7, (@nd the volume of buffer, |V, used to
obtgin the required dilution.

8 |[Procedure

Prepare, for each test sample, at least two smears and*count the best one (e.g. a smear not dampged by the
dye|ng process). Dip the slides (5.6) in ethanol (of yolume fraction 95 %). Flame and cool.

8.1| Preparation of the smear and staining
Follpw either 8.1.1 or 8.1.2 for preparation of the smear and staining.

NOTE Staining for goats' milk is.described in Annex B.

8.1.1 Preparation of the.smear and staining with Newman-Lampert stain solution

Using the microsyringe (5.4), take 0,01 ml of the test sample (eventually diluted) (see 7.2)] Rinse the
micfosyringe with thé test sample. If necessary, carefully and gently clean the outside of the microsyringe
whi¢h has been\in contact with the test sample.

Plage thé mixture on a clean slide with an area of 1 cm?2 (5.6). Using the needle, spread the fest sample
evenly-over the entire area defined, while ensuring that the area close to the perimeter is evenly covered. Dry

the Emear at room temperature until it is completely dry

Dip the dried smear on the slide in the modified Newman-Lampert stain solution (4.1.1) for at least 15 min. Dry
the smear at ambient temperature.

Then dip the smear gently in tap water until all surplus dye is washed away. Dry again and store with a
protection against dust.

© ISO and IDF 2008 — All rights reserved 5
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8.1.2 Staining with ethidium bromide stain solution and preparation of the smear

Mix 1 ml of the prepared test sample (see 7.2) with 1 ml of ethidium bromide stain working solution (4.1.2.3) in
a reagent tube. Keep the mixture protected from light. Heat the tube in a water bath (5.1) set at 50 °C for
3 min. Cool to room temperature.

Using the microsyringe (5.4), take 0,01 ml of the mixture. Rinse the microsyringe with the mixture. If
necessary, carefully and gently clean the outside of the microsyringe which has been in contact with the

mixture.

Place the mixture on a clean slide with an area of 1 cm? (5.6). Using the needle, spread the mixture evenly

over the en

smear at ro|

8.2 Determination

8.21

Using the n

with milk s

maximum n

tire area defined, while ensuring that the area close to the perimeter is evenly covered. Dry
bm temperature until it is completely dry.

Reading optimization

the

nicroscope (5.3), count the cell nuclei in the obtained smear (8.1.1 or 8.1.2) of fields entirely fjlled
mear only. Choose the best magnification (from 500x to 1 000x),,ih erder to have an ave
umber of 20 cells in each field.

age

The cells ppssess a stained nucleus. The cells generally are 8 um or larger,) Do not count cells less than 4 um
(see Figurel 1). Count fragments only if more than 50 % of nuclear material is visible. Count cell cluster$ as
one, unless|the nuclear unit(s) is (are) clearly separated. See also Figures 2 and 3.
Macrophage PMN Lymphocyte Epithelial cell
8-30 uym 10414 pm 5-10 ym 10-14 pm

The relation petween 90 %.acute mastitis The relation between Nucleus round. Cytoplagma
cytophasma/nhucleus is big. 60%.chronic. The relation cytoplasma/nucleus is weakly stained
Phagocytosis, antigen between small. Nucleous intensively
presentation] secretion cytoplasma/nucleus is stained T helper
chemoattracfants small. Phagocytosis. First T suppressor B cell

line of defense against

mastitis

Figure 1 — Examples of cells

6 © I1SO and IDF 2008 — All rights reserved
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Ny
>
Cell lengths: L1 = 9,79 um and N
L2 =2,77 ym %Q)
e
Figure 2 — Examples of cells from bulk cows' milk (1 000x nification)
\%
(1/000x
magrification)
Celllength: L22 = 9,08 um,; g?= 8,27 um; L24 = 4,95 ym; L25 = 7,39 uym; L26 = 6,37 ym and L27| = 3,58 pm.
% Figure 3 — Examples from cells from bulk cows’ milk
In tihe exam & cluster as shown in Figure 3, five cells have to be counted. L27 is omitted pecause its
dlarweter is han 4 um.
f the method.

countlng

The tra|n|ng and sk|II of the analyst |s the maln critical success factor for a proper performance o

sarrect level of

Generally, cells in milk are distributed according to a Poisson distribution (see Annex C). The minimum
number (N) of cells to be counted in relation to the cell count level, in order to arrive at the listed coefficient of
variation, are listed in Table 1.

For a proper execution of the method, it is essential that the listed minimum number of cells be counted.
Fields and strips to be counted shall be chosen so as to obtain a representative count for the entire smear.

© I1SO and IDF 2008 — All rights reserved
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8.2.2 Counting in successive fields

Count nuclgi in successive fields, in vertical strips in regularly spaced fields (see Figure 4 and Table 1).

Table 1 — Minimum number (N) of cells

Concentration cv N
(x 1 000 cells/ml) % cells
<150 10 100

150 to 250 7 200
250 to 400 6 300

> 400 5 400

about a distance, d|, from the left side. For a circular shape, start from a sufficient distance

d,

from the left side of the horizontal diameter, so as to allow counting of a minimum of,5-fields from thg top

of the gtrip. A distance, d|, of 0,5 mm is suitable for both rectangular and circular shapes.

the border of the template, adjust the field to the border of the smear.

of the template (the latter should not appear in the field). In the caselof an uncovered surface

he upper or lower edge of the field circumference tangentially onto\the internal upper or Iqwer

near

bving counted the first field, move the objective with a fixed space distance, d, down or up tq the

next graduation in the direction of the lower or upper edge and count the new field. A distance, dy, of

Then move the objective to the tight by a distance, d,, (e.g. d,, = 1,5 mm or d,, = 2 mm depending o

5 considered appropriate.

. Choose between the following two options.
tion 1: The latter field is not to be counted,
tion 2: If the lower or upper border-appears and it fills less than half the field surface, countin
rformed after moving up the objective until the border disappears again completely from the f
ich then only covers smear.

I of fields needed), and start a new strip in the opposite direction (top or bottom).

from b) to e) untilthe right side of the template is reached.

an insufficient number of fields is counted (see Table 1), supplementary fields can be counted
focus the)microscope objective on other locations (e.g. by changing the starting place an

represTntative of the entire smear.

g the ‘step-by-step moving distances) so as to obtain appropriate field numbers that

he last field counted, repeat the operation in c), until the opposite side (bottom or top) of the strp is

gis
eld,

the

. To

d/or
are

Calculate the result as described in 9.1 for a rectangular shape, or that described in 9.3 for a circular

a) Starta
b) Place
border
c) Afterh
Tmmi
d) From
reache
pe
wh
e)
numbe
f) Repea
g) Incase
do this
adaptin
h)
shape.
NOTE

With rectangular shapes, 5 fields spaced at 1 mm are possible in vertical strips and 10 strips spaced at 2 mm,

making it possible to count 50 fields. Approximately the same field number is obtained with circular shapes, using the
same distances. The distances of shifts (spaces) are measured from the same location on the fields with the vernier
(adjustment on the upper or lower edge) so that they include the field diameter.

© ISO and IDF 2008 — All rights reserved
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8.2.3 Rectangular-shape counting by bands

Count nuclei in regularly spaced vertical bands (see Figure 5 and Table 1):

a) Start at about a distance, d|, from the left side. A distance, 4|, of 0,5 mm is considered appropriate.

b) Start to count from the upper or lower border of the rectangular area. Place the border of the area in the
middle of the microscope field. After having counted all the cells, move the objective in the direction of the
opposite border and count all the cells that appear in this band until the opposite border is reached.
Record the number of cells counted.

c) [Then move the objective 1o the right with a distance, d,,, and start counting a new band (e.g] d,, = 3 mm
to 4 mm, depending on the number of bands needed for a representative counting of the whol¢ smear).

Regdeat b) and c) until the right side of the template is reached.

In dase an insufficient number of bands is counted (see Table 1), supplementary bands can be|counted. In
this| case, focus the microscope objective on other locations (e.g. by changing’the starting place and/or
adapting d,,) so as to obtain appropriate bands that are representative of the entire-smear.

Calgulate the result as described in 9.2.

dH =1 mm

dL =05 mm

d=05mm

ﬁ
]

—+()—
O=C==0)

—O—0+0-
—0—-010
—0—010—0
—o—0—o—-qf

E

O—O—O10—

L\Q_M_ @=C )

Key

1 down until lower edge

Figure 4 — Vertical strips in regularly spaced fields for a circular or rectangular shape
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Supplementary bands
when necessary

Vit

-
o

'J

when necessary

the

(1)

¢
.J J= e
— T\ N
Figure 5 — Regularly spaced vertical bands

9 Calcylation and expression of results
9.1 Rectangular shape counting in successive fields
Check the [20,0 and 5,0 mm target values for the length, Lg, and the/width, W, of the smear, using
graduationd and vernier of the microscope.
Calculate the total concentration, ¢, of cells by using the following.€quation:

o Wq x Lg% Ny y 1

De\2
T X (Tf) X N¢x Vi
or
Ny 1
c= X| —x—
Al
or with the ¢onstant working factor, f,,
WsxL
Jw = S 2 .
Dy
e

where

¢ is the total concentration, expressed in number of cells per millilitre;

W is the width, in millimetres, of the smear,

Ly is the length, in millimetres, of the smear;

N; s the total number of cells counted;

Ds is the diameter, in millimetres, of the microscope field;
10 © 1SO and IDF 2008 — All rights reserved
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Chg
verr

Cal

or

with

whdg

The)

9.3

Chd

Cal

or
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N; is the number of fields counted completely;

m is the volume, in millilitres, of the test sample smeared (see 8.1.1 or 8.1.2) [if the modified Newman-

Lampert stain working solution was used for staining (8.1.1), ¥, = 0,01 ml. If the ethidium bromide

stain solution was used for staining (8.1.2), V,;, = 0,005 ml];

d is the dilution factor used in 7.2. (If no dilution is required, d = 1; with a 1:1 dilution, d = 0,5.)

Rectangular shape counting in bands

ier of the microscope.

tulate the total concentration, ¢, of cells by using the following equation:

WSXNt 1

cC=——""
DfXNbXVm d

el

the constant working factor, £,

WS
DfXVm

Jw =

re N, is the number of bands counted completely.

other symbols are defined in 9.1.

Circular shape counting.in-successive fields
ck the 11,28 mm diameter of'the smear, using the graduations and vernier of the microscope.
tulate the total concentration, ¢, of cells by using the following equation:

D2 xNe )~ 1
c=—7"—Fx—
DfZXNfXVm d

(N, 1)

with

1

C = X — X —
Jw LNf dJ
the constant working factor, £,

D.?
fu=—gt—
Df XVm

where D, is the diameter, in millimetres, of the smear.

The

other symbols are defined in 9.1.
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9.4 Expression of results

Express the test results in whole figures of thousands (for example: express 401586 cells/ml as

402 000 cells/ml).

10 Precision

The values for the repeatability and reproducibility were derived from the result of an interlaboratory test
carried out in accordance with ISO 5725-1 and ISO 5725-2. Details of this interlaboratory test are summarized

in Annex A.

The values|derived from this interlaboratory test may not be applicable to concentration ranges and matn

other than those given.

10.1 Repeatability

The absolufe difference between two independent single test results, obtained using the same methog
identical tegt material in the same laboratory by the same operator using the same.equipment within a s
interval of time, will in not more than 5 % of cases be greater than the values givenin Table 2:

10.2 Reproducibility

The absolute difference between two (single test results, obtained using the same method on identical
material in glifferent laboratories with'different operators using different equipment, will in not more than 5
cases be greater than the values given in Table 3:

Table 2 — Repeatability values

Concentration
(x 1 000 cells/ml)

Sy

(x 1 000 cells/ml)

r

(<"1 000 cells/ml)

245
455
679
791

38
43
69
110

107
121
192
308

Table 3 — Reproducibility values

12

Concentration Sp R
(x 1 000 cells/ml) (x 1 000 cells/ml) | (x 1 000 cells/ml)
245 41 114
ABE 82 174
679 78 218
791 110 308

ces

on
hort

test
o of
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11 Test report

The test report shall specify

a)
b)
c)

d)

e)

all information necessary for the complete identification of the sample;
the sampling method used, if known;

the test method used, with reference to this part of ISO 13366|IDF 148;

all npprqﬁng details nat Qpprifind in this part of 1ISQ 1??RR!IDF 148 qr rpgnrdpd as npﬁnnnly fngether with

details of any incidents which may have influenced the test result(s);

the test result(s) obtained, or, if the repeatability has been checked, the final quoted result obtained.
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