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Differential cell count of milk is a traditional parameter for the evaluation of udder health. The
literature shows great variation in differential cell counts of the milk of healthy mammary
glands: macrophages range from 0% to 80%, lymphocytes from 1.5% to 79.5%, polymorpho-
nuclear neutrophils from 3% to 95%, and epithelial cells from 1% to 19%. We conducted
three studies to seek explanations for such variation. In the first, we evaluated the impact of
polyethylene and glass sampling bottles. The aim of the second study was to compare the
results of differential cell counts performed by three different technicians. The third study
evaluated two methods of smear preparation. When polyethylene plastic bottles were used, the
macrophage population was minimized but lymphocytes remained unaffected. This was shown
by an exemplary flow cytometric analysis using four monoclonal antibodies against three
lymphocyte surface structures. There were significant differences in the differential cell counts of
40 smears made by three technicians despite identical operating procedures. For the sediment
smear, milk was centrifuged once and the sediment spread by eye on a glass slide. For the
‘‘coffee grinder’’ smear method, the sample was subjected to four centrifugations and then
placed on a cover glass in order to spread the sediment using centrifugal force. The coffee
grinder procedure led to a reduction of lymphocytes and an enrichment of polymorphonuclear
neutrophils without affecting the macrophage population. Both methods made it possible to
distinguish different udder health classes. It can be concluded that differential cell counts are a
useful tool for comparing and monitoring udder health only if : samples are taken in a glass
bottle; smears are prepared with the identical technique; and the differential cell counts are
performed by a single person.
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Mastitis diagnosis worldwide is based on the cyto-
bacteriological examination of foremilk samples. Owing
to the relatively large variability of cell counts and micro-
biological diagnosis, this procedure is of only limited
reliability, particularly if it is based on only the analysis of
a single milk sample. Differential cell count provides a
distinct improvement in the reliability of mastitis diagnosis
by the detection of inflammation-related changes in the
milk cell populations. It has been reported that, in contrast
to somatic cell count (SCC) and bacteriology, cytology can
differentiate nonmastitic, early inflammatory and late in-
flammatory animals (Rivas et al. 2001). A flow cytometric
analysis revealed a selective recruitment of T cell subsets,
depending on the mastitis pathogen (Soltys & Quinn,

1999). Aditionally, Leitner et al. (2000) and Pilai et al.
(2001) stated the importance of studying the particular
leucocyte population pattern for each mastitis pathogen.
Apart from the pathogen, the well-documented influence
of lactation stage and number should also be kept in mind
(Blackburn, 1966, 1967; Dohoo et al. 1981; Burvenich
et al. 1995; Morgante et al. 1996; Labohm et al. 1998;
Dosogne et al. 2003). However, the use of differential cell
count as a criterion for mastitis diagnosis requires that the
method be submitted to extensive evaluation. A review of
the literature shows that the variation in the results with
microscopy and flow cytometry as well as the differences
between the two should not be underestimated: macro-
phages (MAC) range from 0% to 80%, lymphocytes (LYM)
from 1.5% to 79.5%, polymorphonuclear neutrophils
(PMN) from 3% to 95%, and epithelial cells from 1% to
19% (Table 1).*For correspondence; e-mail : anke.schroeder@tiho-hannover.de
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In this context, the aim of this paper is to analyse the
variation of differential milk cell count resulting from three
sources: the material of the sampling bottle (study 1); the
subjective interpretation of the technicians performing
the cell differentiation (study 2); and the number of
centrifugations used for smear preparation (study 3).

Materials and Methods

Animals

Ten high-yielding mid-lactation cows in their first to fifth
lactations were selected using data from the Dairy
Performance Test for two studies: the sampling container
material (study 1); and the subjectivity of technicians
conducting the laboratory analysis (study 2). Of the 40
sampled quarters, 23 had SCC of <100 000 cells/ml with
a geometrical mean (Xg) SCC of 23 500 cells/ml. The
Xg SCC of the remaining 17 quarter milk samples was
927 000 cells/ml, the Xg SCC of all sampled quarters was
93 000 cells/ml. Thus, these samples covered a wide range
of SCC.

The impact of the preparation technique (study 3) was
conducted on 39 high-yielding primi- andmultiparous cows
in midlactation, sampled following cytobacteriological

screening on quarter level, according to DVG (German
Veterinary Society, DVG 1994) standards. These data
were grouped according to the udder health status of the
cows as indicated by quarter milk samples (Table 2).
Udder health was defined as proposed by the German
Veterinary Society (DVG 1994) using a threshold of
100 000 cells/ml.

Whenever it was not possible to count 100 cells for the
cell differentiation, the whole data set of those samples
was excluded from further analysis. The milk samples in
group A were free of mastitis pathogens throughout the
cytobacteriological screening and on the sampling day
itself as proven by the cytobacteriological analysis
described below. Therefore group A could be used as
physiological reference.

Milk sampling

Sampling was conducted at the quarter level according to
NMC standards (National Mastitis Council, 1999) during
morning milking. A sample (10 ml) of milk was taken in
sterile glass tubes for cytobacteriologic analysis and
500 ml was handmilked into a glass bottle. For studies
1 and 2, the 500-ml milk sample was gently mixed directly
after milking and transferred in equal parts of 250 ml to

Table 1. A survey of values taken from the literature for differential cell count in milk from healthy udders

Publication

Cell type†

Method% MAC % LYM % PMN % EPI

Paape et al. 1979 0 cow 5 cow 95 cow Microscopy
3 heifer 22 heifer 75 heifer

Lee et al. 1980 80 16 3 1
Paape et al. 1981 60 28 10 2
Kurzhals et al. 1985 63 1.5 34 2.4
Miller et al. 1991 30 24 26 19
Vangroenweghe et al. 2001 35 7 58

Wever & Emanuelson 1989 48 15 37 Flow Cytometry
Östensson 1993 74 14 12
Leitner et al. 2000 13 29 45
Dosogne et al. 2003 10 60 30

†MAC, macrophages; LYM, lymphocytes; PMN, polymorphonuclear neutrophils ; EPI, epithelial cells

Table 2. Grouping of cows and quarters according to somatic cell count (SCC) in study 3

Cows
SCC r 10–3/ml
milk

All quarters
<100

At least one quarter
100–400

At least one quarter
>400

Group A B C
n 13 9 17

Quarters
SCC r 10–3/ml
milk <100 <100 100–400 <100 100–400 >400

Group A B1 B2 C1 C2 C3
n 45 21 12 15 20 33
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two different bottles, one of plastic (polyethylene) and one
of glass.

Cytobacteriology

SCC was determined with a Fossomatic 360 (Foss Electric,
Hillerød, Denmark) in accordance with IDF standards
(International Dairy Federation, 1984); the microbiological
status was evaluated in accordance with NMC standards
(National Mastitis Council, 1999).

Preparation techniques

Milk (200 ml) was diluted with 200 ml phosphate-buffered
saline (PBS). The cream layer and supernatant were
discarded after centrifuging at 1000 g for 15 min. The
cells were then washed three times in PBS and the cell
suspension (CS) was adjusted to a concentration of
4r106 cells/ml. To prepare the ‘coffee grinder’ (CG)
smear, 10 ml of blood plasma was spread on a cover glass
and 40 ml of CS was added. The cover glass was cen-
trifuged at approx. 200 g for 5 s and then glued onto a
microscope slide with the cell side turned upwards. After
air drying, the smear was stained with eosin-giemsa
(Hemacolor, Merck Eurolab GmbH, 64293 Darmstadt,
Germany). The CG technique was used in all three studies.

In study 3, an additional 10 ml of milk from the hand-
milked samples was centrifuged at 1400 g for 10 min, and
the cream layer and supernatant were discarded. One drop
of saline was added and the sediment was spread over
an area of 2 cm2 on a microscope slide. After air drying,
the sediment smear (SS) was stained with toluidine blue
(2 mg/l). This technique was used in study 3 only. A total
of 146 smears were prepared using both the SS and the CG
to evaluate the impact of the preparation technique.

Microscopic differential cell count

Oil immersion was used to count 100 cells, which were
then differentiated into PMN, LYM and MAC. In studies 1
and 3, the cells were counted by only one person, whereas

in study 2 all slides were counted three times by three
different technicians.

Monoclonal antibodies (study 1 only)

Additionally, in order to corroborate the findings for LYM
subpopulations in study 1, flow cytometric analysis was
also performed using four monoclonal antibodies against
three different lymphocyte surface structures. The four
antibodies used were: CC8 (Serotec GmbH, 40210
Düsseldorf, Germany) and CACT83A (Immunology Unit,
School of Veterinary Medicine Hannover, Germany)
against CD4, CC101 (Serotec GmbH) against WC1, and
GB21A (vmrd, Inc., Pullman, WA 99163, USA) against
TcR1-N24.

The secondary antibody was a fluorescein iso-
thiocyanate (FITC)-conjugated F(ab’)2 rabbit anti-mouse
IgG, crossreacting with IgM (Serotec GmbH).

Statistical analysis

Statistical tests were made with the SAS 8 software (SAS,
1999). Data were tested on a normal distribution and a
Greenhouse-Geisser two-factor analysis of variance was
conducted on matching pairs followed by a verification of
the normal distribution of the residues. Multiple compari-
sons were done with the Ryan-Einot-Gabriel-Welsh-Test
with a=0.0125.

Results

Effect of the material of the sampling bottle

Table 3 shows the differential cells counts of the three
technicians and the difference between the results with the
plastic (p) and glass (g) bottles (p–g). The analysis of vari-
ance revealed a general influence of the plastic material,
which led to a reduction of MAC. Microscopic examin-
ation revealed no effects on the LYM due to the material of
the sampling bottle. There were no significant differences

Table 3. Comparison of the differential cell count of milk samples taken in plastic and glass bottles

Cell type†

Technician 1 Technician 2 Technician 3

Material plastic (p) glass (g) plastic (p) glass (g) plastic (p) glass (g)

PMN X±SD 61.37±24.87 58.53±24.70 67.30±18.43 63.56±21.29 67.10±19.20 65.49±20.51
p–g (X±SD) 3.17±10.78 5.33±12.55* 1.58±9.20

LYM X±sd 13.47±13.32 12.00±11.29 14.83±10.99 14.44±13.59 5.10±4.42 5.67±4.99
p–g (X±SD) 1.39±6.41 0.75±7.31 –0.55±6.94

MAC X±sd 23.11±16.42 28.10±16.42 16.63±11.52 21.23±11.70 27.49±17.39 28.38±17.77
p–g (X±SD) –5.21±8.96* –4.08±12.89* –0.88±15.03

n 38 39 40 39 39 39

†MAC, macrophages; LYM, lymphocytes; PMN, polymorphonuclear neutrophils

* P<0.05
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between the samples in the percentage of positive cells or
in the intensity of fluorescence (Table 4).

Effect of the technician performing the cell differentiation

The analysis of variance of the differential cell count
performed by three different persons revealed a general
influence of this factor, and showed that the individual
differences between the persons applied to all cell types
involved (Table 5).

Effect of the method of smear preparation

To include udder health status in the analysis, the data
were divided into six udder health classes (see Table 2).

Mean values of the SS were subtracted from those of the
CG to confirm which cell types were increased or reduced
by a particular method (see Table 6). Application of the SS
for differential cell counting revealed the presence of sig-
nificantly more LYM and fewer PMN in all udder health
groups except one. Significant differences in MAC due to
the two methods were detected only in the case of severe
mastitis (group C3).

Discussion

At present the broad variation in published results on dif-
ferential cell count in milk (see Table 1) makes it imposs-
ible to establish this technique as a tool for monitoring

Table 4. Comparison of the percentage of positive cells (%) and mean fluorescence intensity (Xm) of the lymphocyte antibodies
tested in plastic and glass bottles

Plastic Glass

MAB† CC8 CACT 83A CC101 GB21A CC8 CACT 83A CC101 GB21A

% 31.8±9.9 4.5±3.3 4.6±3.0 12.8±6.5 31.1±10.7 4.9±3.0 5.0±2.7 13.7±6.9
Xm 128.0±18.9 287.3±205.0 305.3±276.8 337.7±73.2 127.0±17.3 346.6±309.3 236.0±151.4 343.4±153.2
n 40 40 39 40 40 40 33 39

†MAB, monoclonal antibody

Table 5. Comparison of the differential cell count performed by three different technicians (T1, T2, T3)

Cell type† Material

Plastic Glass

T1–T2 T1–T3 T2–T3 T1–T2 T1–T3 T2–T3

PMN X±SD –7.08±13.41** –5.32±9.97** 1.88±11.62 –5.09±8.58*** –7.33±8.58*** –1.92±9.98
LYM X±SD –2.03±12.07 8.03±11.92*** 9.85±11.54*** –1.29±7.03 6.66±10.11*** 8.77±11.51***
MAC X±SD 5.33±12.34** –4.97±8.96** –10.18±13.76*** 5.76±9.97 –0.66±10.34** –7.15±11.43***
n 38 39 40 39 39 39

†MAC, macrophages; LYM, lymphocytes; PMN, polymorphonuclear neutrophils

**P<0.01; ***P<0.001

Table 6. Total and differential cell count obtained by sediment smear (SS) and coffee grinder (CG) smear

A† B1† C1† B2† C2† C3†

log SCC/ml 4.35 4.45 4.54 5.36 5.36 5.89

% PMN‡
SS 19.54±17.31 28.90±16.67 47.67±20.16 57.00±12.99 63.35±23.48 62.00±22.70
CG 33.03±20.17 43.15±21.84 66.42±17.35 68.18±14.50 67.00±26.20 79.91±16.07
SS–CG –13.50±17.04*** –14.25±15.34*** –11.07±13.33** –18.75±19.63** –3.65±15.96 –17.91±16.22***

% LYM‡
SS 45.56±22.10 30.14±17.60 26.75±10.38 17.73±8.22 19.75±15.07 16.94±14.39
CG 24.82±15.35 19.20±9.75 11.23±10.99 7.20±3.00 11.05±10.13 6.33±9.42
SS–CG 20.74±17.96*** 10.94±13.67** 10.53±8.43*** 15.52±12.68**** 8.70±9.94*** 10.61±7.91***

% MAC‡
SS 34.53±14.89 36.71±13.46 25.50±14.29 24.40±8.22 16.85±10.31 20.73±10.83
CG 39.05±17.60 34.95±18.54 19.84±8.45 24.53±14.55 21.75±16.65 12.94±8.36
SS–CG –4.52±17.83 1.76±17.07 –0.13±12.56 5.66±14.40 –4.90±13.19 7.79±10.52***
n 45 21 15 12 20 33

† for definitions see Table 2

‡MAC, macrophages; LYM, lymphocytes; PMN, polymorphonuclear neutrophils

**P<0.01; ***P<0.001
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udder health. To evaluate physiological and pathological
changes in the differential cell count, it is important to
analyse the effect of laboratory methods on cell differen-
tiation.

As shown in study 1, this impact began in the milking
parlour with the sampling bottle. The plastic material of
bottles significantly influenced the percentage of phago-
cytes in milk by reducing the number of MAC. This result
can be explained considering that the primary function
of MAC is adherence. Phagocytes, especially macrophages,
adhere even to smooth surfaces like glass (Desiderio &
Campbell, 1980; Lee et al. 1980; Mielke, 1980; Garrouste
et al. 1982; Ellis et al. 1988). Ours is the first study focused
on the actual significance of this MAC property for the
differential cell count in milk.

LYM were not affected by the bottle material probably
because the main function of these cells in the mammary
gland is immunomodulation (Paape et al. 2000; Riollet
et al. 2000).

A factor well known to all laboratory personnel is the
subjective component of the technician at the microscope
(Heeschen, 1975; Kitchen, 1981) and that effect was evi-
dent in the present study. The present results of this paper
demonstrate that it is quite difficult for technicians to dis-
tinguish between MAC and EPI, and between MAC and
LYM, and in some cases also between PMN and LYM.

Another important point was the centrifugation of milk
samples. Literature reports that MAC can be found in the
cream layer and in the supernatant of centrifuged milk (Lee
et al. 1980; Dulin et al. 1982). Whereas today’s standard
method (cytospin) uses a single step, as does the SS, the
preparation of milk samples for flow cytometry in combi-
nation with monoclonal antibodies requires four cen-
trifugation steps. On the other hand, the methods of
Hageltorn & Saad (1986), Miller et al. (1993), Pilai et al.
(2000) and Dosogne et al. (2003) do not include any
centrifugation of the milk at all. But our study showed that
the number of centrifugations significantly influenced the
differential cell count. Interestingly, the population of
MAC was least affected by this factor, which, according to
the literature mentioned above, was unexpected. Further
studies are necessary to investigate this finding further.

The more steps of centrifugation (i.e., the CG method)
there were, the fewer LYM were lost, as these are the cells
with the lowest density. PMN were enriched, although
quite a number of them have phagocytosed milk fat and
are thus less dense, especially in nonmastitic milk (Paape
et al. 1979; Lee et al. 1980).

To permit the best possible comparison of published
results of microscopic evaluations, the material of the
sample bottles should be considered as well as the prep-
aration technique used for microscopic or flow cytometric
cell differentiation. Furthermore, microscopic evaluation
should be performed by only one person. But, as proven
by haematology, the subjective influence of the technician
does not avert the use of differential cell count in routine
diagnosis.

In conclusion, it is difficult to compare scientifically the
differential cell counts of milk obtained by different
methods and/or persons, because the results are influenced
by the material of which the sample bottle is made; the
technician at the microscope; and the method of prep-
aration. When publishing results, one should indicate not
only the method of smear preparation but also the material
of the sampling bottle. Provided that a common definition
of a healthy mammary gland can be found, e.g., a thre-
shold of 100 000 cells/ml as first proposed by Tolle (1970)
and confirmed by Hamann (2002), attention can be turned
to the role of the number of lactations and days in milk as
well as the mastitis-causing pathogen in order to establish
differential cell count as a tool for monitoring udder
health. The differential cell count then could give the op-
tion not only to support bacteriology in identifying the
pathogen but also to define the stage of infection. The
latter is of help in deciding between therapy and culling.
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