Acta vet. scand 1989, 30, 475-481.

Potential of Differential Somatic Cell Counts as Indicators
of Mastitis in Quarter Milk Samples from Dairy Cows

By Ulf Emanuelson and Paul Wever

Swedish Association for Livestock Breeding and Production, Eskilstuna, and Department of
Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden.

Emanuelson, U and P. Wever: Potential of differential somatic cell counts as indi-
cators of mastitis in quarter milk samples from dairy cows. Acta vet. scand. 1989,
30, 475-481. - Bacteriological status, somatic cell counts and proportions of lymp-
hocytes, granulocytes and monocytes were determined 1n 1,659 quarter milk sam-
ples from 39 dairy cows. Discriminant analysis was performed in order to assess
the abulity of total and differential somatic cell counts and combinations of total
somatic cell count and each of the differential cell counts, to discriminate between
infected and pathogen-free quarters, as well as between quarters infected with mi-
nor pathogens and quarters infected with major pathogens. Total somatic cell
count classified 82.9% of all quarters correctly with respect to bacteriological sta-
tus. Differential somatic cell count was less effective than total somatic cell count
in discriminating between infected and pathogen-free quarters, as well as between
quarters infected with minor vs. major pathogens. Combination of total and dif-
ferential somatic cell counts did not improve the rate of correctly classified quar-
ters. Inclusion of demographic data into the discriminant function increased the
number of quarters correctly classified, mainly through an increase in the propor-

tion of correctly classified infected quarters.
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Introduction

Mastitis is generally thought to be the most
costly disease of dairy cattle. The financial
losses are chiefly attributable to direct milk
losses, discarded milk, treatment of clinical
cases and culling of animals. From an eco-
nomic point of view, but also from an ethical
one, it must be of great value to reduce the
incidence of mastitis. To achieve this, it is
necessary to identify the health status of in-
dividual cows. Many parameters have been
tested for suitability as indicators of masti-
tis, e.g. somatic cell counts, adenosine trip-
hosphate,  N-acetyl-B-D-glucosaminidase,
bovine serum albumin, antitrypsin, electri-
cal conductivity, and lactose content (e.g.
Renner 1975, Honkanen-Buzalski & Sand-

holm 1981, Fernando et al. 1982, Sheldrake
et al. 1983a, Emanuelson et al. 1987, Heu-
ven 1987). The somatic cell count (SCC) has
so far been the most widely used parameter
and it is an established and reliable procedu-
re well adapted for mass analyses.

One source of information that may supple-
ment the SCC in indicating mastitis is the
proportional distribution of different cell
populations, i.e. the differential cell count,
since it is known to change upon infection. It
is generally agreed that the predominant cell
type in milk from healthy cows is the mono-
cyte (Lee et al. 1980, McDonald & Anderson
1981, Fox et al. 1985) and that large numbers
of polymorph nuclear neutrophils enter the
mammary gland when it becomes infected

Acta vet scand vol 30 no 4 - 1989



476 U. Emanuelson & P Wever

(Jain et al. 1971, Jain 1976, Paape et al.
1979).

The differential somatic cell count (DCC)
has been investigated earlier with respect to
its usefulness in discriminating between
healthy and mastitic quarters and cows
(Blackburn et al. 1955, Sheldrake et al. 1977,
Hoare et al. 1980, Meek et al. 1980, Dohoo
et al. 1981), but the results have been rather
variable. However, the differential cell
count used in most studies has been based on
cell volume distribution, which does not give
a true differentiation in different cell types.
Improved equipment, giving a more accura-
te and rapid differentiation between cell po-
pulations, and a drop in price of such equip-
ment, has led to a renewed interest in diffe-
rential somatic cell counting for use in field
applications.

The objective of the present study was to in-
vestigate the possible advantages of using
the DCC as mastitis indicator over the use of
total SCC only. The value of including de-
mographic variables in the discrimination
process was also investigated.

Materials and methods

Total somatic cell counts (SCC) and diffe-
rential somatic cell counts (DCC) were deter-
mined in 1,659 quarter milk samples with
confirmed bacteriological status. The milk
samples originated from 39 dairy cows sam-
pled at weekly intervals during 2 periods
(November 1981-June 1982 an October
1982-May 1983). SCC and DCC were deter-
mined with the two-colour flowcvtometry
method as described by Hageltorn & Saad
(1986). The SCC was measured in 1000 cells
per ml and transformed to a log scale with
base 10 (LSCC) in order to normalize the di-
stribution. The DCC was the proportion (%)
of lymphocytes, granulocytes and monocy-
tes in the total cell population (denoted as
LYM%, GRAN% and MONUY%, respective-
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ly). Samples were classified according to
their bacteriological status as pathogen-free
(NI), infected with minor pathogens (MIP),
or infected with major pathogens (MAP).
Further details on material and methods can
be found in Wever & Emanuelson (1989).
Discriminant analyses were performed in or-
der to determine how well LSCC, GRAN%,
MON% and LYM% and combinations of
LSCC with each of the DCC discriminated
between infected (MIP and MAP) and pa-
thogen-free (NI) quarters and also between
MIP and MAP quarters. The effect of inclu-
ding somatic cell counts and differential cell
counts taken 1 and 2 weeks previous to
LSCC and DCC (LSCC1, LSCC2, LYM1%,
LYM2%, GRANI1%, etc.) in the discrimi-
nant function was also studied. Since it is
well known that LSCC - and, to a lesser ex-
tent DCC - are affected by systematic in-
fluences (e.g. Wever & Emanuelson 1989),
the effect of including demographic varia-
bles (parity, stage of lactation, period of
sampling and month of sampling) in the dis-
criminant function in addition to LSCC and
DCC was studied as well. The discriminative
potential was scored as the percentage of
samples in each bacteriological group that
was correctly classified and the overall per-
centage of samples that was correctly classi-
fied. All discriminant analyses were perfor-
med with the procedure DISCRIM of SAS
(SAS Institute Inc. 1985).

Results

Overall means and standard deviations for
LSCC and DCC for the different bacteriolo-
gical classes are given in Table 1. MAP sam-
ples had highest, N1 samples lowest and MIP
samples intermediate LSCC. The major cell
type in NI samples was the monocyte, whe-
reas the granulocyte was predominant in
both MIP and MAP samples. The lympho-
cyte was the least frequent cell type in all
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Table 1. Number of observations (N), means (x) and standard deviations (SD) for log somatic cell counts
(LSCC) and proportions of lymphocytes (LYM%), granulocytes (GRAN%) and monocytes (MON%) in
groups of quarter milk samples with known bacteriological status !.

Group of LSCC LYM% GRAN% MON%
samples N X SD X SD X SD X SD
ALL 1659 2.4 .6 15.9 10.4 39.2 16 0 44 8 17.7
NI 1249 2.2 4 15.2 10.1 36 8 16.8 48.0 151
1 410 3.0 .6 18.1 11.0 46.7 16.3 35.2 16.7
MIP 338 2.9 .5 18.2 10.9 46 5 15.5 353 15.0
MAP 72 3.6 .6 17.4 11.5 47 8 218 349 21.2

' See main text for description of groups of quarter milk samples.

groups, although somewhat more common
in infected samples.

No discrimination between MIP and MAP
samples was obtained with any of the DCC
variables: all samples were classified as MIP.
LSCC, however, discriminated between
MIP and MAP samples with an overall clas-
sification rate of 86%, while 96% and 38%
of MIP and MAP samples, respectively,
were classified correctly.

LSCC was superior to each of the DCC in
discriminating between infected and patho-
gen-free samples (Table 2). This was mainly
due to a much greater percentage of correct-
ly classified infected samples. None of the
combinations of LSCC with DCC vyielded a
higher overall classification rate than LSCC

alone, although the percentage of correctly
classified infected samples increased slight-
ly.

Table 2 also gives the effects of including pa-
rity, stage of lactation, and period and
month of sampling in the discriminant func-
tion. The inclusion of these variables increa-
sed the proportion of correctly classified in-
fected samples. However, since the majority
of the samples (75%) were NI, it had little
beneficial effect on the overall classification
rate.

Combining the LSCC taken on the sampling
day with LSCC1 and LSCC?2 increased the
proportion of correctly classified infected
samples, but not the overall classification ra-
te (Table 3). An even larger increase in cor-

Table 2. Proportions (%) of all samples (overall), pathogen free samples (NI) and infected samples (1) correctly
classified by discriminant functions, including total and/or differential somatic cell count variables.

Demographic variables =

Demographic variables

excluded ncluded
Variables'! NI I Overall NI 1 Overall
LSCC 93.9 49.5 82.9 93.4 62 4 85 R
LYM% 98.1 2.7 74.5 93.7 194 754
GRAN% 95.5 11.7 74.8 93.3 38.% 79.9
MON% 96.2 15.6 76.3 90.8 43.7 79.2
LSCC, LYM% 93.0 51.2 82.7 92.6 62.7 853
LSCC, GRAN% 93.8 49.5 82.9 92.8 62.2 85.3
LSCC, MON% 93.4 49.8 82.6 92.7 65.4 86.0

! See main text for description of variables.
2 Demographic variables were parity, stage of lactation, period and month of sampling
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Table 3. Proportions (%) of all samples (overall), pathogen free samples (NI) and infected samples (I) correctly
classified by discriminant functions for combinations of present and previous total and/or differential somatic

cell count variables.

Variables ! NI 1 Overall
LSCC 93.9 49.5 82.9
LSCC, LSCC1 92.3 53.2 82.7
LSCC, LSCCI, LSCC2 91.3 57.3 82.7
LSCC, MON% 93.4 49.8 82.6
LSCC, MON%, LSCC1, MONI1% 91.5 57.1 83.0
LSCC, MON%, LSCC1, MON1%, LSCC2, MON2% 91.2 66.1 84.9

! See main text for description of variables.

rect classified infected samples was achieved
when the combination of LSCC and MON%
was supplemented with LSCC1, MON1%,
LSCC2 and MON2% (Table 3). Similar re-
sults were found for combinations of LSCC
and the other DCC variabiles.

All NI and I quarters were randomly divided
into 2 subsets containing 873 and 786 sam-
ples respectively, in order to test the discri-
minant function on a material that was not
used to develop the function. Discriminant
analyses with LSCC and LSCC plus demo-
graphic variables were rerun on the first sub-
set in order to obtain a classification func-
tion. This function was subsequently used to
classify samples in both the first and the se-
cond subset. Overall classification rates with
only LSCC in the function were 83.0 and
83.3 for the 2 subsets and the percentages of
correctly classified infected samples were
50.7 and 53.9, respectively. These figures
were somewhat higher than in the complete
dataset (Table 2). Classification rates for the
2 subsets, with LSCC and demographic va-
riables in the function, were also similar to
those obtained for the complete dataset.

Discussion

An indirect differentiation of cells, based on
cell volume, has been used in most studies on
differential somatic cell counts as mastitis
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indicator. (Sheldrake et al. 1977, Hoare et
al. 1980, Meek et al. 1980, Dohoo et al.
1981). The cell volume class most commonly
used in these studies has been shown to con-
sist mainly of neutrophils (Newbould 1978),
but neutrophils have also been shown to ap-
pear in other cell size classes (Hoare et al.
1980). Consequently the indirect differentia-
tion of cells, based on cell volume, is not ve-
ry exact and a more accurate differentiation
of cells was expected to improve the discri-
mination of mastitic quarters.

However, this study clearly shows that
DCC, i.e. the proportional distribution of
different cell populations, was less effective
than LSCC in differentiating between infec-
ted and pathogen-free samples, as well as
between MIP and MAP samples. In con-
trast, results from Hoare et al. (1980) and
Meek et al. (1980) indicated that the diffe-
rential cell count was more effective in diffe-
rentiating between infected and pathogen-
free quarters than was the total somatic cell
count. Hoare et al. (1980) also found a good
discrimination, based on either differential
or total somatic cell counts, between MIP
and MAP quarters in one herd. However,
their results were similar to those obtained
here, when another herd was studied.

The present results show that very little was
gained in overall classification rate by inclu-
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ding DCC in the discriminant function, once
LSCC was already included (Table 2), despi-
te a more accurate differentiation of somatic
cells. The results closely agree with findings
of Blackburn et al. (1955) and Dohoo et al.
(1981). Hoare et al. (1980), however, found
that the probability of misclassifying quar-
ters decreased if LSCC was supplemented by
information on cell volume distribution.
The findings reported earlier by Newbould
(1978) and Wever & Emanuelson (1989) that
DCC are to some extent affected by systema-
tic factors, suggest that such factors must be
considered when DCC is used to indicate
mastitis. This is supported to a degree by the
results presented here, showing an increased
proportion of correctly classified infected
samples when demographic variables are
included in the discriminant function (Table
2). However, the increase in overall classifi-
cation rate was small, which is in agreement
with Dohoo et al. (1981) and Sheldrake et al.
(1983b).

An increase in the proportion of correctly
classified infected quarters was also achie-
ved by incorporating 2 previous weekly
LSCC and DCC in the analysis (Table 3).
Meek et al. (1980) also showed that it was ad-
vantageous to include previous SCC and
DCC variables. The inclusion of both demo-
graphic and previous cell count data, if
available, may result in small improvements.
For example, did the inclusion of demograp-
hic data in the discriminant function with
present and previous LSCC and MON%, re-
sult in an overall classification rate of 86.1
and a proportion of correctly classified in-
fected samples of 70.3, i.e. an increase of 1.2
and 4.2, respectively.

The results presented here clearly show that
the total somatic cell count was superior to
DCC as an indicator of mastitis and that the
proportional distribution of different cell
populations gave little extra information

once the total somatic cell count was availa-
ble. It must be kept in mind, though, that
these results refer to only 1 herd and that
Hoare et al. (1980) found large differences in
classification rates between the 2 herds they
studied. It is possible that differences be-
tween herds in incidences and in species of
bacteria, as well as in the response to similar
infections, may affect the comparisons of
SCC and DCC. Further studies using the
more accurate differentiation of cell popula-
tions based on a larger material with several
herds is therefore strongly advocated.

The present study concerns the use of total
and differential somatic cell counts for diag-
nostic purposes and SCC is apparently to be
favored in this respect. However, DCC may
prove to be more valuable for other purpo-
ses, such as in breeding for resistance against
mastitis. It is conceivable that not only the
quantity of cells, but also their functionality,
should be taken into account. DCC may be
valuable for this purpose, since each cell ty-
pe has its own more or less specific function
in the immune response.. DCC may also ser-
ve as a valuable tool whéen different biologi-
cal processes in the udder are studied, e.g.
the involution of the mammary gland and
the healing of the udder after a bout of clini-
cal mastitis. More research is needed on dif-
ferential somatic cell counting and its use for
different purposes, in order to obtain full
benefit from the information that is contai-
ned in it. )
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Sammandrag

Differentierad cellhalt som indikator pé mastit 1 ju-
verfjardedelsprov.

Bakteriologisk status, total cellhalt samt proportion
lymfocyter, granulocyter och monocyter (differen-
tierad cellhalt), bestamdes 1 1659 juverfjardedels-
prov fran 39 kor. Formagan hos total och differen-
tierad cellhalt, enskilda och 1 kombination, att skilja
dels mellan infekterade och icke infekterade juverde-
lar och dels mellan juverdelar infekterade med hog-

patogena och lagpatogena bakterier skattades med
diskriminantanalys. Basta resultatet erholls med
hjalp av total cellhalt, som klassificerade 82.9% av
alla yuverdelsproven korrekt med avseende p4 bakte-
rieforekomst. Differentierad cellhalt gav samre re-
sultat bade vid klassificering av infekterade och icke
infekterade juverdelar och vid klassificering av ju-
verdelar med hog- respektiva lagpatogena bakterier.
Kombinationen av total och differentierad cellhalt
okade inte proportionen korrekt klassificerade ju-
verdelar namnvart, jamfort med vad som erholls
med enbart total cellhalt. En okning i proportionen
korrekt klassificerade juverdelar, framforallt av an-
talet korrekt klassificerade infekterade juverdelar,
erholls nar man tog hansyn till systematiska faktorer
sdsom laktationsnummer, laktationsstadium och
sasong.
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