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ABSTRACT

The progressive decrease of mean SCC in dairy herds worldwide is affecting SCC accuracy as a
subclinical mastitis marker. This evidence supports studies aiming to apply differential cell count
(DSCC) as a tool to identify mastitis. Two of the major obstacles to apply DSCC were the
unavailability of high-throughput milk analysers and the cost of these analyses. Recently avail-
ability of high-throughput milk analysers, able to perform a partial DSCC on milk, allowed
designing a study aiming to identify subclinical mastitis in individual milk samples. This paper
reports the result of this first Italian study performed under field conditions. The study consid-
ered 4386 milk test records from four dairy herds with different size, management and milking
management. DSCC data were analysed by ROC procedure. This procedure allows identifying
the threshold giving the highest accuracy and the highest combined value for sensitivity and
specificity, among all the possible thresholds. Among the different ways used to classify milk
samples, the analysis applied to days in milk (three classes) showed the highest mean values for
sensitivity plus specificity, and the value for accuracy was very close to the highest one
observed. At the time of submission, this is the first paper available on peer-reviewed scientific
journals reporting the evaluation of DSCC as a marker for subclinical mastitis on individual milk
samples collected during routine milk test. The results will help the improvement of mastitis
diagnosis and will help dairy farmers to increase the levels of herd management and efficiency.

HIGHLIGHTS

e At the time of submission, this is the first paper available on peer-reviewed scientific journals
on the evaluation of DSCC as a marker for subclinical mastitis on individual milk samples.

e The analysis of data showed as DSCC has not consistent performances, confirming the pres-
ence of confounding factors such as parity and days in milk.

e The thresholds calculated on samples classified by days in milk (three classes) showed to
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have the overall best test performances with an accuracy of 82.3%.

Introduction

Individual somatic cell count (SCC) represents prob-
ably the most practical and sustainable method to
monitor udder health in dairy cow, despite it has not
the same accuracy as microbiological analysis
(Sargeant et al. 2001; Ferronatto et al. 2018). However,
the progressive decrease of mean SCC in dairy herds
worldwide is further affecting in SCC accuracy as a
subclinical mastitis marker. Currently, a level of
200,000 cells/mL is considered the threshold to iden-
tify subclinical mastitis (Piccinini et al. 2005; Zecconi
et al. 2018), but udder inflammation was observed

even below 100,000 cells/mL (Zecconi et al. 2006;
Merle et al. 2007; Piccinini et al. 2007; Baumert et al.
2009; Schwarz et al. 2011), and nearly half of conta-
gious pathogens have a SCC below 100,000 cells/ml
(Zecconi et al. 2003; Zecconi 2010).

This evidence supports studies aiming to apply dif-
ferential cell count (DSCC) as a tool to identify mas-
titis, alone or in combination with SCC. Two of the
major obstacles to apply this diagnostic procedure
were the unavailability of high-throughput milk analy-
sers, as well as the cost for this analysis. Indeed,
microscopy is the conventional method to perform
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DSCC, but it is time consuming and it has poor repeat-
ability. Flow cytometry is more efficient, but still
unsuitable for analysing more than few dozens of
samples per day, and the cost of the analysis and its
accuracy are still critical points that prevent its appli-
cation outside the research field (Koess and
Hamann 2008).

The technical problems are not the only ones that
need to be solved. Indeed, several studies performed
on mastitis diagnosis with DSCC gave controversial
results (Dosogne et al. 2003; Sarikaya et al. 2005;
Baumert et al. 2009; Schwarz et al. 2011; Pilla et al.
2013). These differences can be related to the different
diagnostic methods applied, to the different milk sam-
ples selected and to the different fractions of milk
considered. Nevertheless, a consensus on the distribu-
tion of cellular types in milk from healthy or diseased
is still not achieved. Consequently, broadly
accepted DSCC procedure suitable to identify
infected/diseased cows is still not available.

This scenario changed very recently with the avail-
ability of high-throughput milk analysers able to per-
form a partial DSCC on milk (Damm et al. 2017) which
is fully integrated in the instruments currently used to
analyse individual milk samples within milk test
recording programmes. The availability of this instru-
ment represents an important improvement in the
field and supports studies aiming to define DSCC
thresholds to identify subclinical mastitis and
infected cows.

The first instrument of this type was installed in
Italy at the end of August 2017 at the laboratories of
Lombardy Regional Breeder Association (ARAL). After
the requested period of training and instrument test-
ing (i.e. calibration, reproducibility, repeatability, etc.),
the equipment was available for practical use at the
end of September. A study was designed aiming to
define DSCC thresholds useful to identify subclinical
mastitis by using individual milk samples and the
effects of potential confounding factors. This paper
reports the result of this first Italian study performed
under field conditions.

cows

Table 1. Characteristics of the herds considered.

Materials and methods
Milk sample collection and analysis

Milk tests were performed by certified methods, cur-
rently applied by Italian Breeders Association (www.
aia.it) at the laboratories of ARAL on Fossomatic 7C
(Foss, Hilleroed, DK). This instrument measures the
milk content of several parameters (i.e. fat, protein,
lactose, casein, SCC). Moreover, it applies Foss DSCC
Method Cell Staining (international patent PCT/
EP2010/065615; Damm et al. 2017). The method
allows us to identify within a milk sample the macro-
phages (MAC) and the combination of polimorphonu-
clear neutrophils (PMN) and lymphocytes (LYM). The
two latter ones are reported as the sum of the propor-
tions of both cellular types, being undifferentiated by
the instrument. Diagnostic characteristics and method
performances were as described by Damm
et al. (2017).

Data collection

The study considered cow milk test records (MTR)
from four dairy herds located in Lombardy Region.
Herds were selected based on their different size and
management characteristics, as described in Table 1.

Statistical analysis

The data were collected in a database including
herdID, cowlD, parity (PAR), days in milk (DIM),
milk yield, SCC and DSCC expressed as proportion (%)
of PMN+LYM on the sum of cells identi-
fied (PMN + LYM 4+ MAQ).

To define the most accurate thresholds, data were
analysed by calculation of ROC curves on Xlstat 2018.3
(Addinsoft, Paris, France). This statistical procedure
allows to represent the evolution of the proportion of
true positive cases (also called sensitivity) as a function
of the proportion of false positives cases (correspond-
ing to 1 minus specificity), and to evaluate a binary
classifier test to diagnose a disease. In our case dis-
ease was defined as a milk sample with >200,000

Herd A B C D
Average cows in milk 165 86 102 87
Breed Holstein, Brown Swiss Holstein Holstein Holstein, Italian Simmental
Milking parlour Rotary AMS Parallel Herringbone
Feeding Total mix ration Free forage, automatic Total mix ration Total mix ration
feeding concentration
Milk destination Cheese Organic Fluid milk Cheese
Average milk production, kg 36.2 326 326 29.2
Average somatic cell count 178,000 206,000 373,000 239,000

AMS: Automatic milking system.


http://www.aia.it
http://www.aia.it

cells/mL (Piccinini et al. 2005; Zecconi et al. 2018).
Table 2 describes the parameters calculated to evalu-
ate DSCC diagnostic test and the abbreviations used
in the text.

The prevalence of subclinical mastitis was calcu-
lated as number of samples >200,000 cells/mL divided
by the overall number of samples within any specific
class considered (i.e. DIM, parity, etc.).

Ethical statement

All the experimental procedures are in compliance
with the art. 2 of EU regulation 2010/63/UE about the
protection of experimental animals.

Results

The study considered 4386 milk test records from four
dairy herds. The overall prevalence of subclinical mas-
titis was 22.5% (985 samples).

DSCC data were analysed by ROC procedure to
assess the accuracy of this new diagnostic technology
in identifying subclinical mastitis. This procedure
allows identifying the threshold giving the highest
accuracy and the higher combined value for SENS and
SPEC, among all the possible thresholds within the full
range of PMN + LYM values observed.

The overall data (Figure 1) show as the threshold
with the best performances is 68.5%. At this value, the
test has an ACC of 0.816, with SENS of 0.763, SPEC of
0831 and AUC of 0.869 (statistically signifi-
cant, a=0.05).

To assess the potential effects of confounding fac-
tor such as DIM and PAR, data were also analysed by
classes; DIM were classified as <100d, 101-200d and
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>200 d, while PAR was classified as 1, 2 and >3
parturitions.

The results of ROC analysis on PAR classes is
reported in Figure 2. Primiparous cows (40.6%) had a
16.9% prevalence of subclinical mastitis, while it was
20.9% in secondiparous cows (28.0%) and 31.7% in
pluriparous cows (31.4%).

The results of ROC analysis on DIM classes (Figure 3)
showed as 37.1% cows in the first period of lactation
(1-100d) had a 17.6% prevalence of subclinical mas-
titis, it was 19.5% in cows with 101-200d (22.6%), and
28.5%. in the last part of lactation (40.3%).

In both analyses, the results showed significantly
different thresholds when compared with the one cal-
culated for the overall samples and significant differ-
ences among the thresholds calculated within each
factor (DIM or PAR).

Based on these results, we verified also the diag-
nostic accuracy of DSCC based on a simplified classifi-
cation of DIM and PAR. Only two classes were
considered for both DIM (1-100d and >100d) and
PAR (1, >1 parturition), then they were combined to
define four classes (primiparous cows up to 100 DIM,
primiparous cows with >100 DIM, pluriparous cows up
to 100 DIM, and pluriparous cows with >100 DIM). The
results (Figure 4) showed, as expected, four different
thresholds that statistically differ among them.

Table 3 reports the summary of all the epidemio-
logical parameters calculated in this study to compare
them in order to identify the most accurate and useful
set of DSCC thresholds applicable to subclinical mas-
titis diagnosis. Data showed as the highest values for
each specific parameters are scattered among the dif-
ferent ways we classified samples. However, ROC ana-
lysis applied to DIM (three classes, Figure 3) showed
the highest mean AUC and the highest mean of the

Table 2. Definitions and abbreviations of the epidemiological measures reported in the text, tables and figures.

Parameter Abbreviation Definition

Sensitivity SENS Proportion of positive cases that are detected by the test, calculated as true posi-
tives/(true positives + false negatives)

Specificity SPEC Proportion of negative cases that are detected by the test, calculated as true nega-
tives/(true negatives -+ false positives)

Lower bound (95%) LB95 Lower limit of the calculated proportion with 95% confidence

Upper bound (95%) UB95 Upper limit of the calculated proportion with 95% confidence

Positive predictive value PPV Proportion of truly positive cases among the positive cases detected by the test, cal-
culated as true positives/(true positives + false positives)

Negative predictive values NPV Proportion of truly negative cases among the negative cases detected by the test,
calculated as true negatives/(true negatives + false negative)

Positive likelihood ratio LR+ This ratio indicates to which point an individual has more chances to be positive in
reality when the test is positive, calculated as sensitivity/(1-specificity)

Negative likelihood ratio LR- This ratio indicates to which point an individual has more chances to be positive in
reality when the test is negative, calculated as (1-sensitivity)/specificity

Accuracy ACC the accuracy of a measurement system is the degree of closeness of measurements
to true value

Area under the curve AUC It is the probability that a positive event is classified as positive by the test given

all possible values of the test. For an ideal model AUC =1
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True positive rate (Sensitivity)

0 0.2 0.4 0.6 0.8 1
False positive rate (1 -Specificity)

THRESHOLD  SENS LB95 UBY95 SPEC LB95 UB95
68.5% 0.886 0.787 0.943 0.791 0.754 0.824
PPV NPV LR+ LR- SENS+SPEC  ACC AUC
0.365 0.981 4.240 0.144 1.677 0.802 0.869

Figure 1. ROC curve calculated on all the milk test record (MTR) considered (4386) without classification. Abbreviations refer to
parameters described in Table 2 and are related to the identification of subclinical mastitis by differential cell counts (DSCC)
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2 1286 66.3 0.762 0.707 0.809 0.833 0.809 0.855 0.547 0.930 4.568  0.286 1.595 0.818 0.857
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Figure 2. ROC curves calculated classifying the samples based on parity. Abbreviations refer to parameters described in Table 2
and are related to the identification of subclinical mastitis by differential cell counts (DSCC)
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Figure 3. ROC curves calculated classifying the samples based on days in milk. Abbreviations refer to parameters described in
Table 2 and are related to the identification of subclinical mastitis by differential cell counts (DSCC)
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P200

True positive rate (Sensitivity)

False positive rate (1 - Specificity)
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PL200

0.6 0.8
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False positive rate (1 - Specificity)

Class MTR Thrizh"ld SENS LB95 UBY5 SPEC LB95 UBY5
PI00 586 69.1 0.886 0.787 0.943 0791 0.754 0.824
P200 1203 69.4 0726  0.665 0.780 0.818 0792 0.841
PLI00 1016 66.3 0.870 0.817 0.909 0.821 0.793 0.846
PL200 1581 64.8 0795 0.756 0.829 0.811 0787 0.833

PPV NPV LR+ LR- SENS+SPEC ACC AUC
PI00 586 0365 0981 4.240 0.144 1677 0.802 0.898
P200 1203 0488 0926 3.991 0.335 1.544  0.800 0.823
PLI00 1016 0562 0960 4.855 0.159 1.691 0.831 0915
PL200 1581 0.642 0903 4216 0.253 1.606  0.807 0.875

Figure 4. ROC curves calculated classifying the samples based on parity (PAR) and days in milk (DIM) (P100: PAR =1DIM <100;
P200: PAR >1DIM >100; PL100: PAR >1DIM <100; PL200: PAR >1DIM >200). Abbreviations refer to parameters described in
Table 2 and are related to the identification of subclinical mastitis by DSCC. PAR: parity; DIM: days in milk; DSSC: differential

cell count.

Table 3. Summary of the parameters calculated to evaluate test performances based on the different methods of sample

classification.

Classification, N classes SENS SPEC PPV NPV SENS + SPEC ACC AUC
Parity (3) 0.765 0.840 0.579 0.924 1.605 0.824 0.868
Days in milk (3) 0.801 0.835 0.573 0.931 1.636 0.823 0.883
Parity and days in milk (4) 0.819 0.810 0.514 0.943 1.493 0.810 0.878
Overall 0.763 0.831 0.567 0.924 1.594 0.816 0.869

Abbreviations refer to parameters described in Table 2 and are related to the identification of subclinical mastitis by DSCC. Bold characters show the
highest value observed for each parameter. DSSC: differential cell counts.

sum of SENS + SPEC, and the value for ACC was very
close to the highest value observed.

Discussion

The importance of DSCC for mastitis diagnosis is con-
firmed by the increasing number of papers on this topic
observed in the last 10-15 years. Most of these studies
were not performed under field conditions, because the

tools available until 2017 did not allow applying DSCC to
a large number of samples and the analyses were rela-

tively expensive. The recent availability of a high-through-

put milk analyser allows to overcome these latter
problems and to apply DSCC to milk samples routinely
collected by ARAL and analysed under field conditions.
At the time of submission, this is the first paper on
a peer-reviewed scientific journal available reporting
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the evaluation of DSCC as a marker for subclinical
mastitis on individual milk samples collected during
routine milk test.

The analysis of data showed as DSCC has not con-
sistent performances among the different methods of
sample classification, confirming the presence of con-
founding factors (DIM and PAR), as suggested
(Dosogne et al. 2003). However, when all the test per-
formance data were compared, the thresholds calcu-
lated on samples classified by DIM (three classes)
showed to have the overall best test performances.
The evidence that the DIM-based thresholds have the
highest value for the combination of SENS + SPEC, the
highest AUC and only 0.001 less than the highest ACC
observed supports the use of this approach. Indeed, it
allows us to have the highest probability of precisely
identify subclinical mastitis, the highest proportion of
true positives and true negatives and nearly the high-
est accuracy in defining udder health. Therefore, val-
ues of 66.3%, 69.2% and 69.3% can be applied to
samples collected from cows having, respectively,
<100DIM, 101-200DIM and >200DIM. These thresh-
old values will give the highest probability to identify
correctly udder health status.

Conclusions

The availability of this new high-throughput milk ana-
lyser opens the way to a series of new studies aiming
to improve the performances of standardised and
automatised milk analyses in detecting subclinical
mastitis and inflammations. Therefore, these results
should be considered as a first contribution to
improve the diagnostic systems available under field
conditions for dairy herds. This will improve the qual-
ity and usefulness of information supplied to dairy
farmers, and it will help to increase the levels of herd
management and efficiency.

Disclosure statement

No potential conflict of interest was reported by the authors.
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