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ABSTRACT

The aim of this study was to assess the usefulness 
of measures derived from milk leukocyte differential 
(MLD) in practices that improve fresh cow mastitis 
monitoring and decrease mastitis incidence. Quarter 
milk samples were collected from Holstein and Jersey 
cows on d 4 and 11 postcalving. Samples were analyzed 
using MLD, whereby cell counts and quarter infection 
diagnosis were obtained. Measures derived from MLD 
included cell scores (total leukocyte, neutrophil, macro-
phage, and lymphocyte scores), cell proportions (neu-
trophil, macrophage, and lymphocyte percentages), cell 
thresholds (total leukocyte, neutrophil, macrophage, 
and lymphocyte thresholds), and MLD diagnosis at dif-
ferent threshold settings (A, B, and C). Microbiological 
culturing of milk samples was used to determine infec-
tion status to compare the MLD diagnosis and serve 
as an indicator of infection. Measures derived from the 
microbiological analysis included occurrence of major 
pathogens, minor pathogens, and infection. Data analy-
sis was based on a linear mixed model, which was used 
on all measures for the estimation of the fixed effects 
of breed, lactation number, day of sample collection, 
time of sampling, and quarter location, and the random 
effects of animal and week of sampling. All the fixed 
effects studied were significant for one or more of the 
analyzed measures. The results of this study showed 
that MLD-derived measures justify further study on 
their use for management practices for mastitis screen-
ing and prevention in early lactation.
Key words: mastitis incidence, mastitis management, 
milk leukocyte differential

INTRODUCTION

Mastitis is well known as a cause of economic loss, 
due to reduced production, diagnostic and treatment 

costs, and premature culling of cows (Halasa et al., 
2007). The disease includes both clinical mastitis as 
well as subclinical mastitis. Mastitis has profound ef-
fects on many aspects of dairy production because of its 
association with decreased yields and changes in milk 
quality and composition (Bobbo et al., 2017). Subclini-
cal mastitis is especially concerning because it often 
remains undetected due to the lack of external symp-
toms while the underlying infection and its effects per-
sist. Somatic cell count is one of the most widely used 
monitoring tools for mastitis (Damm et al., 2017). This 
measurement quantifies the total number of somatic 
cells in milk (cells/mL) and is used to evaluate udder 
health, milk quality, and severity of infection, with cell 
count levels at or above 100 × 103 cells/mL generally 
indicating inflammation (Schwarz et al., 2011b; Hand 
et al., 2012; Bobbo et al., 2017). However, quantifica-
tion of the different cell types and their proportions 
is not possible using SCC alone. For this purpose, the 
milk leukocyte differential (MLD) has been developed. 
Milk leukocyte differential is a tool used to identify 
and quantify the somatic cells in milk that have roles 
related to the immune response in the mammary gland. 
By enabling the monitoring of changes in cell propor-
tions, it can be used to detect inflammation in the early 
stages of infection before SCC levels become alarming 
(Pilla et al., 2012, 2013). Research to determine the 
merit of MLD measures and their possible advantage 
over SCC measures for diagnosing mastitis has been 
scarce so far. Therefore, the objective of this study 
was to evaluate MLD measures for use in management 
practices that improve subclinical mastitis screening in 
early lactation.

MATERIALS AND METHODS

Animals

Animal use was approved by the North Carolina State 
University (NCSU) Institutional Animal Care and 
Use Committee. Quarter milk samples were collected 
from enrolled recently calved dairy cows on both d 4 
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and 11 postcalving (calving date treated as d 0) from 
December 2016 to November 2017. The study included 
a total of 127 animals from the Holstein (HO, n = 82) 
and Jersey (JE, n = 45) breeds ranging from lactation 
1 to 6. Cows were housed at the Dairy Education Unit 
at NCSU. The herd had an average milk yield of 11,762 
kg/yr and an average bulk tank SCC of 177,000 cells/
mL during the study. Animals were fed a TMR of corn 
silage, sorghum silage, grass hay, soy hulls, citrus pulp, 
and grain mix. Dry cows had free access to pastures 
or freestalls at their discretion, while the milking herd 
had limited access to pastures and were milked twice a 
day at a 12-h interval in a double-10 parallel milking 
parlor. Cows treated with antibiotics from the period 
of a month before calving to d 4 postcalving or treated 
between d 4 and 11 postcalving were not eligible for 
the study.

Sample Collection and Analysis

Quarter milk samples (n = 987) were collected either 
during the morning (a.m.) or evening (p.m.) milking 
in quarter-based sampling chambers (Q4, Advanced 
Animal Diagnostics, Inc., Morrisville, NC) for deter-
mination of MLD, and aseptically collected quarter 
milk samples (n = 973) were placed in 13-mL vials 
for microbiological culturing. Due to miscellaneous 
circumstances, 14 samples destined for microbial cul-
turing were lost; consequently, the number of samples 
analyzed with MLD is greater than those cultured. 
Before collection, quarters were aseptically prepared 
using steps outlined by Barnes-Pallesen et al. (1987). 
Samples for microbiological culturing were collected 
from the foremilk after expression of 2 to 3 streams of 
milk, after which the samples for MLD analysis were 
collected. Samples were then transported to the NCSU 
Veterinary College, where samples underwent MLD 
analysis and duplicate samples were frozen at −20°C 
for subsequent microbiological analysis.

Microbiological Analysis

In total, 973 sterile milk samples were collected on 
d 4 (n = 511) and d 11 (n = 462) postcalving. A total 
of 95 samples were found to be contaminated and are 
not reported on further. Samples were analyzed within 
1 wk of collection. Procedures for bacteriologic cul-
ture and identification were consistent with those pre-
viously published (Hogan et al., 1999). Milk samples 
were quickly thawed and shaken for 15 s, and 0.1 mL of 
milk was plated on trypticase soy agar with 5% sheep 
blood (BBL TSA II 5% SB agar; Becton, Dickinson and 
Co., Sparks, MD). Plates were incubated at 36°C and 

examined after 24 and 48 h of incubation. A culture 
was classified as contaminated if growth of 3 or more 
microbial species was observed (Dohoo et al., 2011). 
Noncontaminated cultures were classified as containing 
major pathogen species (MaP), minor pathogen species 
(MiP), or no growth. The major pathogens cultured 
included Staphylococcus aureus, Streptococcus spp., 
Trueperella pyogenes, Enterococcus spp., Pantoea spp., 
coliform bacteria (e.g., Enterobacter aerogenes, Esch-
erichia coli, Klebsiella spp.), Serratia marcescens, and 
miscellaneous fungal species. Minor pathogens included 
Corynebacterium spp., Actinomyces spp., Acinetobacter 
spp., and CNS. Infection classification criteria followed 
previously published methods (Anderson et al., 2010). 
Quarters were classified as infected if they contained 
any MaP at any concentration or MiP at a concentra-
tion of ≥100 colonies/mL. Quarters containing both 
MaP and MiP were classified as containing MaP and 
counted toward the total number of infected quarters.

Milk Leukocyte Differential

Samples were analyzed using the AAD QScout Farm 
Lab (Advanced Animal Diagnostics, Inc., Morrisville, 
NC). Cell counts are reported as total leukocytes, which 
represent the sum of neutrophils, macrophages, and 
lymphocytes. The total leukocyte count differs from 
the SCC in that epithelial cells are not included. The 
instrument also provides a diagnosis for mastitis for 
each quarter, which is reported as positive, negative, 
or borderline. To achieve normality of the data, trans-
formation of cell counts was performed using the same 
equation used to convert SCC to somatic cell score [SCS 
= log2(SCC/100,000) + 3], resulting in scores for each 
cell type (neutrophils, macrophages, and lymphocytes) 
and total leukocytes. The percentage of each cell type 
based on the total leukocyte count was calculated, and 
neutrophil, macrophage, and lymphocyte percentages 
were obtained.

The AAD QScout Farm Lab was evaluated by com-
paring the diagnosis given by the machine with the 
infection status according to microbiological culturing. 
Samples were analyzed using the early lactation setting 
of the AAD QScout Farm Lab, which includes 18 di-
agnostic settings (1–18). Estimates of sensitivity (Se), 
specificity (Sp), and accuracy (Ac) were calculated for 
all settings, and 3 threshold diagnostic settings were 
chosen for further analysis based on the default fac-
tory setting (setting 12, diagA), highest Sp (setting 
18, diagB), and highest Se (setting 2, diagC). Cell 
thresholds that best represented infection status were 
obtained according to published methods (Youden, 
1950), with a receiver operating characteristic curve 
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being used to plot the true-positive rate (Se) and false-
positive rate (1 − Sp) of different cell thresholds for 
every cell type (total leukocytes, neutrophils, macro-
phages, and lymphocytes).

Statistical Analyses

To estimate the effects of breed, lactation, day of 
sample collection, time of sampling, quarter location, 
animal, and week of sampling (week within sampling 
period) on cell score (total leukocyte, neutrophil, 
macrophage, and lymphocyte scores), we used cell per-
centage (neutrophil, macrophage, and lymphocyte per-
centages), MLD diagnosis at different settings (diagA, 
diagB, diagC), pathogen type occurrence (MaP, MiP), 
infection, and infection according to cell thresholds in 
the following model:

 yijklmno = µ + Breedi + Lactationj + Dayk + TODl   

+ Quarterm + IDn(i) + Weeko + eijklmno,

where yijklmno is the investigated measure; µ is the over-
all mean; Breedi is the fixed effect of the ith class of 
breed (i = HO, JE); Lactationj is the fixed effect of the 
jth class of lactation number (j = 1, ≥2); Dayk is the 
fixed effect of the kth class of day of sample collection 
(k = 4, 11); TODl is the fixed effect of the lth class of 
time of day (l = a.m., p.m.); Quarterm is the fixed effect 
of the mth class of quarter location [m = left rear (LR), 
right rear (RR), left front (LF), right front (RF)]; 
IDn(i) is the random effect of the nth class of animal 
within the ith class of breed; Weeko is the random effect 
of the oth class of week of sampling (week within sam-
pling period, 1–48 wk); and eijklmno is the random re-
sidual. Vectors for IDn(i), Weeko, and eijklmno were as-
sumed normally and independently distributed with 
mean equal to 0 and variance equal to the estimated 
variances σc

2, σw
2 , and σe

2, respectively. The model was 
fitted using PROC GLIMMIX in SAS (version 9.4, SAS 
Institute Inc., Cary, NC). F-values and P-values for all 
effects, as well as least squares means estimates, were 
determined using the same procedure, whereby cate-
gorical measures were transformed from the underlying 
liability scale to probability scale using previously pub-
lished methods (Zwald et al., 2006). Statistical signifi-
cance for all effects was considered present at α = 0.05.

RESULTS AND DISCUSSION

Microbiological Analysis

Culture classification and organism prevalence results 
for the remaining samples after removal of contami-

nated samples are reported in Table 1. After incubation 
of the samples, 197 (22.44%) cultures had growth of 1 
or more microbial species, while 681 (77.56%) showed 
no growth. The proportion of cultures showing positive 
growth compared with negative growth is similar to 
that reported by Godden et al. (2017) for early lactation 
but lower than values found in other studies (Jashari et 
al., 2016; Gonçalves et al., 2017). Differences between 
the present study and other studies for the percentage 
of growth-positive cultures may be due to many factors, 
such as differences in sampling strategy, total quarters 
sampled, stage of lactation of sampled animals, crite-
ria for growth classification, volume of milk that was 
plated (0.1 mL), and herd-specific risk factors. Of those 
samples that resulted in growth, 110 (55.84%) were 
classified as containing MaP. Staphylococcus aureus was 
the most prevalent MaP, followed by Streptococcus dys-
galactiae. The percentage of Staph. aureus (23.86%) and 
Staph. aureus dual infections (2.54%) found was higher 
than seen in many well-managed dairy herds, and this 
finding should be considered in assessing the results. 
The remaining MaP were less prevalent and included 
Streptococcus uberis, Klebsiella spp., Escherichia coli, 
Enterobacter aerogenes, Enterococcus spp., Trueperella 
pyogenes, Pantoea spp., and Serratia marcescens. Mi-
nor pathogens were present in 87 (44.16%) of growth-
positive cultures, with CNS being the most prevalent 
MiP found, followed by Corynebacterium spp. Other 
MiP found were Actinomyces spp. and Acinetobacter 
spp. Gonçalves et al. (2017) observed similar results for 
species of microorganisms isolated, frequency of spe-
cific pathogens, and proportion of MaP to MiP. Based 
upon our definition of infection, a total of 167 quarters 
(19.02%) were classified as infected, while 711 (80.98%) 
were classified as not infected. Of those samples that 
were classified as infected, 108 samples (64.67%) were 
from animals at d 4 of sample collection and 59 samples 
(35.33%) were from animals at d 11 of sample collec-
tion. Eighty-nine of the infected samples (53.29%) were 
from animals in their first lactation, which represents 
35% of samples collected, and 78 samples (46.71%) were 
from animals with 2 or more lactations, which repre-
sents 65% of the samples collected. The comparability 
of our infection classification results with other studies 
is complicated by the lack of a widespread consensus on 
the pathogenicity of certain microorganisms, sampling 
and culturing methodologies, and culture classification 
in mastitis research. Our classification scheme is one of 
several that could be used.

Milk Leukocyte Differential

Descriptive statistics for cell counts, cell scores, 
cell percentages, cell thresholds, and MLD diagnosis 
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thresholds are given in Table 2. Milk leukocyte differ-
ential diagnosis was obtained for all 987 quarter milk 
samples, but records for 111 samples were not kept due 
to incomplete information; these samples were classi-
fied as unknown and excluded from diagnosis analyses. 
The results for the evaluation of the AAD QScout 
Farm Lab, using the microbiological culturing infection 
status as the gold standard, were as follows: the first 
threshold setting (diagA) had 44.72% Se, 92.69% Sp, 
and 84.55% Ac; the second threshold setting (diagB) 
had 34.93% Se, 95.40% Sp, and 84.63% Ac; and the 
third threshold setting (diagC) had 60.27% Se, 83.60% 
Sp, and 79.46% Ac. Our estimates are higher for Se 
and similar for Sp compared with those obtained by 
Godden et al. (2017) (Se = 12.7 to 39.1, Sp = 82.1 to 
95.2), who performed a similar study evaluating the 
MLD test using the same machine and duplicate sam-
pling for early-lactation animals. Based on the values 
for Se and Sp of the 3 settings, the “best” threshold 
depends on whether the objective is to decrease the 
number of quarters that are treated without having a 
true IMI (false positives) or the number of quarters 
that are not treated while being infected (false nega-
tives). This investigation is the first published study 
to obtain cell thresholds that maximize both Se and 
Sp and to evaluate their use in mastitis detection. 
The values for cell concentration that maximize the 
Se and Sp, and therefore best represent the difference 
between a positive or negative diagnosis, were obtained 
by calculating the Youden’s index (Youden, 1950) for 
various thresholds of every cell type. The selected cell 
concentration threshold was 162 × 103 cells/mL (Se = 
61.00%, Sp = 80.03%) for total leukocyte count, 93 × 
103 cells/mL (Se = 59.14%, Sp = 83.48%) for neutro-
phils, 56 × 103 cells/mL (Se = 47.56%, Sp = 89.06%) 
for macrophages, and 47 × 103 cells/mL (Se = 56.70%, 
Sp = 84.08%) for lymphocytes. Estimates of Se and 
Sp among cell thresholds are very similar, with total 
leukocyte threshold having the highest Se (61.00%) and 
macrophage threshold the highest Sp (89.06%). The re-
ceiver operating characteristic curve for each cell type 
threshold is illustrated in Figure 1. Cell concentration 
thresholds were also calculated for each breed, with 
thresholds for JE being 207 × 103 cells/mL (Se = 71%, 
Sp = 85%) for total leukocytes, 132 × 103 cells/mL 
(Se = 69%, Sp = 90%) for neutrophils, 47 × 103 cells/
mL (Se = 67%, Sp = 86%) for macrophages, and 47 × 
103 cells/mL (Se = 72%, Sp = 85%) for lymphocytes. 
For HO, the thresholds were 105 × 103 cells/mL (Se = 
65%, Sp = 73%) for total leukocytes, 47 × 103 cells/mL 
(Se = 70%, Sp = 70%) for neutrophils, 42 × 103 cells/
mL (Se = 41%, Sp = 87%) for macrophages, and 22 × 
103 cells/mL (Se = 67%, Sp = 68%) for lymphocytes. 

Further analysis with breed-specific thresholds was not 
done due to the lack of a balanced number of animals 
from each breed group. Thresholds within this article 
were obtained using data available for the current 
analysis. Further research should consider the effects of 
sample size, different herds, and environmental condi-
tions to assess threshold robustness.

In the present study, we did not obtain SCC read-
ings from the milk at sampling for comparison with 
MLD cell measures, particularly total leukocyte count, 
and total leukocyte score. However, D. Nolan and J. H. 
C. Costa (University of Kentucky, Lexington, personal 
communication) have recently found that SCC mea-
sured with SomaCount FC (Bentley Instruments Inc., 
Chaska, MN) and total leukocyte count measured with 
MLD share a high Pearson correlation. Similar results 
were found when both measurements were transformed 
to cell scores. These high correlations may be due to the 
low proportion of epithelial cells, which are included in 
SCC measurements and not in MLD, compared with 
other cells in bovine milk (Boutinaud and Jammes, 
2002; Schwarz et al., 2011a).

Estimation of F-Values, Significance,  
and Least Squares Means

F-value and P-value results as well as least squares 
means estimates are presented in Tables 3 and 4, re-
spectively. The effect of breed was significant for all 
cell score measures considered and for all cell threshold 
measures except lymphocyte threshold. Jersey animals 
had on average higher cell scores and cell threshold 
infection rates; total leukocyte score (JE = 3.24, HO = 
2.68, P = 0.012), neutrophil score (JE = 2.23, HO = 
1.64, P = 0.015), macrophage score (JE = 1.06, HO = 
0.64, P = 0.033), lymphocyte score (JE = 1.02, HO = 
0.42, P = 0.009), total leukocyte threshold (JE = 0.28, 
HO = 0.15, P = 0.020), neutrophil threshold (JE = 
0.25, HO = 0.13, P = 0.025), and macrophage thresh-
old (JE = 0.16, HO = 0.08, P = 0.020). One possible 
explanation for this phenomenon is the difference in 
milk volume produced by these 2 breeds, which would 
cause a higher concentration of somatic cells in Jerseys. 
Breed has previously been found to be a significant 
factor for milk yield, milk and protein composition 
measures, and milk coagulation properties (Bobbo et 
al., 2017; Stocco et al., 2017). Several studies (Abebe 
et al., 2016; Hiitiö et al., 2017) have found differences 
between breeds with regard to health and disease re-
sistance. Abebe et al. (2016) found that the presence 
of mastitis was significantly higher in Holstein × Zebu 
crosses than in purebred Zebu cattle, while Hiitiö et al. 
(2017) reported significantly lower SCC and occurrence 
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of subclinical mastitis and chronic subclinical mastitis 
in the Ayrshire breed than in Holsteins.

The effect of lactation was significant for MaP oc-
currence and infection. Similar to our study, Pilla et al. 
(2012) found that lactation number was not significant 
for any of the cell percentages studied (neutrophils, 
macrophages, or lymphocytes). Animals in their first 
lactation had a higher MaP occurrence (1 = 0.14, ≥2 
= 0.03, P = 0.0002) and infection (1 = 0.26, ≥2 = 0.11, 
P = 0.0007) compared with animals with multiple lac-
tations. These results accord with published findings. 
Compton et al. (2007) found that the risk of clinical 
mastitis in heifers is 3 times as high as that in older 
cows in the early stages of lactation, Barkema et al. 
(1998) found that the incidence rate of clinical mastitis 
was higher in heifers than in cows in the first 2 wk 
of lactation, and Oliveira et al. (2015) reported that 
multiparous cows had a lower probability of developing 
CNS infection as compared with primiparous animals. 
Conversely, other groups have found an opposite ef-
fect of lactation number regarding infection. Hiitiö et 
al. (2017) analyzed 2 decades worth of Finnish health 
monitoring and milk recording data and reported that 
the risk of subclinical mastitis and chronic subclinical 
mastitis increases with increasing parity (i.e., lactation 
number).

The effect of day of sample collection was significant 
for all measures considered in this study with the ex-
ception of neutrophil percentage, MiP, and a positive 
diagnosis using diagB. On d 4 of sample collection, 
animals had on average higher cell scores, lymphocyte 
percentage, cell threshold infection rate, MaP, infec-
tion, and rate of positive diagnosis at diagA and di-
agC, than animals on d 11 of sample collection. For d 
4 and 11, respectively, total leukocyte score was 3.36 
and 2.56 (P < 0.0001); neutrophil score, 2.35 and 1.51 
(P < 0.0001); macrophage score, 1.21 and 0.49 (P < 
0.0001); lymphocyte score, 1.19 and 0.26 (P < 0.0001); 
lymphocyte percentage, 0.23 and 0.22 (P = 0.0150); 
total leukocyte threshold, 0.30 and 0.14 (P < 0.0001); 
neutrophil threshold, 0.25 and 0.13 (P < 0.0001); mac-
rophage threshold, 0.16 and 0.08 (P = 0.0034); lympho-
cyte threshold, 0.24 and 0.12 (P < 0.0001); MaP, 0.09 
and 0.05 (P = 0.0256); infection, 0.21 and 0.14 (P = 
0.0095); diagA, 0.09 and 0.06 (P = 0.0498); and diagC, 
0.25 and 0.12 (P = 0.0022). These results for cell score, 
cell threshold, and diagnosis measures are expected 
because the level of somatic cells, specifically neutro-
phils, is known to be high at parturition and to decline 
gradually during the first weeks of lactation, even for 
noninfected animals (Dohoo, 1993). The elevated oc-
currence of MaP and infection might be due to the 

Lozada-Soto et al.: USE OF MILK LEUKOCYTE DIFFERENTIAL MEASURES FOR MANAGEMENT PRACTICES

Figure 1. Combined receiver operating characteristic curves for cell concentration thresholds.
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persistence of dry period infections, an increased risk of 
infection in fresh animals by opportunistic pathogens, 
or both factors. On d 11, animals had higher macro-
phage percentage (0.28) than those on d 4 (0.25; P = 
0.0017). The changes in cell proportions as they relate 
to SCC increase have been heavily investigated. Pilla et 
al. (2012) found that macrophage percentage was lower 
in early lactation and day of sample collection had a 
significant effect on the percentage. Meanwhile, Damm 
et al. (2017) found a decreasing trend in macrophage 
percentage as SCC increased. Therefore, our results 
may be due to an increase in macrophage percentage as 
a factor of the previously mentioned decline of neutro-
phils and lymphocytes after the first days of lactation.

The effect of time of sampling was significant for neu-
trophil score, neutrophil percentage, and macrophage 
percentage. Samples taken in the morning resulted in 
a higher macrophage percentage (a.m. = 0.28, p.m. 
= 0.25, P = 0.0130), while sampling in the evening 
resulted in higher neutrophil score (a.m. = 1.73, p.m. 
= 2.13, P = 0.0315) and neutrophil percentage (a.m. 
= 0.49, p.m. = 0.52, P = 0.0026). These results reflect 
changes in cell proportion that occur during the day 
and are consistent with the observed diurnal variation 
of cells by Olde Riekerink et al. (2007), specifically 
changes in proportions of neutrophils and macrophages 
post milking. Finally, the effect of quarter position was 

significant for macrophage percentage, lymphocyte 
percentage, MiP, and infection. For these measures, at 
least one quarter had an estimate that differed signifi-
cantly from 1 or more quarters; macrophage percentage 
(LF = 0.29, LR = 0.25, RF = 0.27, RR = 0.25, P 
= 0.0009), lymphocyte percentage (LF = 0.21, LR = 
0.24, RF = 0.22, RR = 0.24, P < 0.0001), MiP (LF = 
0.08, LR = 0.10, RF = 0.05, RR = 0.17, P = 0.0030), 
and infection (LF = 0.15, LR = 0.17, RF = 0.14, RR 
= 0.24, P = 0.0419). Quarter position has been found 
in previous studies to not be significantly associated 
with cell percentages (Pilla et al., 2012, 2013). Find-
ings on the effect of quarter position have been mixed 
(Hammer et al., 2012; Abebe et al., 2016). While Abebe 
et al. (2016) found a significantly higher proportion 
of hind quarters with a positive California Mastitis 
tTest result compared with fore quarters, Hammer et 
al. (2012) reported no significant association between 
quarter position and mastitis occurrence. Although our 
results indicate an effect of quarter location for some 
of the measures studied, the small magnitude of the 
differences between quarters and the lack of apparent 
biological significance leaves this finding inconclusive. 
Furthermore, the implications of a quarter location 
effect for mastitis research and possible biological ex-
planations are yet to be elucidated. Further studies on 
quarter susceptibility are warranted.

Lozada-Soto et al.: USE OF MILK LEUKOCYTE DIFFERENTIAL MEASURES FOR MANAGEMENT PRACTICES

Table 3. Results of ANOVA

Measure

Fixed effect

Breed
Day of sample 

collection Lactation
Time of 
sampling Quarter

Cell score      
 Total leukocytes 6.47** 79.5*** 0.8 2.86 0.68
 Neutrophils 6.09** 76.53*** 0.64 4.64* 0.75
 Macrophages 4.64* 71.93*** 0.34 0.14 0.61
 Lymphocytes 7.06** 90.03*** 0.91 2.49 2.53
Cell percentages      
 Neutrophils 1.41 2.88 0 9.10** 0.72
 Macrophages 1.37 9.95** 0.48 6.20* 5.56***
 Lymphocytes 0.09 5.95* 0.21 0.07 11.39***
Cell thresholds      
 Total leukocytes 5.54* 25.6*** 1.8 0.19 1.0
 Neutrophils 5.16* 16.4*** 2.01 0.56 1.41
 Macrophages 5.41* 8.66** 0.43 0.71 0.48
 Lymphocytes 3.8 19.17*** 1.28 0.02 2.1
Microbial culturing      
 Major pathogen 1.78 5.0* 13.87*** 0.51 0.23
 Minor pathogen 0.07 0.8 1.39 1.97 4.69**
 Infection 0.67 6.75** 11.71*** 0 2.75*
MLD diagnosis1      
 DiagA 1.95 3.86* 0.86 2.31 0.38
 DiagB 2.98 2.30 0.27 0.51 0.15
 DiagC 2.16 18.28*** 0.27 0.42 1.37
1MLD = milk leukocyte differential; DiagA = positive diagnosis threshold setting A; DiagB = positive diagno-
sis threshold setting B; DiagC = positive diagnosis threshold setting C.
*P < 0.05; **P < 0.01; ***P < 0.001.
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CONCLUSIONS

Milk leukocyte differential is a recently developed 
tool for diagnosing mastitis by using the changes in 
somatic cell populations and their overall proportions. 
This method has been found to have high specificity, 
correctly diagnosing quarters that are not infected, 
but it only has moderate sensitivity, as shown by our 
results and those of previously published studies. We 
found that for the measures derived from MLD, signifi-
cant differences exist at the quarter level with regard 
to breed, lactation, day of sample collection, time of 
sampling, and quarter position. These results will aid 
in understanding the differences in somatic cell recruit-
ment as it relates to temporal, spatial, and animal 
variables. Further research must be done to validate 
the results of our study in different populations and 
with pathogen-specific infection before such implemen-
tations are possible.
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