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b Department of Veterinary Medicine, University of Fortaleza (UNIFOR), Ceará, Brazil   
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A B S T R A C T   

Systemic parameters and its relationship with Somatic Cell Count (SCC) in dairy cows were evaluated. Cows that 
presented subclinical mastitis (SMC; n = 16) and healthy cows (HC; n = 6) were selected and identified by the 
California Mastitis Test and SCC in milk. SCC results were logarithmically transformed into somatic cell score 
(SCS). HC presented SCS 〈 4.32 while SMC presented SCS 〉 4.32. Milk and blood samples were collected in three 
days: D1 (first day of sampling), D2 (48 h after D1) and D3 (7 days after D1), to determine White Blood Cells 
(WBC), albumin, total protein, total bilirubin and malondialdehyde (MDA). Results were expressed as mean ±
standard deviation. It was considered significant at P < 0.05. The data of SCS on D1, D2 and D3 in SMC were: 6.8 
± 1.7, 6.4 ± 1.8, and 6.3 ± 2.0, respectively. In SMC the MDA (nmolL− 1) were: D1 - 9.3 ± 2.6, D2 - 8.6 ± 2.4, and 
D3 - 11.5 ± 3.5. The MDA on D3 in SMC (11.5 ± 3.5) were increase when compared to HC (6.0 ± 1.3) (P <
0.001). No significant difference was found in WBC, TP, ALB, and TB between groups. It was observed a positive 
correlation between MDA-SCS (ρ = 0.4) and between WBC-SCS (ρ = 0.3) in the SMC group. It was concluded that 
the systemic repercussion damage in the mammary gland promoted by subclinical mastitis in dairy cows can be 
assessed using the MDA and WBC biomarkers.   

Introduction 

The mastitis is one of the most important inflammatory processes in 
ruminants, regarding the losses associated with the decrease in milk 
production, culling, costs with drugs and decrease in the quality of dairy 
products (Bradley, 2002). This pathology manifests itself in two ways 
according to the presentation of clinical signs, which can be clinical 
mastitis, that shows evident signs of changes in milk and/or udder; and 
subclinical mastitis, that can only be detected through laboratory tests 
(Lakshmi & Jayavardhanan, 2016). 

Mastitis is an inflammatory condition of the mammary gland that can 
be caused by chemical, physical or traumatic accidents as well as by 
microorganisms, usually bacteria, which results in tissue damage (Bae 
et al., 2017). This tissue presents several defense mechanisms that 
composes the local immunity, which maintain homeostasis. However, 
when microorganisms manage to overcome these barriers, cellular 
interaction occurs, and soluble inflammatory mediators are released in 
response to the aggression, consequently causing an increase in vascular 
permeability that favors the leukocyte migration from blood to the 
mammary gland, contributing to inflammatory exacerbation (Sordillo, 

2018). 
In recent years, several indicators or biomarkers have been studied in 

order to diagnose mastitis. Among them, we highlight the measurement 
of pH, levels of enzymes, proteins, peptides, milk components, and the 
somatic cell count (SCC), as well as molecular tests, genomics, and 
proteomic analyses, which can be used alone or combined (Chakraborty 
et al., 2019). However, most of these methods are not yet widely used, 
being difficult to access, requiring specialized labor, in addition to 
having a high cost (Sharifi et al., 2018; Singhal, Kumar, Kanaujia & 
Virdi, 2015; Viguier, Arora, Gilmartin, Welbeck & O’Kennedy, 2009). 
However, the combination of diagnostic methods becomes more accu-
rate for the diagnosis of mastitis, with the use of more economically 
accessible methods and applicable to the field for an earlier, faster and 
more accurate diagnosis of this disease (Dasohari, Somasani, Nagaraj & 
Gopala, 2018; Ferronatto et al., 2018). 

Among these biomarkers it can be included the malondialdehyde 
(MDA) which is formed as a product of the peroxidation of unsaturated 
fatty acids and is often used as a marker of lipid peroxidation (Turk et al., 
2017), as well as the antioxidants bilirubin and albumin that protect the 
oxidation of structural molecules or specialized functions of the body 
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(Andrei et al., 2009). SCC in bovine milk is used as a well-established 
indicator of inflammation of the mammary gland that is highly corre-
lated with the presence of a mammary infection, in addition to being 
used as a criterion for the selection of dairy animals that are less sus-
ceptible to mastitis (Rainard, Foucras, Boichard & Rupp, 2018). SCC has 
shown to be an excellent marker of subclinical mastitis, and its use is 
essential to indicate reduction in milk production (Kaşikçi, Çetin, Bingöl 
& Gündüz, 2012). Thus, the objective of the present study was to eval-
uate the parameters of systemic inflammatory response, 
oxidant-antioxidant status, and its relationship with SCC in dairy cows. 

Material and methods 

Location, animals, and diet 

The study was carried out from August to September 2018 on a dairy 
farm located in the city of Aquiraz, State of Ceará, latitude 03◦54′05′′

South and longitude 38◦23′28′′ West, Brazil. The climate is classified as 
semi-humid tropical, with average rainfall of 1532 mm/year concen-
trated from February to May. On the farm there were 34 lactating cows, 
but only twenty-two lactating crossbred cows (Girolando) met the in-
clusion criteria for the experimental protocol. The animals weighed on 
average 480 kg, raised in a semi-intensive system and milked twice a day 
in an automated system. Before milking, the cows were cooled by fans 
and sprinklers, and immediately afterwards they were subjected to the 
feeding management, which consisted of silage, barley and concentrated 
ration (based on corn, soybean, cotton cake and commercial mineral/ 
vitamin supplement) according to the milk production. 

Protocol 

The experimental protocol was approved by the Ethics Committee 
for Use of Animals - CEUA/UECE under the number 4150920/2017. 
Cows with subclinical mastitis (SMC) and healthy cows (HC) were 
selected and identified by the California Mastitis Test (CMT) and the 
Somatic Cell Count (SCC) in milk. Two protocols with the same animals 
were evaluated: 1) Analysis of systemic and local parameters in cows 
with subclinical mastitis (SMC) on three different days, D1 (first day of 
sampling), D2 (48 h after D1), and D3 (7 days after D1) (Fig. 1); and 2) 
Evaluation and comparison of the systemic and local parameters of 
groups SMC and HC on D3 (Fig. 2). SCC results were logarithmically 

transformed into somatic cell score (SCS). For the SMC group (n = 16) 
cows with positive CMT and SCS > 4.32 were included, while for the HC 
group (n = 6) cows with negative CMT and SCS < 4.32 were included 
(Shook, 1982; Venturini et al., 2009). Blood and milk samples were 
collected on D1, D2 and D3 in animals of the both SMC and HC groups 
for the assessment of systemic parameters and local inflammation of the 
mammary gland. 

Milk sampling and SCC analyses 

Milk sampling was performed in the afternoon milking, just after the 
initial milking procedures, pre-dipping and individual drying of the 
teats, with subsequent asepsis of the mammary quarters, using 70% 
alcohol. Initially, the dark-bottom mug test was performed and for those 
udder quarters that were negative in this test, the first milk jets were 
discarded and then the CMT was performed according to the method-
ology proposed by Esslemont and Kossaibati (2002). To perform the 
SCC, 50 mL of milk were collected in a sterile tube from each udder 
quarter before milking. In a maximum period of three hours, at the farm 
facilities, the SCC test was performed on the fresh milk samples per in-
dividual quarter, using the Lactoscan SCC® device through the cell 
count fluorescent microscopy technique. The samples were homoge-
nized, and 100 μL aliquots were taken and added to a tube containing 
Sofia Green dye (Lactoscan SCC®). Then this mixture was homogenized 
and an 8 μL aliquot was taken, which was added to the lactochip 
chamber for reading. The results were expressed in cells/mL. 

Blood sampling and systemic parameters analysis 

Blood samples were obtained by coccygeal venipuncture in 10 mL 
vacuum tubes without anticoagulant and with EDTA anticoagulant, 
keeping them at room temperature. After collection, the tubes with 
EDTA were transported to the laboratory for hematological assessment 
in order to perform the white blood cell count (WBC, x103 μL) using the 
automation device (Mindray BC-2800Vet®). Blood samples collected 
without anticoagulant were centrifuged at 3000 xG for 15 min to obtain 
the serum, which was aliquoted and stored at − 80 ◦C to perform the 
biochemical parameters. Serum levels of total bilirubin (TB, mg/dL), 
total protein (TP, g/dL) and albumin (ALB, g/dL) were measured ac-
cording specific methodologies from the commercial kits (Interkit®) in a Fig. 1. Protocol 1.  

Fig. 2. Protocol 2.  
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spectrophotometer. 

Reference values 

For the serum parameters, the reference values for the bovine species 
were considered, WBC: 4 - 12 (x103/µL), ALB: 2.7 - 3.8 (g/dL), globulin: 
3.0 - 5.2 (G, g/dL), TP: 6.6 - 7.5 (g/dL), TB: 0.01 - 0.5 (mg/dL), and A/G: 
1 - 1.02 (Jain, 1993; Kaneko, Harvey & Bruss, 2008). 

Assessment of systemic lipidic peroxidation 

The MDA levels were quantified by using a solution of 1.2% sodium 
thiobarbiturate (TBA), according to the methodology proposed by 
Draper and Hadley (1990). Initially, 250 µL of the serum were extracted 
and incubated in a water bath at 37 ◦C for 1 hour, followed by the 
addition of 400 µL of 35% perchloric acid to precipitate the proteins. The 
mixture was centrifuged at 14,000 xG for 10 min and 600 µL of the 
supernatant was added to 200 µL of a 1.2% sodium thiobarbiturate so-
lution (TBARS). The mixture was put in the water bath and heated to 
95 ◦C for 30 min. After cooled, the absorbance was measured at 535 nm. 
The results obtained were expressed in nmol/mL of serum. 

Statistical methods 

The statistical package GraphPad Prism® was used. The Shapiro 
Wilk test was performed to verify the normality of the data. The SCC 
results were logarithmically transformed into somatic cell score (SCS) 
through the equation SCS = log2 (SCC/100) + 3 (Shook, 1982). All re-
sults were expressed as mean ± standard deviation. For the analysis of 
SMC between the days (D1, D2, D3) the ANOVA for repeated measures 
with posthoc Tukey was used for the parametric data of SCS, WBC, TP, 
MDA, globulin, albumin/globulin, ALB and TB, and when necessary the 
Paired test t was used. For the assessment of nonparametric data of MDA 
between D1, D2 e D3 it was used the Friedman test with posthoc Dunn`s. 
For the evaluation between groups SMC and HC it was used the unpaired 
t-test with correction of Welch`s for the parametric data of SCS, WBC, 
MDA, TP, globulin, albumin/globulin, ALB and TB. The correlation 
between the parameters was determined by the Pearson’s and Spear-
man’s test. The results were considered significant at P < 0.05. 

Results 

The selected cows with subclinical mastitis (SMC) showed the 
following mean values and standard deviation of SCS on the days 
analyzed: D1- 6.8 ± 1.7, D2- 6.4 ± 1.8 and D3- 6.3 ± 2.0. The SCS of HC 
presented mean value and standard deviation of 3.3 ± 0.53. Table 1 
shows the results of SCC and systemic inflammatory parameters in cows 
with subclinical mastitis, whose samples were collected on different 
days (D1, D2 and D3). There was no significant difference in the levels of 
WBC, TP, G, MDA and A/G ratio between the days analyzed in SMC. The 
average A/G ratio was below the reference values for the species. TB 
values at three days analyzed were in accordance with the reference 
values for species. 

Table 2 shows the results of SCS and systemic inflammatory pa-
rameters on subclinical mastitis cows (SMC) on D3 compared to healthy 
cows (HC). There was a significant difference (P < 0.001) in the mea-
surement of MDA between the HC and SMC groups. The mean values of 
WBC in the SMC group were above the reference values for the species, 
however there was no significant difference when compared to HC. No 
significant difference was found in the measurement of WBC, TP, ALB, 
and TB between groups, and the mean values of these parameters were 
within the reference values for the species studied. 

It was observed a positive correlation between MDA-SCS (ρ = 0.4; 
Fig. 3A) and between WBC-SCS (r = 0.3; Fig. 3B) on SMC. 

Discussion 

For this study, the cows considered to have subclinical mastitis were 
those whose milk samples tested positive for CMT and SCC (Venturini 
et al., 2009). Subclinical mastitis has no clinical signs; however, it does 
show an increase in SCC in milk. This illness is also associated with the 
release of free radicals, the increase in total oxidative capacity and 
decrease in antioxidant capacity (Ellah, 2013). Initially, an individual 
screening of the udder quarters of each cow used in the study was per-
formed, through the CMT. CMT test has great practical relevance in the 
research and prevention of mastitis, since it is a quick and practical 
method most often used for monitoring and evaluating dairy herds 
(Godden, Royster, Timmerman, Rapnicki & Green, 2017; Leslie, Jansen 
& Lim, 2002; Oliveira et al., 2020), it might present false-positive or 

Table 1 
SCS and systemic inflammatory parameters of subclinical mastitis cows.  

Sampling days  
D1 D2 D3 

Parameters Х ± SD (Min.- 
Max.) 

Х ± SD (Min.- 
Max.) 

Х ± SD (Min.- 
Max.) 

Somatic Cell Score (SCS) 6.8 ± 1.7 6.4 ± 1.8 6.3 ± 2.0  
(4.7 – 9.6) (4.5 – 9.3) (4.4 – 9.6) 

White Blood Cells (x103 

/ μL) 
13.6 ± 3.8 12.4 ± 3.7 14.3 ± 6.3  

(7.5 – 20.9) (7.1 – 20.0) (6.1 – 26.7) 
Serum total proteins (g/ 

dL) 
6.9 ± 0.7 7.0 ± 0.9 7.1 ± 0.7  

(5.6 – 8.3) (5.3 – 9.3) (6.2 – 9.0) 
Serum MDA (nmol/mL) 9.3 ± 2.6 8.6 ± 2.4 11.5 ± 3.5  

(9.2 – 14.7) (8.5 – 15.4) (8.1 – 16.5) 
Globulin (g/dL) 3.9 ± 0.7 3.9 ± 1.0 4.0 ± 0.8  

(3.0 – 5.7) (2.4 – 6.7) (3.1 – 6.0) 
A/G ratio 0.8 ± 0.1 0.8 ± 0.2 0.8 ± 0.1  

(0.4 –1.0) (0.4 – 1.4) (0.5 – 1.1) 
Albumin (g/dL) 3.0 ± 0.3 3.0 ± 0.3 3.1 ± 0.1  

(2.3 – 3.3) (2.6 – 3.4) (2.7 – 3.4) 
Total Bilirubin (mg/dL) 0.5 ± 0.3a 0.2 ± 0.2b 0.3 ± 0.1ab  

(0.3 – 1.0) (0.3 – 0.6) (0.2 – 0.7) 

Milk sample were collected on different days: D1 = First sampling; D2 = Second 
sampling; D3 = Third sampling. Min. = minimum values; Max. = maximum 
values; SCS = log2 (SCC/ 100) + 3. Different lowercase letters in the same row 
represent a significant difference by the Paired test t (P<0.05). 

Table 2 
SCS and systemic inflammatory parameters of subclinical mastitis cows (SMC) in 
comparison to healthy cows (HC).  

Dairy cows  
HC (n = 6) SMC (n = 16) 

Parameters Х ± SD (Min. – Max.) Х ± SD (Min. – Max.) 

Somatic Cell Score (SCS) 3.3 ± 0.5 a 6.3 ± 2.0 b  

(2.4– 3.9) (4.4– 9.6) 
White blood cells (WBCx103/μL) 10.5 ± 3.6 14.3 ± 6.3  

(6.1 – 14.7) (6.1 – 26.7) 
Serum TP (g/dL) 6.8 ± 0.9 7.1 ± 0.7  

(5.3 – 7.9) (6.2 – 9.0) 
Serum MDA (nmol/mL) 6.0 ± 1.3a 11.5 ± 3.5b  

(4.7 – 8.3) (8.1 – 16.5) 
Globulin (g/dL) 3.8 ± 0.8 4.0 ± 0.8  

(2.2 – 4.7) (3.1 – 6.0) 
A/G ratio 0.7 ± 0.03 0.8 ± 0.1  

(0.7 – 0.8) (0.5 – 1.1) 
Albumin (g/dL) 3.0 ± 0.1 3.1 ± 0.1  

(2.8 – 3.2) (2.7 – 3.4) 
TB (mg/dL) 0.3 ± 0.09 0.3 ± 0.1  

(0.2 – 0.4) (0.2 – 0.7) 

HC = healthy cows; SMC = subclinical mastitis cows. Min. = minimum values; 
Max. = maximum values; SCS = log2 (SCC/ 100) + 3. Different lowercase letters 
in the same row represent a significant difference by the Mann-Whitney test and 
unpaired t-test (P<0.001). 
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false-negative results (Brito, Caldeira, Verneque & Paiva e Brito, 1997). 
Thus, it is importance to use it in conjunction with SCC for a safer 
diagnosis in the herd, as they have great association and dependence 
(Barbosa, Benedetti, Ribeiro & Guimarães, 2002), but also because SCC 
has been used and accepted internationally for many years (Harmon, 
1998; Milkpoint, 2006). SCC is an important marker of udder health by 
quantifying the somatic cells present in milk, consisting mainly of 
desquamated epithelial cells, macrophages and neutrophils (Akers et al., 
2011; Alhussien & Dang, 2018; Gokceoglu, Yarim, Gultiken & Yarim, 
2020). 

Mastitis is an inflammation of the mammary gland that has serious 
consequences on milk production and causes illness to the animal. The 
local inflammatory response may have systemic repercussions involving 
the production of mediators by the liver and damage to cell membranes. 
The inflammatory process involves increasing the local vascular 
permeability that allows the influx of plasma proteins and the migration 
of circulating leukocytes to the target site, in an attempt to overcome the 
infection. The focus of our work is the subclinical form, which is more 
difficult to diagnose. Therefore, we decided to evaluate some mediators 
that are already widely used in the clinical evaluation of systemic 
inflammation. Associated with these, mediators of the oxi-
dant–antioxidant system were included, as the MDA, a parameter that 
assesses lipid peroxidation, and non-enzymatic antioxidants, such as 
Albumin and Bilirubin. 

In this study, circulating leukocytes were increased and above the 
reference values for the species, in cows with subclinical mastitis, but 
this increase was not significant The increase in circulating leukocytes is 
expected in infectious processes, including mastitis, since there is a de-
mand for the infected udder (Kumar & Mukherjee, 2013). It has been 
show that even under healthy conditions of daily handling or milking, 
leukocytes are present in the mammary gland (Sordillo, 2018). 
Increased SCC and influx of PMN are seen in cows with subclinical 
mastitis (Alhussien et al., 2016; Molinari, Blagitz, Della Libera, Batista & 
Souza, 2018). 

In this work, no changes were found in the serum levels of TP, 
globulins and ALB in cows with subclinical mastitis. Albumin is an 
acute-phase systemic protein that migrates to inflamed tissues through 
the increased vascular permeability where it exerts various physiolog-
ical functions, including antioxidant, and is considered an immune- 
inflammatory biomarker (Gradel et al., 2018; Osorio et al., 2014; 
Roche, Rondeau, Singh, Tarnus & Bourdon, 2008). What was observed is 
that it did not change on the evaluated days in SMC and it did not differ 
from the levels in HC. It has been reported that the detection of signif-
icant changes in this protein is only observed after a period of at least 
one month, due to its low rate of synthesis and degradation(González, 
Conceição, Siqueira, & La Rosa, 2000). 

An increase in MDA level was observed in SMC. This data can be 

caused by the tissue damage arising from mammary inflammation. The 
lipid peroxidation is a molecular mechanism involved in the oxidative 
damage of cell structures and in the toxicity process that leads to cell 
death, which is caused by the high generation of reactive oxygen and 
nitrogen species through the destruction of lipids in the cell membrane 
(Mohamed-Ibrahim, 2015; Repetto, Semprine & Boveris, 2012). To 
reduce oxidative damage the antioxidant system comes into action 
including various mediators. In this study ALB and TB were used as 
antioxidants, however, there have no alterations on levels of these bio-
markers. The antioxidants were synthesized by body, have the purpose 
of maintaining the integrity of organs and tissues (Neužil & Stocker, 
1993; Schneider & Oliveira, 2004). Andrei et al. (2009) observed that an 
increase in MDA and a decrease in the concentration of antioxidants in 
cows with subclinical mastitis. A reduction in oxidative stress in bovines 
with mastitis was observed by increasing the consumption of dietary 
antioxidants (Sharma, Verma, Rahal, Kumar & Nigam, 2016). The early 
diagnosis of subclinical mastitis through the use of the relation between 
MDA and enzymatic antioxidants (SOD, GPx) has been reported 
(Abdel-Hamied & Mahmoud, 2020; Mahapatra, Panigrahi, Patra, Rout & 
Ganguly, 2018; Yang et al., 2011; Zigo et al., 2019). 

It was observed a positive correlation between MDA-SCS and be-
tween WBC-SCS in the SMC. These data showed the existence of sys-
temic changes in SMC associated to SCS in mammary gland. Thus, our 
data demonstrated that MDA is an excellent marker in subclinical 
mastitis and that when associated with SCC it provides the repercussion 
of systemic damage. However, it should be noted that some markers do 
not have the same performance in subclinical mastitis. Future studies, it 
would be highly important to carry out microbiological analyses to 
identify the etiological agents in order to verify the influence on the 
parameters evaluated. The search for different biomarkers in the diag-
nosis of mastitis should be encouraged, aiming at alternative ways to 
avoid productive and economic losses in animals of high zootechnical 
value. 

Conclusion 

It was concluded that the systemic repercussion mammary gland 
damage promoted by subclinical mastitis in dairy cows can be assessed 
using the MDA and WBC biomarkers. Thus, lipid peroxidation becomes 
an important tool to be evaluated in mastitis in dairy cows. The analysis 
of blood parameters associated with milk analysis, contributed to the 
diagnosis of subclinical mastitis in the evaluated herd, thus providing 
additional information to the diagnosis of this disease in regions where 
laboratory analyses of milk used routinely for this purpose are not 
available. 

Fig. 3. (A) Correlation between MDA and SCS in dairy cows with subclinical mastitis. (B)Correlation between WBC and SCS in dairy cows with subclinical mastitis. 
SMC = cows with subclinical mastitis. ρ = Spearman’s correlation; r=Pearson’s correlation. 
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