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Mastitis an inflammation of mammary gland in dairy herds is a key concern of economic losses world-
wide caused by bacteria and its toxins. In this study, we investigated pro-inflammatory and
anti-inflammatory cytokines (IL-2, IL-1b, IL-6, TGF-b, IL-10, TNF-a), lactoferrin and albumin, and milk
composition in normal dairy cows and lactating cows with symptoms of sub-clinical and clinical mastitis.
Lactating cows with clinical mastitis showed marked increase in IL-2, IL-6, IL-1b, TNF-a and a decrease in
anti-inflammatory levels of TGF-b, IL-10, milk parameters fat, protein, SNF, lactose and increase in pH
compared to normal lactating cows. Subclinical lactating cows showed significant alteration in TNF-a,
IL-1b when compared to normal lactating cows. There was no significant difference between IL and 2
and IL-6 in normal and subclinical lactating cows. The subclinical cows also did not exhibit significant
difference in TGF-b, albumin, milk fat, protein and pH when compared with normal lactating cows.
Findings in the present study indicate that cytokines together with proteins lactoferrin and albumin
can be considered as prospective markers in early detection of subclinical and clinical mastitis.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bovine mastitis is an inflammatory condition of mammary
gland in lactating cows caused by bacteria and their toxins
(Santos et al., 2003). It has huge economic implications in dairy
industry (Dervishi et al., 2015). It leads to physical, chemical and
pathological alterations in glandular tissue of udder and also com-
promises the quality of milk (Sharma, 2007). Bacterial toxins not
only make milk unfit for human consumption but also increase
the scope of zoonotic diseases like sore-throat, tuberculosis,
Q-fever, brucellosis etc. The present treatment of bovine mastitis
includes judicious or non-judicious use of antibiotics (Arshad,
1999; Yang et al., 2019; Kromker and Leimbach, 2017). While
antibiotics can reduce mastitis, there has been steep rise in inci-
dence of antibiotic resistant bacterial strains worldwide (Crisp
et al., 2014). Further, mastitis enhances the risk of presence of
antibiotic residues in milk because of high usage of antibiotics
and their different withdrawal times. This seriously decreases milk
quality due to an increase in somatic cell count (Yang et al., 2016),
and enhances the enzymatic breakdown of milk protein and fat by
proteolytic and lipolytic enzymes (Jaeger et al., 1994).

Based on severity, bovine mastitis has been categorized into
two broad types viz. subclinical and clinical. Clinical mastitis is
characterized by phenotypic changes in udder and milk, which
are absent in subclinical mastitis (SCM) hence difficult to diagnose
(Sharma and Sindhu, 2007). Subclinical form of the mastitis is more
common than clinical mastitis, difficult to diagnose, persist longer
in the herd, thus causing production losses (Sindhu et al., 2010; Ali
et al., 2015). Subclinical mastitis also results in the alteration of
physicochemical properties of milk (Singh et al., 2014). These
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changes in the milk influence the quality of by products produced
from milk like cheese, yogurt and milk cream (Deeth, 2006).

There are a number of tests available for detection of subclinical
mastitis. International dairy federation (IDF) in 1971 suggested a
criterion based on somatic cell count (SCC) and microbiological
testing of milk for detection of subclinical infection of bovine
mammary glands. SCC is an extensively used indicator for milk
quality and udder health but varies somewhat according to milking
frequency, lactational stage, season, age, breed, level of milk pro-
duction, and nutrition (Kelly et al., 2000). Bacteriological tests are
costly and time consuming and are not feasible to be used as rou-
tine test under field conditions. Due to interference of physiologi-
cal dynamics on SCC and high cost of milk culture for diagnosis of
sub-clinical mastitis, new biomarkers are required for identifica-
tion of infected quarters (Pyörälä et al., 2011). Inflammatory
response plays an essential role in host tissue infection by patho-
gens. Neutrophils are the key players of natural defense system,
and their mobilization to the location of infection decides the fate
of the infection. The movement of neutrophils is activated by
inflammatory mediators which are produced by tissue in response
to bacterial toxins or metabolites (Zbinden et al., 2014). A battery
of such inflammatory mediators includes complement fragments,
vasoactive amines, arachidonic acid metabolites, and cytokines.
Cytokines facilitate the alignment of leukocyte to inflammatory
areas produced in response to bacterial infections (Huber et al.,
1991). Several cytokines, including interleukin-1b (IL-1b),
interlukin-2 (IL-2), interlukin-10 (IL-10), interlukin-6 (IL-6), tumor
necrosis factor (TNF-a), transforming growth factor (TGF-b),
lactoferrin, interferon gamma and granulocyte–macrophage
colony-stimulating factor facilitates the buildup of leukocytes at
inflammation site (Shuster et al., 1997; Springer 1994). Cytokines
have role in both inflammation and leucocyte migration, therefore
they can have application in the diagnosis of sub clinical mastitis
(Rainard et al., 2008).
2. Materials and methods

2.1. Animal experiments and groupings

The present study was carried in cross breed of dairy Jersey
cows with and without mastitis. During the course of study, 90 lac-
tating animals of dairy cows for sampling were selected on the
basis of physio-chemical and clinical examination and divided into
three groups. Each group comprised of 30 animals. Group 1 com-
prised of animals free frommastitis which served as control. Group
2 comprised of animals with sub clinical mastitis, while group 3
comprised of animals with clinical mastitis.
2.2. Sample (collection & preparation)

Samples of milk (from all the quarters) were collected asepti-
cally from all animals assigned in the study. California Mastitis Test
(CMT) was carried out on all the milk samples, to group the ani-
mals as mastitis free animals and mastitis animals. Later on masti-
tis animals were again subdivided into Sub-clinical and Clinical
Mastitis subgroups based on obvious clinical signs and diagnostic
test. About 17 ml of milk was collected from each animal out of
which 15 ml was used for diagnostic tests viz: Electric Conductivity
(EC), pH, CMT and SCC and remaining 2 ml was collected in micro-
fuge tube and stored at �80 �C for estimation of bio-chemical
parameters of milk. Blood samples were collected from healthy
lactating animals to obtain baseline values of cytokine levels and
also from animals suffering from clinical and sub-clinical mastitis.
Approximately 10 ml of blood was collected in vials (heparinized)
under aseptic conditions from the jugular vein of the cows. Blood
was instantly centrifuged at 3,000 rpm to separate the plasma.
The separated plasma was used for cytokine and protein
estimation.

2.3. Diagnosis of clinical mastitis

A comprehensive clinical examination of the diseased dairy
cows was carried out, which included examination of the mam-
mary glands and their secretion and also changes in physical char-
acteristics of milk (e.g. watery, off color, bloody appearance and
presence of flakes, pus and clots), SCC and CMT were recorded by
the method of Schalm et al., 1971. The severity of the cases was
assessed on the scale of CMT score and SCC of milk samples. Cases
with CMT score of 2 or 3 with SCC more than 4 � 105 /ml of milk
were considered positive for mastitis. Animals not suffering from
clinical mastitis were screened for sub-clinical mastitis using fol-
lowing tests

2.4. Electrical conductivity (EC) Test:

The electric conductivity of milk was carried out by digital elec-
tric conductivity meter as described by the manufacturer (Eutech,
Singapore). The change in the electrical conductivity of milk due to
change in Na+ and K+ ions during mastitis was recorded with the
help of a hand held digital electric conductivity meter. Electrical
conductivity was determined by taking the milk in the cup of the
mastitis detector up to the marked brim. After pressing the button
on the detector, the reading appeared on the screen which was
recorded.

2.5. Milk pH

pH was measured in all raw milk samples using digital electric
pH meter.

2.6. Biochemical analysis

Milk chemistry: The chemical constituents of milk like lactose
(%), fat (%), casein (%), SNF (%) were estimated from normal healthy
control group as well as from clinical and sub-clinical cases of mas-
titis and compared with normal healthy control group. The param-
eters were estimated using milk analyzer (Speedy Lab, Model 4828,
Astoritechnica, Italy).

Estimation of cytokines (IL-2, TNF-a, IL-1b, IL-6, TGF- b and IL-10):
TNF-a and TGF-b were estimated using an ELISA kit (Bioscience -
USA), IL-1b was estimated using ELISA kit (Qayee-Bio -Korea), IL-
2 was estimated by ELISA kit of Krishgen Biosystems (USA), IL-6
and IL-10 were assayed by the ELISA kit of Diaclone SAS (France)
from plasma as per the instructions of the manufacturer.

2.7. Estimation of lactoferrin

Lactoferrin was estimated from plasma by using an ELISA kit
from de Meditec Diagnostics (Germany) as per the instructions of
manufacturer.

2.8. Estimation of albumin

Acute phase protein, albumin in plasma was determined by
using commercial kit based on BCG (bromocresol green).

2.9. Statistical analysis

The data from individual groups is presented as the
mean ± standard error of the mean (SEM). Differences between
groups were analyzed using analysis of variance (ANOVA) followed



Table 1
Effect of subclinical and clinical mastitis on some components of milk in cows.

Component (%) Normal Subclinical Clinical

Fat 4.12 ± 0.08 3.73 ± 0.13 ns 2.76 ± 0.19*
SNF 8.78 ± 0.13 7.51 ± 0.11* 5.47 ± 0.09**
Protein 3.82 ± 0.12 3.53 ± 0.08 ns 2.82 ± 0.10*
Lactose 4.97 ± 0.07 4.32 ± 0.09* 3.57 ± 0.12**
pH 6.68 ± 0.04 6.92 ± 0.08 ns 7.64 ± 0.13*

Value are expressed as mean ± SE; n = 30 animals in each group.
**P < 0.01: Significance difference from control.
*P < 0.05: Significance difference from control.
Ns indicates non-significance from control.
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by Student-Newman-Keuls Test and minimum criterion for differ-
ence was set at P < 0.05.
3. Results

3.1. Milk chemistry

There was a significant reduction in SNF and lactose in both
subclinical and clinical animals when compared with normal cows.
However fat, protein and pH did not showed any significant differ-
ence between subclinical and healthy lactating cows (Table 1).

3.2. Inflammatory cytokine level

The clinical mastitis resulted in marked increase (P < 0.001) in
IL-2, IL-6, TNF-a, and IL-1b while as subclinical mastitis resulted
Fig. 1. Effect of mastitis on TNF-a, IL-1b, IL-2 and IL-6 levels. Values are expressed as me
P < 0.05, ***indicates significance at P < 0.001, ns indicates non-significance.
in non-significant increase in IL-2 and IL-6 content when compared
to samples of normal animals (Fig. 1).

3.3. Anti-inflammatory cytokine level

The clinical mastitis resulted in marked reduction (P < 0.001) in
TGF-b and IL-10 levels when compared to normal lactating cows
while subclinical lactating cows did not exhibit any significant
variation in TGF-b levels but showed significant variation
(P < 0.01) in IL-10 in comparison to normal lactating cows (Fig. 2).

3.4. Protein levels

Clinical mastitis resulted in significant (P < 0.01 and P < 0.05)
increase in lactoferrin and protein levels against healthy lactating
cows (Fig. 3). The lactating cows suffering from subclinical mastitis
did not show any significant variation in lactoferrin and albumin
levels.
4. Discussion

Mastitis is an inflammatory condition of the mammary gland
which leads to massive economic losses in dairy sector
(DeVliegher et al., 2012). Mastitis results when pathogenic
microorganism penetrates through the mammary gland, mostly
by disturbing the physical barriers such as the teat canal
(Goldammer et al., 2004) once the barrier is disrupted it requires
quick and competent defenses system to prevent the spread of
pathogenic organisms and further injury to the tissue of mammary
an ± SE; n = 30 animals in each group. *indicates significance from control group at



Fig. 2. Effect of mastitis on TGF-b and IL-10 levels. Values are expressed as mean ± SE; n = 30 animals in each group. ** indicates significance from control group at P < 0.01,
***indicates significance at P < 0.001, ns indicates non-significance.

Fig. 3. Effect of mastitis on protein levels (lactoferrin and albumin). Values are expressed as mean ± SE; n = 30 animals in each group. * indicates significance from control
group at P < 0.05, **indicates significance at P < 0.01, ns indicates non-significance.
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gland (Aitken et al., 2011). The response of the immune system to
the attacking pathogen is a critical factor for establishing persistent
and severe infection (Bannerman, 2009). Epithelial and endothelial
cells play a crucial role as the first-line of resistance against infec-
tions, by activating inflammatory mediators including cytokines
(Corl et al., 2008; Griesbeck-Zilch et al., 2008). In the mammary
gland, the cytokines with epithelial cells identify the invading
pathogens through Toll-like receptors (TLRs) (Rainard and Riollet,
2006; Griesbeck-Zilch et al., 2008; Goldammer et al., 2004). Acti-
vated TLRs promotes the expression of inflammatory cytokines
and other mediators related to cell differentiation, immune
response, and apoptosis (Yang et al., 2008; Cates et al., 2009).

At the beginning of infection innate immune response is domi-
nated by up regulating the pro-inflammatory cytokines (Dego
et al., 2002) that initiates the mobilization of neutrophils to the
infection site in the udder (Heringstad et al., 2003, Sordillo,
2005). These pro-inflammatory cytokines have a crucial role in
combating the primary infection (Bannerman et al., 2004;
Shuster et al., 1993; Johnzon et al., 2018). An interesting finding
in the present study was the increased levels of TNF-a, and IL-1b
in subclinical mastitis suggesting their role in the early stage of
the development of mastitis. In the current study, striking increase
in the levels of the pro-inflammatory cytokines IL-2, IL-6, TNF-a,
and IL-1b was observed in lactating cows suffering from clinical
mastitis. Variations in the concentrations of these pro-
inflammatory coincided with development of clinical signs of dis-
ease. In these cows’ transformation in the mammary gland tissue,
increase in pH and significant decreases in fat, SNF, protein and lac-
tose were observed as reported previously (Trigo et al., 2009). Our
study demonstrated non-significant increase in IL-2 and IL-6 mark-
ers in cows suffering from subclinical mastitis which is in contra-
dict to earlier study (Trigo et al., 2009). The non-significant
alteration in TGF-b in cows with subclinical mastitis may be
because of its important functioning in moderating the inflamma-
tory response (Bannerman, 2009).

The lactoferrin an iron binding glycoprotein with bacteriostatic
activity enhances mammary gland immunity and activates various
molecules via several pathways (Kanyshkova et al., 2001). It exer-
cises its bacteriostatic potential by challenging mastitis causing
bacteria for available iron or through binding on the bacterial sur-
face (Ward et al., 2002). Lactoferrin has been reported to inhibit
secretion of IL-1 and TNF-a from monocytes in response to endo-
toxin, and also to prevent the mobilization and recruitment of neu-
trophils at the site of inflammation (Lonnerdal and Iyer, 1995).
Lactoferrin increase corresponds to the severity of infection
thereby has crucial function of combating the disease (Erdei
et al., 1994). The elevated serum lactoferrin therefore, indicates
that it is exerting an immune-modulating function by inhibiting
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the production of cytokines and subsequent inflammation. Albumin
has been reported to be a suitable criterion for detection of tissue
damage in mastitis. The significant elevation in albumin indicates
severity of the infection and the amount of tissue damage in the lac-
tating cows suffering from clinical mastitis (Shamay et al., 2005).

In conclusion this study provides an insight in changes in
cytokines induced in subclinical and clinical mastitis in cross breed
of dairy cows. Our data demonstrates significantly increased levels
of plasma TNF-a, and IL-1b in subclinical mastitis, whereas IL-2, IL-
6, TNF-a, and IL-1b were significantly raised in clinical mastitis.
The increased levels of lactoferrin and albumin were also observed
in cows with mastitis. We suggest that the role of TNF-a, and IL-1b
detection in cows with subclinical mastitis should be studied in
large population for their possible role as biomarkers of udder
infection and mastitis.
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