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Abstract

Mastitis is an inflammation of the mammary gland, caused by the invasion and duplication of
Escherichia coli (E. coli), Staphylococcus uberis (S. uberis) and Staphylococcus aureus (S. aureus)
and a wide variety of other microorganisms through teat or damaged nipple, decreasing potential
milk production in the affected quarter of mammary gland. Economic, animal productivity, in-
ternational trade and animal welfare issues associated with mastitis play an important role in the
agricultural industry. Therefore, worldwide dairy cattle breeding programs are trying to breed
cows with improved resistance to mastitis. Mastitis cannot be eliminated but can be reduced to
a low level. This can be achieved by breeding strategies, reducing the exposure to pathogen and
increasing the resistance to intramammary infection. Numerous therapeutic, prophylactic and
management techniques are used to control and reduce the mastitis. However, a widely proposed
strategy is marker assisted selection using candidate gene approach which is based on improving
the host genetics. One of them is cluster of differentiation 4 (CD4) gene, which is a glycoprotein
located on receptors of immune cells. CD4 exhibits an essential role in a variety of inflammation
related conditions in many species. Therefore, CD4 as a candidate gene for resistance to mastitis
has received considerable attention. The review is based on a study of CD4 in association with
improving resistance to mastitis and it may be helpful in formulating breeding programmes and
marker assisted selection to lower the mastitis.
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Background of the research

The word mastitis is derived from two Greek words i.e. mastos which means
“breast” and itis which means “inflammation”. Therefore, mastitis refers to inflam-
mation of the mammary gland (Campbell and Marshall, 2016). The mammary gland
tissue is protected by two defence systems of the immunity i.e. innate (nonspecific)
immunity and the acquired (specific) immunity. Both innate and acquired immunity
interact to provide protection against mastitis causing microorganisms (Burvenich
etal., 2003).

Mastitis is classified into two types i.e. clinical mastitis (CM) and sub-clinical
mastitis (SCM). CM may be mild or severe. Mild CM may show discoloration of
the milk color, shape and smell with flakes or clots in the milk while the animal
having severe CM shows clear symptoms of disease such as heat, swelling of udder,
abnormal secretions, fever and loss of appetite. SCM is the most prevalent form of
mastitis in which there is absence of evident signs. SCM could develop into a clinical
disease if not detected properly using somatic cells count (SCC) values (Sharma et
al., 2011). Mastitis is further classified as acute and chronic depending on severity
and duration of infection. Acute mastitis is characterized by a sudden onset whereas
chronic mastitis is characterized by an inflammatory process that lasts for months.

Mastitis: A global disease of dairy cattle

Mastitis is one of the most common diseases compromising dairy animals’ health
and welfare worldwide (Campbell and Marshall, 2016). Milk production is badly
affected by linking milk production with poor milk quality, thus causing huge eco-
nomic loss to the milk industry all over the world (Hogeveen et al., 2011; Halasa
et al., 2007). Reducing mastitis and SCC in milk are both public health safety and
food quality initiatives. Over time, the use of antimicrobial agents or drugs has in-
creased the number of antimicrobial resistant microbes globally, and the use of any
of these agents results in the development of resistant strains. Improper use such as
the wrong dose, drug or duration can contribute most to increased anti-microbial
resistance without improving treatment outcome. The increase in resistance to an-
tibacterial agents has raised serious concerns worldwide from both public health
and food safety perspectives, putting their use in food producing animals under con-
stant scrutiny over the years. Resistance against mastitis in cattle is attracting the
attention of modern livestock for breeds of cows with improved resistance towards
mastitis.

Despite many years of research, it remains the most economically damaging and
zoonotic potential disease for dairy industry and consumers worldwide, irrespective
of species of animal (Ojo et al., 2009). During last several decades, it has become as
expensive disease affecting the dairy industry and consumers globally (Fourichon et
al., 2000). Researchers have found that there is high risk of developing SCM in pe-
riod of early lactation (Viegher et al., 2005). The disease is of great importance in the
agricultural industry due to problems associated with the reduction of output, public
health, economy, international trade, animal productivity and welfare (Hogeveen et
al., 2011; Coulon et al., 2002). The purpose of various studies is to reduce the masti-
tis and obtain high quality milk by monitoring SCM.
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Consequently, the aim of this review is to provide a detailed overview of masti-
tis, updating the literature on mastitis, to determine the role of CD4 in inflammatory
conditions of different species. CD4 is known to play an exceptional role in immune
mechanisms against a variety of inflammatory diseases in many species, most im-
portantly in the immune response (developing resistance) during the development of
mastitis in dairy animals. The current review focuses on CD4 as a potential candidate
gene for resistance against mastitis to open new doors for improving milk production
and cow udder health.

Causative agents of mastitis

More than one hundred different microorganisms including bacteria, viruses,
mycoplasma, yeast and algae have been isolated from bovine mastitis. The most
frequently isolated among them are staphylococci, streptococci and gram negative
bacteria (Oliver et al., 2004). 70-80% of all the CM and SCM cases were either
infected with Staphylococcus aureus or Streptococcus agalactiae in cows and buf-
faloes (Memon et al., 1999). Some studies show that Streptococcus dysgalactiae,
Klebsiella pneumoniae, Streptococcus bovis, Pseudomonas aeruginosa, Nocardia,
Prototheca wickerhamii, Brucella abortus, Trueperella pyogenes, Prototheca zopfii,
species of Pasteurella, Enterococcus, Corynebacterium, Arcanobacterium and My-
coplasma, and yeast are also involved in mastitis progression (Dieser et al., 2014;
Mubhasin et al., 2014).

Figure 1. Culture and the identification of Staphylococcus aureus in Baird—Parker agar. A single colony
is amplified (Source: Song et al., 2016)



A. Rasheed et al.

738

‘ue,] AIre(q JUSWUIAA0D) JRYJAS = JADS [OAQ] ULIR) J& 9uapIour = JA eoudfeaald = 4 douoproul = | )91, 9IS AMYM = LSM IS SHISBIA P[o1] JInS = LINAS
SNSRI [BOIUIO-qNS = JNDS ISOL, SHNSBIA BIUIOJI[ED) = LIND SHISBIA [BOIUI]D) = ] ‘Siseq 1oyrenb-1od uo = Q) ‘wre] Aeq AjsioAtun) [einynoudy ysope[dueq = JANV «

“(STOT “1e 10 paatey) 1yderes] ‘Auojo)) d[1e) IypueT suiief o[eynq Airep (¢ 876 umouury %l oregng
samymno
"(910¢ “'[e 10 epezild) peqeiopAH ‘Welopuey, JO SSUIPUNOLINS WOl §1803 (0T AW pue LD (NDS) %Th ey s1e0D
(NDS) %L9° €€
“(LOOT “'[& 10 PROWEH) SIOULIES JOOISIAI] (O€ WOL] SMO09 16T LINAS pue (IND) %1781 el
uejsiyed
SMOJ JO Pa2i1q (UIIS[OH)
“($10T “'[e 10 10831(]) BUNUISIY ‘BGOPIOY) UL SPIAY PAJOIs A[wopuel [§ ounuasIy-0puejoy 8TTT D08 (NDS) %ES SmMoD
BUNUISIY
(A %€ 6
pue (JNDS) %€ 91
(10T “'[® 10 opuesjey]) suLej AIep [eos-[[ews SULIB €/ WIOLJ SMOD $8G  SINJ[NO J[IW DS (ND) %8t SMo))
amqequirz
“(£00T “'[e 10 IpUBNYS) Swirey A1iep d[eds-[[ews SpIoY L8 WO} SMOD (ST SN A (ND) %9°61 SMoD
vAU
159)
(ngoz ooy 1oded Jojesrpur ‘uon (ADS) %9°0€
((Z10T T8 30 $o30]N)) SuwLIe} AIrep o[eds-[[eWS PUe SPaIqssoId “JH) SM00 ¢8]  -eulwuexd [eorur))  pue (JND) %6+ SMOD)
(T10T “[8 19 Mew]y) swirey A1ep a[eds-[[ewg M09 (6 20s (WD) %9T'1T SM0D
eidorpy
SMO0O Supy[Iur
(00T ‘uistey) pue eneAeAuoog) sjun uLej A[RIS-[[BWS G ¢—'9 ATeIoAR )M S)IUN § samymo N (JADS) %6591 M0))
puejtey ],
(2102 “T2 32 uIpp) LD
S)IUN ULIBJ 9[BOS-[[ewWs Ul Swa[qoid 1oppn SUIABY SMOD JO UOJBUTIEXE] ‘uonoadsur [ensIp (ND) %8 M0))
"(010T “'Te 30 UBWIERY) UOIFAI JAYIAS U SWLIR) WOL QT + J(DS WOY O  PaJI3[ds A[WOPULI SMOD §G| SN NIA (NDS) %€'1S M0H
“(110T “'[2 1 we[s]) 1epes [reSur], O SBAle [eXnI pue JANVE soduwes Y[ 00 LINAS ‘LSM 'LIND  (NDS) %S'LT (P21qssoi0) mo)
ysapedueg
20In0S pue eaIe Apnyg sojdwes Apmyg INpad0I] _ 9)JBI 00UBAIJ _ soroadg

SOIISEeU JO 99US[BAdL] '] 9[qBL



A review on bovine mastitis 739

Prevalence rate of mastitis

It is difficult to determine the prevalence rate of mastitis but the estimated figure
is about 35-50 cases/100 cows annually (Bradley et al., 2001). Mastitis is on the
top of list of diseases in dairy cattle in 2013—14 according to The Swedish Board of
Agriculture (http://www.jordbruksverket.se/). Previous studies conducted in differ-
ent countries reported different prevalence rates of mastitis in dairy cattle indicat-
ing the distribution and economic importance of mastitis such as Nam et al. (2010)
from Korea; Boonyayatra and Chaisri (2005) from Thailand; Ameh and Tari (2000)
from Nigeria; [raguha et al. (2017) from Rwanda; Ndegwa et al. (2000) from Kenya;
Gebreyohannes et al. (2010) and Megersa et al. (2010) from different parts of the
Ethiopia; and Kozacinski et al. (2002) from Croatia.

Prevalence rate of mastitis in Asia is increasing with the development of high
milk producing breeds of buffaloes and cows. Studies carried out in Kyber Pakh-
tunkhwa (KP) Province (Sammiullah et al., 2000), and Punjab such as Muzaffar
Garh (Bachaya et al., 2011), and Faisalabad (Bilal et al., 2004) etc. show that mastitis
is the most frequent problem identified by the small-scale farmers of Pakistan. Va-
rious studies conducted in different countries are shortened below (Table 1).

Factors contributing to mastitis

Many factors affect the incidence of mastitis, such as the productive stages of the
cow, the number of lactations, the management of the herd, the temperature of the
environment, the humidity, the weather, the breeds and the characteristics of the lac-
tation. Table 2 shows the various factors and management mechanisms that produce
variation in somatic cells in the dairy herd.

Table 2. Factors increasing and decreasing milk SCC

Factors Increasing Milk SCC | Factors Decreasing Milk SCC
Udder infection or injury Healthy udder
Change in housing and feeding Post milking teat dipping
Increase in parity Hygienic milking practices

Cows calving during warm and rainy weather Hygiene, vaccination, nutrition, and housing
management practices

Increase in stage of lactation Clean animal surroundings
Unhygienic/Incomplete milking Regular udder screening
Unpasteurized milk and milk products Pasteurization

Unhygienic cow surroundings Feeding antioxidants
Vitamin E and selenium deficiency Rationalize feeding diets
Hot humid climates Treating infected cows
Keeping sick cows with healthy cows Awareness about mastitis
Any other stress Selection against mastitis

Human health risks associated with mastitic milk

Milk drawn from an infected animal is the main source of pathogens. Some bac-
terial toxin produced in the milk cannot be destroyed by pasteurization techniques
(National Mastitis Council, 1996). Such milk is dangerous for public health as it can
transmit pathogenic bacteria to humans through the food chain. Milk is discarded by
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the producer in severe CM due to visible abnormalities and would not enter the food
chain. However, milk of cows in SCM having no visible changes is mixed into bulk
milk and thus enters the food chain and can be dangerous to humans (Hameed et al.,
2007). Milk contaminated with bacteria from affected cows is unsuitable for human
consumption and may cause food poisoning or in rare cases provides mechanism of
spread of disease in humans. It was discovered earlier that milk can transmit tuber-
culosis, brucellosis, diphtheria, scarlet and Q-fever to humans. However, they can be
controlled through pasteurization but various bacteria still contribute to illness and
disease outbreaks (Gilmour and Harvey, 1990).

Economic losses caused by mastitis

Mastitis is an expensive disease in the dairy industry economically. It is esti-
mated that mastitis costs over $1.8 billion per year in the USA alone affecting 1/3 of
all dairy cows (Schroeder, 2012). Each incidence of CM costs about $444 in large
US dairy herd during the first 30 days of lactation (Rollin et al., 2015). An estimate
shows a cost of about €97 per cow annually due to CM in Sweden (Hagnestam-
Nielsen and Ostergaard, 2009). Economic losses caused by mastitis, either CM or
SCM can be brought down to a few categories i.e. effects on milk composition and
quality, milk yield losses, lethality and occurrence of other diseases like brucellosis,
lymphadenitis, leptospirosis, listeriosis, melioidosis, Q-fever, staphylococcal food
poisoning, toxoplasmosis and tuberculosis, treatment costs i.e. veterinarian fees and
cost of drugs, labour costs, premature culling and replacement etc.

Pathogenicity of mastitis

Mastitis pathogens can be divided into contagious and environmental. The pri-
mary reservoir of contagious pathogens is an infected udder whereas a contaminated
environment is the primary reservoir of pathogens causing environmental mastitis.
Mastitis is a complex and multifactorial disease in which pathogens enter the udder
and cause an infection. However, for pathogens to enter the mammary glands and
establish themselves to the point that they cause an infection, a multitude of other
factors may be involved: hygiene, housing, climate, milking machines, feeding and
genetic factors (Karima, 2013), as the occurrence of disease is an outcome of inter-
play between three major factors: infectious agents, host resistance, and environmen-
tal factors (Gera and Guha, 2011). The factors might be an individual genotype, the
pathogens involved, the environment of cattle, milking techniques and interaction
among them as shown in Figure 2.

When pathogens attach to epithelial cells, they enter and evade the host defense
mechanism and penetrate into the deeper regions (Almeida et al., 1998). Mastitis
pathogens overcome defense mechanism at mucosal membranes by invading the
mammary epithelial cells and adhere to mammary mucosal membranes causing an
infection of mammary tissues. When the pathogens gain entry into the udder, they
find nutrients and multiply rapidly. Cow’s udder is a primary reservoir of contagious
mastitis pathogens. These pathogens commonly transmit among cows by contact
with infected milk. Their metabolic by-products cause poisoning of the udder tissues
resulting in an inflammation. The inflammation is due to the infiltration of leukocytes
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i.e. cow’s autoimmune response to the toxic metabolites released by the bacteria.
These toxic metabolites can damage the milk secreting tissues and ducts throughout
the udder. Observations likely reflect the unsuccessful combat of mammary glands
against the invading bacterium and that the sensitivity or responsiveness of mam-
mary glands to inflammatory signals decreased as infection progressed. In experi-
mentally induced ovine intramammary inflammation by S. epidermidis, counts of
leukocyte subsets (including CD4, CD8, WCI, and MHCII) temporarily decreased
and then subsequently increased, while the expression of some adhesion molecules
(CD11b and CD18) on polymorphic nuclear neutrophils decreased after 24 h (Winter
and Colditz, 2002).

Figure 3. Mastitis and healthy mammary gland (The penetration of pathogens to the internal tissues of
mammary gland incites the trafficking of various immune cells to the site of inflammation as a result
elevation of SCC occurs in the secreted milk. Source: Alhussien and Dang, 2018)
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Diagnosis

It is important to diagnose, monitor and predict disease by several methods in-
cluding the California Mastitis Test (CMT), Surf Field Mastitis Test (SFMT), the
Modified White Side Test, SCC, pH, and catalase tests etc. These tests are preferred
to be done screening milking animal for SCM as they can be used easily, yielding
rapid as well as satisfying results (Joshi and Gokhale, 2006).

California Mastitis Test (CMT) and pH test

A small sample of milk (approximately /- teaspoon) is collected from each quar-
ter into a plastic paddle with 4 shallow cups marked as A, B, C and D. An equal
amount of CMT reagent is added to the milk and the paddle is rotated for approxi-
mately 10 seconds to properly mix the materials. The score is read while continu-
ing to rotate the paddle. Results are recorded and divided into four types which are
moderate (+), severe (++), more severe (+++) and very severe (++++) based on the
level of precipitation (coagulation) (Mellenberger, 2001).

The pH of normal milk is 6.6 to 6.7 while infected milk has higher pH to alkalin-
ity side which is approximately 7.2+0.2 equal to blood pH (Figure 3). Both SFMT
and pH test are good and economic methods used for the diagnosis of mastitis.

]

| |

Normal blood pH Infected blood pH
(Up to 6.7) (7.2 and above)

—_—

Figure 4. pH comparison of normal and infected cattle blood

Somatic cell count (SCC)

SCC is the number of somatic cells per milliliter of milk. Milk SCC is a useful
indicator of udder health and diagnostic parameter for SCM. Therefore, it is widely
used as an indirect index for mastitis control (Pant et al., 2007). White blood cells
(leukocytes) constitute the majority of somatic cells. Somatic cells are normal com-
ponents of milk. The number of somatic cells increases in response to pathogenic
bacteria like Staphylococcus aureus, which is a causative agent of mastitis. Cow
milk SCC of > 20,000 cells/ml indicates mastitis (International Dairy Federation,
1999). In healthy quarters of dairy cows, SCC per milliliter milk ranges from 2x10*
to 2x10° cells/mL milk while in an infected quarter, SCC ranges from 3x10° to 9x107
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cells/mL milk (Holmes and Wilson, 1984; Kehrli and Schuster, 1994). Because of
highly positive genetic correlation (0.71-0.97) between SCC/SCS and CM (Rupp
and Boichard, 1999; Hinrichs et al., 2005; Sorensen et al., 2009), a worthy approach
being used is to select cattle with genetically low SCC level to reduce the risk of
mastitis in dairy cattle (Koivula et al., 2005; Swanson et al., 2009; Stear et al., 2001).

Acute phase proteins in bovine milk

Acute phase protein considered as a good tool for detecting the severity of in-
flammatory conditions in dairy cow (Brodzki et al., 2015). Milk amyloid A is an
acute phase protein which increases in concentration with an inflammatory response
in the udder. Due to less influence of other physiological factors, milk amyloid A
may be a more sensitive marker than SCC. Low milk amyloid A is an indication of
healthy quarter while an increased level (<500 mg/ml) of milk amyloid A indicates
an inflammatory response (Glass et al., 2005).

Approaches for increasing mastitis resistance

Incidences of mastitis can be lowered by decreasing the exposure to pathogens or
by increasing resistance of cow to intramammary infection (Smith et al., 2000). Re-
sistance could be defined as the ability to avoid an infection of the udder or quick re-
covery from any infection. With the advancement of molecular techniques mapping
and tagging of genes, identification of genetic markers, studying candidate genes and
detection of quantitative trait loci (QTL) are being used to make genetic improve-
ment in breeding stock (improve production and disease resistance traits) through
marker assisted selection (Kolbehdari et al., 2009). Using these techniques may be
useful tools in understanding the genetic determinism of mastitis resistance.

Marker assisted selection

Modern developments in biotechnology have made it possible to unravel bulky
genetic polymorphisms at DNA level. Functional mutation is used in marker assisted
selection (MAS) which is basically responsible for phenotypic variations (Dekkers
and Hospital, 2002). Two main approaches are used to study markers (genes associ-
ated with mastitis resistance). One is to detect and localize the QTL while the other
is candidate gene approach which looks for single nucleotide polymorphisms (SNPs)
in the genes which are related to mastitis. The SNPs within the candidate genes are
tested for better understanding their effects and association with quantitative traits.
Another method to locate genomic variants or markers is genome wide association
studies (GWAS). This method utilizes the information on genetic markers like SNPs
to study their association with a trait of interest assuming that the genetic marker is
in linkage disequilibrium with or close to a causative mutation (Goddard and Hayes,
2009). GWAS have been used to identify marker or SNP and their association with
mastitis related traits and many QTLs in cattle.

Mastitis resistance is controlled by several loci, each of which is responsible for
small amount of overall variation. Variety of SNPs exist across the genome of dif-
ferent species which are used in selection program over other genetic markers due
to their relatively less frequent mutation rate, easy and cost effective genotyping
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(Hinds et al., 2005). These advancements in biotechnology result in a large number
of alternative methods of genetic markers for studying the required traits and using
them in MAS, including microsatellites, amplified fragment length polymorphisms
(AFLPs) restriction fragment length polymorphisms (RFLPs) to detect SNPs and for
identification of the important genes for genetic improvement. Various techniques
are being used as control measures for bovine mastitis including candidate gene ap-
proach which focuses on improving the host genetics through MAS (Pant et al.,
2007). However, utilization of MAS in dairy cattle produces additional genetic and
economic gains and can utilize the candidate genes associated with health and other
production traits (Ateya et al., 2016). In the present study identification of SNPs in
inflammation related candidate gene, mRNA expression and DNA methylation level
and their association with mastitis traits have been evaluated.

Candidate gene approach

Two main approaches are used to find loci of interest controlling phenotypic
traits. One is candidate gene approach and the other is whole genome sequencing
based on linkage mapping on DNA markers. A candidate gene can be defined as
a gene with biological effects on the physiology of a trait of interest (functional) or
as a gene closely linked to a functional gene (positional). This approach is considered
as a very powerful method and is used to discover SNP even with a minor effect.
Sometimes candidate gene provides information as a true causative gene. Studies us-
ing candidate gene approach for conducting genetic association focuses on associa-
tions of genetic variation within known genes of interest with phenotypes or disease
states. This method is commonly used in association study due to its simplicity for
obtaining samples and genotype data (Singer, 2009).

As described earlier, mastitis resistance is a complex function involving various
biological pathways, molecules and cells. Therefore, many functional candidate
genes could play an important role in the determinism of the function (Detilleux,
2002). During last decade the genes associated with the immune response have been
investigated for the presence of SNPs and associations with mastitis related traits.
Functionally, CD4 gene is tested for association to diseases like asthma, HIV infec-
tion, CD+ lymphocytic deficiency, breast neoplasms etc. The gene participates in
pathways such as antigen dependent B cell activation, cytokines and inflammatory
response etc. Hence, CD4 has received some attention as a candidate gene for mas-
titis resistance.

Cluster of differentiation 4

CD4 gene was discovered in the late 1970s. CD4 was originally known as “leu-
3” and “T4” after the anti-human CD4 monoclonal antibody clone (OKT4) mono-
clonal antibody that reacted with it before being named as CD4 in 1984. CD4 was
originally described as helper T lymphocyte antigen in 1979 by Ellis Reinherz. CD4
is present on chromosome 12 in humans, on chromosome 6 in mice while located
on chromosome 5 in cattle. In humans, CD4 is highly expressed in thymus, liver
and spleen while weakly in myeloid cells such as monocyte, dendritic cells and neu-
trophils (Bialecki et al., 2011). In humans, the gene contains 35 introns, 10 exons,
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a length of 31, 326 base pairs and encodes CD4 protein. CD4 protein a member of
the Ig superfamily due to the presence of four extracellular Ig-like domains. It also
contains a highly basic cytoplasmic tail of 38 amino acids containing three serine
residues which can be phosphorylated and a hydrophobic trans-membrane domain.
It mediates both recognition and adhesion functions due to the interaction of N-ter-
minal Ig-like domains with the non-polymorphic a2 and f2 domains of MHC class
IT molecules. Cytoplasmic tail of CD4 has sites which facilitates physical associa-
tion with LCK (lymphocyte-specific protein thyrosine kinase) (Mak and Saunders,
2006). LCK is critically important for T-cell development in the thymus. In mam-
mals, CD4 is composed of four extracellular immunoglobulin (Ig)-like domains, a
transmembrane region and a cytoplasmic tail (Kono and Korenaga, 2013; Horejsi,
2003). This cytoplasmic tail, which contains a conserved binding site, interacts with
the LCK to induce the activation of T cells.

lg-like domains

Transmembrane

Lipid bilayer domain

Cytoplasmic
domain

Intrachain disulphide bond
Interchain disulphide bond
e  Carbohydrate

Figure 5. Structures of the CD4 co-receptors, Ig-like domains and glycosylation sites. (Source: Mak
and Saunders, 2006; Horejsi, 2003)
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Genes encoding the bovine major histocompatibility complex (MHC or BoLA)
molecules (BTA23) and playing an essential role in the regulation and induction of
acquired immune response are studied extensively. The MHC is classified as class
I, IT and IIT genes containing clusters of genes. Class I molecules are expressed at
the surface of all nucleated cells and interact with cytotoxic T lymphocytes (CD8+).
Expression of class II molecules is restricted to the antigen presenting cells. They
are involved in antigen presentation to helper T lymphocytes cells (CD4+) and in
the development and classification of T cells (Rothschild et al., 2000). CD4 is a co-
receptor in MHC class Il-restricted T-cell activation, thus critical for the activation
of the mature T cells. In T-cells it acts as a co-receptor for MHC class II molecule
and forms peptide complex. Antigens presented by class I peptides are derived from
cytosolic proteins and class II peptides are derived from extracellular proteins. CD4
interact simultaneously with T-cell receptor (TCR) and MHC class II presented by
antigen presenting cells. In turn, it recruits the Src kinase LCK to the vicinity of the
TCR-CD3 complex. LCK then initiates different intracellular signaling pathways
by phosphorylating various substrates ultimately leading to lymphokine production,
motility, adhesion and activation of T-helper cells. In other cells such as macrophag-
es or NK cells, it plays a role in differentiation/activation, cytokine expression and
cell migration in a TCR/LCK-independent pathway.

The control of CD4 gene expression is believed to be linked directly to the sign-
aling events that mediate T-cell development and is directly dependent on the CD4
promoter. It also plays a role in the differentiation of thymocytes and the regulation
of T-lymphocyte/B-lymphocyte adhesion. CD4 is expressed in a large proportion
(80-90%) of thymocytes and over 50% of the peripheral blood T cells (helper/induc-
er subtype). Most thymocytes co-express CD4 and CD8. Monocytes, macrophages
and Langerhans cells express CD4. The majority of post-thymus T-cell neoplasms
are CD4+ (Faramarz, 2008). The expression of CD4 is detected only in immune
tissues. White blood cell and CD4+ T helper cells are important part of the cattle
immune system. They are frequently referred to asset-helper cells or T4 cells and
CD4 cells. They are known as helper cells due to their main roles of sending signals
to other types of immune cells, including CDS killer cells which then destroy the
infectious particle. If CD4 cells become depleted, for example in untreated infection,
or following immune suppression prior to a transplant, the body is left vulnerable
to a wide range of infections that it would otherwise have been able to fight against
infection foreign body.

Role of CD4 in inflammation in different organisms

CD4 is a glycoprotein located on receptors of immune cells i.e. monocytes,
T helper cells, macrophages, and dendritic cells. CD4 is known to play an essential
role in a variety of inflammation related conditions in many species. CD4 and LAG-
3 both are powerful candidate genes in many inflammatory responses in different
species (Wang et al., 2017; Miyagawa et al., 2016). Polymorphisms in CD4 gene
have been reported in sheep (Boscariol et al., 2006) and in miniature swine (Gus-
tafsson et al., 1993). The chicken CD4 gene has remained conserved in evolution
(Koskinen et al., 2002). Oyugi et al. (2009) reported that promoter methylation of
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the CD4 gene was down-regulated in chickens after viral infection. CD4, CD8 and
CD21 antigens on lymphocytes and IL-10 concentration in the peripheral blood of
young dogs suffering from atopic dermatitis complicated by purulent inflammation
of the skin. An association between polymorphisms of the CD4 gene and T lympho-
cyte subpopulations in pigs and their effects on the CD4 gene expression level in
immune tissues was found by Xu et al. (2013). The silencer (S4) is a 434 bp core ele-
ment in the first intron of CD4 that was identified by its ability to inhibit expression
from reporter constructs in cell lines and in both double-negative (DN) thymocytes
and CD8+ T cells of transgenic mice. Deletion of this element in the germ line of
mice caused CD4 depression in DN thymocytes and CD8+ cytotoxic T cells, con-
firming its physiological function (Leung et al., 2001; Zou et al., 2001). Zhao and
Lacasse (2018) speculated that increased methylation frequency of CpG_2 may lead
to the decreased expression of CD4, which may have some kind of influence on T
lymphocyte subpopulation traits and the immunity of population. The CD4 gene can
be taken as a vital candidate gene on account of its important function in porcine
immunity (Xu et al., 2013).

Role of CD4 in other diseases

A study reported that cows infected with Staphylococcus aureus had lower pro-
portions of CD4+ T cells in peripheral blood if compared with uninfected cows (Ri-
vas et al., 2007). A recent study suggested that CD4 could be used as a candidate
gene for milk production traits and the identified SNPs as potential genetic markers
to improve fat percentage in Chinese Holstein cattle (Usman et al., 2016). CD4 gene
promoter contains CpG island and it was reported that promoter methylation of the
CD4 gene was down-regulated in L72 chickens only after Marek’s disease virus
infection (Oyugi et al., 2009). Usman et al. (2016) found 10 SNPs in CD4 having
significant association with fat percentage in cattle. CD4 acts as a receptor for human
herpes virus 7 (HHV-7) (PubMed: 7909607). Mutagenesis and monoclonal antibody
studies have shown that the region spanning amino acids 40—-60 of the D1 domain of
CD4 is the part of the molecule directly in contact with the viral gp120 for all isolates
examined, with residues Phe43 and Arg59 being particularly important. In response
to microbial infection, CD4 participates in the development of T-helper cells in the
thymus and triggers the differentiation of monocytes into functional mature mac-
rophages. Loss of memory CD4+ T cells impairs replenishment of the mature T cell
pool, thus contributing to systemic CD4+ T cell depletion (Mattapallil et al., 2005).

CD4 regulatory T cells (Tregs) normally comprise a small subset (5 to 6%) of
the overall CD4 T cell population. Naturally occurring CD4 CD25 Tregs as well as
other CD4 Tregs include Tr-1 cells and T helper 3 (Th3) cells secreting IFN-y and
IL-10, and high levels of TGF-f, IL-4 and IL-10 respectively. Mukherji et al. (1989)
observed the existence of CD4 T cell mediated immune suppression in animal tumor
models and human cancer. Although, due to lacking reliable molecular markers such
cells are not well characterized. An elevated proportion of CD4 CD25 Tregs in the
total CD4 T cell populations is a common occurrence in a variety of human cancers,
including lung and breast cancers as well as ovarian tumors and human melanoma
(Wang et al., 2006). Other than this feature, which distinguishes them from CD4+
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Tregs, very little is known about how CDS8 Tregs can be generated by tumor cells or
whether they may suppress immune cells, such as CD4, CDS effector cells at tumor
sites. The idiopathic CD4 lymphopenia (ICL) is a rare and heterogeneous syndrome
defined by a reproducible reduction in the CD4 T-lymphocyte count (< 300 cells/uL
or < 20% of total T cells) in the absence of HIV infection or other known causes of
immunodeficiency (Smith et al., 1993).

CD¢ is critical for HIV entry

In 1984, two seminal studies showed that CD4 is critical for HIV-1 entry. CD4
acts as primary receptor for human HIV-1 (PubMed: 2214026, PubMed: 16331979,
PubMed: 9641677, PubMed: 12089508), primary receptor for HIV retroviruses
and is down-regulated by HIV-1 Vpu (PubMed:17346169). A point mutation in
CD4 (C868T) was found to be strongly correlated with increased susceptibility to
HIV-1 infection in African populations (Oyugi et al., 2009). Recent reports have
demonstrated that the CD4 protein is not only the cellular receptor for HIV-1 but also
participates actively in post binding events important for infection and cell fusion.
A significant association of SNPs in CD4 with HIV-2 infection has also been re-
ported (Hennig et al., 2011). In HIV-1 infected cells, newly synthesized CD4 mol-
ecules are retained in the endoplasmic reticulum by a phenomenon termed receptor
interference. This is the result of the formation of a complex between new CD4 and
the viral gp160-env protein in the endoplasmic reticulum. The retained molecules of
CD#4 are degraded in this compartment by a mechanism induced by another HIV-1
protein, vpu.

Another viral protein interacting with CD4 is negative regulatory factor (nef).
HIV-1-nef is a 206 amino acid, cytoplasmic protein that is nonessential for viral
replication and associates with the plasma membrane through an N-terminal myristic
acid. It is responsible for the loss of CD4 from the cell surface by inducing its endo-
cytosis and ultimately resulting in its lysosomal degradation. This phenomenon was
shown to occur early in the course of the infection, before gp160-induced receptor
interference. It is mediated by a dileucine motif similar to endocytosis and lysosomal
degradation signals, contained in the membrane-proximal 20, residues of the CD4
cytoplasmic tail. In recent times, the CD4 molecule has become identified with more
insidious events. The HIV virus has evolved to take advantage of CD4 and exploit it
to invade CD4 T cells. The N-terminal extracellular domains of CD4 provide a per-
fect attachment site for the gp120 envelope glycoprotein of HIV, such that CD4 acts
as part of a high affinity receptor complex that facilitates viral entry into CD4 cells.
The destruction of the CD4 T cell population that follows HIV infection causes the
overwhelming immune dysfunction suffered by AIDS patients.

CD4 lymphocyte count and the risk of HIV-related diseases

Some HIV-related diseases can be stratified to different CD4 lymphocyte count
levels. Alan et al. (1998) summarize that HIV infected patients are susceptible to si-
nusitis, Kaposi’s sarcoma, pneumonia and oral hairy leukoplakia, regardless of their
CD4 count. If CD4 lymphocyte count level is below 200/mm?i.e. in advanced HIV,
toxoplasmosis, Prneumocystis carinii pneumonia, progressive multifocal leukoen-
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cephalopathy, molluscum contagiosum, Mycobacterium avium complex and bacil-
lary angiomastosis all increase in incidence. In case of very advanced HIV disease,
when CD4 counts are below 50/mm?, patients are at risk of central nervous system
lymphoma, pseudomonas pneumonia, aspergillosis, cytomegalovirus retinitis and
disseminated histoplasmosis. Marie et al. (2013) concluded that in virally suppressed
HIV patients, an unexplained, major decline in CD4 count is associated with a mark-
edly increased risk of cardiovascular disease, cancer and death.

DNA methylation in CD4

The DNA methylation level of the CD4 was strongly influenced by mastitis status
in all comparisons and the results found by Wang et al. (2013) showed that mastitis
could cause high methylation level of CD4 in lactating cows. It regulates the expres-
sion of gene patterns in response to environmental cues including infections. An
association of mastitis with the methylation patterns of CD4 promoter in dairy cow
peripheral blood cells was reported recently, suggesting that DNA methylation level
of the CD4 promoter region can be used as a molecular marker for CM in dairy cows
(Wang et al., 2013). DNA methylation in CD4 may play an important role in the sus-
ceptibility of mastitis and thus can be considered an advantageous epigenetic marker
in mastitis resistant studies (Usman et al., 2016).

Correlation CD4 with mastitis and production traits

Researchers have shown that genetic markers associated with susceptibility to
mastitis provide preliminary evidence for a phenotypic association between a single
nucleotide polymorphism of ATPIA1, BoLADQAI, CARD15, CD4, CD18, CXCR2,
HMGBI,MBLI, TLRI and TLR?2 genes along with SCCs and clinical manifestations
in dairy cows. Usman et al. (2018) found an association of novel polymorphisms in
bovine CD4 with SCC in CM cows. CD4 plays a vital role in the immune response
to mastitis in dairy animals (Cao et al., 2012) and exerts a crucial role in the immune
response of pathogen-induced mastitis in dairy cows (Zhao and Lacasse, 2015).
An invasion of activated CD4+ T cells in the udder of cattle is a typical charac-
teristic of mastitis (He et al., 2011). It plays an important role in the immune re-
sponse to mastitis in dairy animals (Cao et al., 2012). Most importantly, CD4 protein
and CD4+ T cells play key roles in host resistance during the development of
mastitis (Burton and Erskine, 2003; Rivas et al., 2007). Increased CD4+ T lympho-
cytes have been reported by many studies at the initial stages of mastitis (Taylor et
al., 1997; Soltys and Quinn, 1999; Rivas et al., 2007). CD4 and LAG-3 could be po-
tential candidate genes and the SNP2 in LA G-3 might be useful in CM markers inte-
grated in Holstein cattle genomic selection (Usman et al., 2017). Both CD4 and LAG-
3 genes are located adjacent on chromosome (BTA) 5, which is within QTL for
mastitis susceptibility (Meredith et al., 2013). He et al. (2011) reported that an influx
of activated CD4+T lymphocytes in the mammary gland is a distinct characteristic
of mastitis. Some authors reported a significant effect of SNP in CD4 gene with
SCS in Chinese Holstein cattle. Wang et al. (2013) found that the CpG Island
in CD4 gene was highly methylated in mastitis cattle and was associated with
lower gene expression than in healthy control. Recently an evidence for the role of
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CD4+ in protecting against mastitis is provided by the identification of SNPs in the
bovine CD4 gene which is associated with SCC (Banos et al., 2013).

Recommendations
To control mastitis, enhance milk composition and increase milk yield, the
following management measures should be adopted on priority basis.

— Rationalize feeding diets.

— Hygienic milking practices.

— Dipping teats immediately after milking with a safe and effective product (ace-
tic acid or solution of vinegar).

— Regular udder screening.

— Pasteurization.

— Keeping accurate records of CM and SCCs in individual cow to assist in man-
agement.

— Selection against mastitis.

— Cross breeding between exotic and native species.

— CD4 should be considered in formulating breeding programs and marker as-
sisted selection.

Conclusion

Genetics of mastitis resistance in dairy cattle has been studied for decades. SCC
is a useful indicator of mastitis and is strongly correlated with CM. Therefore most
studies focused on milk SCC or CM records as phenotypic measures to improve
mastitis resistance. It is concluded that there is a negative correlation between milk
production and mastitis resistance. Breeding strategies focusing only on milk pro-
duction may lead to a population of cattle highly susceptible to mastitis which is
undesirable. To avoid such conditions, mastitis resistance traits should be included in
breeding strategies to produce animals that are genetically resistant to mastitis. Vari-
ous molecular markers in cattle have proved to be beneficial for the dairy producers
and breeders in improving milk production and various other performance traits by
minimizing the incidence of economically important diseases such as mastitis. These
molecular markers can be used efficiently in breeding and management decisions.
CD4 gene plays an essential role in defense mechanism of mammary gland. The
present study infers that CD4 is a useful candidate gene and it possesses potentially
essential molecular markers that can be used in breeding programs to improve the
udder health and minimize the incidence of mastitis in dairy cattle using marker as-
sisted selection.
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