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Acute Phase Proteins in Staphylococcus aureus Positive Milks
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Abstract: In this study, acute phase proteins including haptoglobin, serum amyloid A, fibrinogen, albumin and total
protein levels were investigated in cows with Staphylococcus aureus (S. aureus) positive subclinical mastitis. Healthy
Jersey cows in lactation constituted the animal materials of the study. CMT test were applied to detect subclinical masti-
tis. In 21 milk samples collected from cows with subclinical mastitis, S. aureus was identified by PCR after bacteriologic
isolation. These milk samples formed the study group. Healthy milks in which no bacteriological growth was observed
were used as the control group. Elevations in haptoglobin (Hp) and serum amyloid A (SAA) levels in infected milk
group compared to control milk group were statistically determined as p<0,05. Although an increase was observed in
fibrinogen (Fb), total protein (TP) and albumin (Alb) levels, the variations were not statistically significant.

In conclusion, in infected milks, total protein elevation is an expected result due to the presence of somatic cell and
bacteria. In the present study, an increase was determined in total protein level, but it had no statistical significance.
However, a significant increase was determined regarding haptoglobin and serum amyloid A in infected milk samples.
This suggests that haptoglobin and serum amyloid A are more sensitive indicators in subclinical mastitis and may be
beneficial in clinical practice.
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Staphylococcus aureus Pozitif Siitlerde Akut Faz Proteinleri

Ozet: Bu ¢alismada, Staphylococcus aureus pozitif subklinik mastitisli ineklerde, haptoglobin, serum amiloid A, fibri-
nojen, albiimin ve toplam protein diizeylerini igeren akut faz proteinlerin diizeyleri arastirilmistir. Laktasyonda Saglikli
Jersey inekleri ¢aligmanin hayvan materyallerini olusturdu. Subklinik mastitisi belirlemek i¢in CMT testi uygulandi.
Subklinik mastitisli ineklerden toplanan 21 siit 6rneginde, S. aureus bakteriyolojik izolasyondan sonra PCR ile tanim-
landi. Bu siit 6rnekleri ¢alisma grubunu olusturdu. Kontrol grubu olarak bakteriyolojik biiylimenin gézlenmedigi sag-
liklr siitler kullanildi. Enfekte olmus siit grubunda haptoglobin (Hp) ve serum amiloid A (SAA) diizeylerindeki artislar
kontrol siitline gore istatistiksel olarak anlamli bulundu (p<0,05). Fibrinojen (Fb), total protein (TP) ve albiimin (Alb)
diizeylerinde artis gézlenmesine ragmen, istatistiksel olarak bu artisin anlamli olmadigi belirlendi. Bu sonuglar, haptog-
lobulin ve serum amiloid A diizeyinin subklinik mastitisin belirlenmesinde daha duyarl belirleyiciler oldugu ve klinik
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uygulamada yararli olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: Akut faz proteinleri, Inek, Subklinik mastitis ve S. aureus

Introduction

Mastitis is an inflammatory response against physi-
ological and metabolic changes in mammary tis-
sues, trauma and microorganisms [4]. The disease
decreases milk yield and changes milk composition
[22]. Subclinical mastitis is more significant due to
its prevalence and economic losses because of the
decrease in milk yield compared to clinical mastitis
[13]. In subclinical mastitis no visible inflammation
in the tits or changes in the milk are present, but
milk yield and quality decreases [27]. Staphylococci
are the most prevalent pathogens in subclinical and
clinical mastitis and S. aureus is in the first rank

among Staphylococcus spp. [19]. S. aureus decreas-
es the milk yield and damages mammary tissue in
milk cows, thus it prevents reaching potentially
maximum milk level. In addition, this microorgan-
ism has a rapid adaptation feature against mastitis
control programs and environmental changes [18].

The biochemical, hormonal, physiological and
immunological responses of the organism against
stimulants such as infection, burns, trauma and neo-
plasms in case of maintaining homeostasis is named
as acute phase response (APR) [35]. Acute phase
proteins are (APP) synthesized by the liver as a re-
action to acute phase response. In healthy animals,
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these proteins are present in insignificant levels,
but they rapidly increase during inflammation and
plays role as an inflammation indicator. APP which
is the specific indicator of tissue damage is gradu-
ally more widely used in veterinary medicine for the
diagnosis, differential diagnosis, determination of
prognosis, determination of therapeutic efficiency
and herd therapy control [6,8,17,31]. Albumin (Alb)
is accepted as the negative acute phase protein due
to its small amount of synthesis during acute phase
response where haptoglobin (Hp), serum amyloid
A (SAA) and fibrinogen (Fb) are the positive acute
phase proteins due to their increased synthesis. Be-
cause some APP is specific to species, its diagnostic
importance varies according to animal species. Hp,
SAA, Fb and Alb have high sensitivity in cows and
are important acute phase proteins used during the
course of inflammatory diseases [16,17,26,]. Ecker-
sall [10] have reported that APP is also synthesized
in mammary glands in addition to liver. This sug-
gests that APP may be beneficial in the identifica-
tion of mastitis.

The diagnosis of mastitis is performed by the
clinical, chemical, physical, cellular and bacterio-
logical examinations of the udder and milk. Absence
of changes in clinical examination at milk and udder
in subclinical mastitis requires the usage of specific
diagnostic methods. In this study, benefits of APP in
the diagnosis, identification, determination of thera-
py and therapeutic efficiency of subclinical mastitis
was aimed.

Materials and Methods

Milk samples

Materials of the study included 21 milk samples
from clinically healthy Jersey cows in lactation,
aged between 2-10 years housed in a private farm
in Samsun region.

This study was approved by the Ondokuz May-
is University Ethics Committee. Animals in which
no clinical findings were observed in nipple exami-
nations were evaluated with respect to subclinical
mastitis. For this purpose, California mastitis test
(CMT) and electrical conductivity measurement by
a portable electrical conductivity meter were ap-
plied to milk samples obtained from each animal

just before milking. Data about electrical conductiv-
ity were recorded and approximately 20 ml of milk
found CMT positive were sampled aseptically from
each teat and then transferred to the laboratory un-
der cold chain. CMT negative milks of the healthy
cows were used as the control group.

Bacterial identification

Milk samples transferred to the laboratory under
cold chain were inoculated onto 5% sheep blood
agar following vortexing and homogenization. Petri
dishes were incubated at 37°C for 24-48 hours.
After incubation period, S. aureus suspected colo-
nies were identified morphologically, microscopi-
cally and biochemically [32]. PCR from culture
was performed for the confirmation of the identi-
fication. Protocol done by Abd El-Razik et al. [2]
was used for identification by PCR following DNA
extraction. Mastitic milk samples from which were
isolated S. aureus were included in the study to be
examined for other specifications.

Determination of acute phase proteins

All milk samples were placed in tubes and centri-
fuged (1550 g, 10 min, +4 °C). Milk samples were
defatted before use. The separated serum samples
were then stored at —80 °C until analyzed. Acute
phase proteins were determined and evaluated in
mastitis (S. aureus) positive and control animals.
Milk serum concentration of Hp was measured ac-
cording to enzyme-linked immunosorbent assay
(ELISA) procedure by a commercially available
ELISA kit (Tridelta Development Ltd., Ireland).
SAA was measured by a solid-phase sandwich
enzyme-linked immunosorbent assay (ELISA) by
a commercially available ELISA kit (Phase SAA
kit, Tridelta Ltd., Ireland). Milk serum concentra-
tions of Fb detected by a commercially available kit
(Cusabio Biotech Co., Ltd., China). A Digital and
Analogue Systems (Italy) ELISA microplate reader
(digital and analog systems Roma, Italy) was used.

Milk serum concentrations of total protein and
albumin were analyzed using a commercially avail-
able kit (Sigma—Aldrich Chemie GmbH, Eschen-
straBBe 5, 82024 Taufkirchen, Germany) according
to the autoanalyser manufacturer’s instruction (Au-
tolab, AMS Srl, Selective Access).
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Statistical Evaluation

One Way Anova test for two independent samples
was used for statistical comparison between experi-
ment and control groups.

Results

Acute phase protein values of S. aureus positive
milk samples evaluated for subclinical mastitis and
the control groups were shown in Table 1 and 2.

Table 1. The comparison of mean = SD results for milk
Haptoglobin (Hp), serum amyloid A (SAA), fibrinogen
(Fb), Total Protein (TP) and Albumin (Alb) levels in con-
trol and S.aureus positive milk samples.

Control milk S.aureus (+)milk P

Hp(ug/ml)  0.32+0.01 0.87+0.59  0.001
SAA(ug/ml) 31.81419.69  122.24481.92  0.049
Fb(ug/ml) 6.65+0.11 12.7141.97  0.066
TP(g/dl) 27.3343.09  46.83+1024  0.135
Alb(g/dl) 2.00+0.46 3244065 0416

Table 2. Haptoglobin (Hp), serum amyloid A (SAA),
fibrinogen (Fb), Total Protein (TP) and Albumin (Alb)
levels in milk the correlation between values

Hp SAA Fb TP Alb
Hp 1 0.046 0304 0.411*  0.536**
SAA 1 0.358 0.249 0.004
Fb 1 0.685%*  0.675%*
TP 1 0.628%*
Alb 1

*P<0.05 **P<0.01

Acute phase protein values of the control group
and S. aureus positive group were determined as
0.33 pg/ml and 2.41 pg/ml for Hp, 55.65 pg/ml and
292.87 pg/ml for SAA, 6.65 ng/ml and 13 pg/ml for
Fb, 26.60 g/dl and 48 g/dl for TP, 2 g/dl and 3.30 g/
dl for Alb, respectively (Figure 1 and 2).

Elevation in Hp and SAA levels in infected
milk group compared to control milk group was cal-
culated as p<0.05 statistically. Elevations in Fb, TP
and Alb were not statistically significant.
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Figure 1. Haptoglobin (Hp), serum amyloid A (SAA),
fibrinogen (Fb) and Albumin (Alb) levels in control and
S.aureus positive milk samples.
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Figure 2. Percentage distribution of milk Haptoglobin

(Hp), serum amyloid A (SAA), fibrinogen (Fb), levels
among groups.

Discussion

Mastitis as a major factor effecting milk yield
causes serious economic losses. Inflammatory signs
and differentiation in milk are examined in clinical
mastitis. Lack of these signs and visible variations
in milk and teats causes a longer period of mastitis
and this yields increased economic losses [12, 13,
37]. Therefore, the development of new strategies
to prevent or treat mastitis should remain a priority
among animal health initiatives [12]. Efforts in re-
search have been directed for searching a biomarker
of subclinical mastitis, not only to identify affected
animals but also to evaluate and to prevent altera-
tions in milk quality [24]. More prevalent bacterial
agent was reported as S. aureus in bovine subclini-
cal mastitis [34]. In this study, S. aureus positive
milks were preferred to investigate acute phase pro-
tein levels.

Etlik Vet Mikrobiyol Derg,

http://vetkontrol.tarim.gov.tr/merkez

Cilt 29, Say1 2, 2018, 111-115



114

Cenesiz S et all. Acute Phase Proteins in Staphylococcus aureus Positive Milks

Haemolysins are cytotoxic agents that damage
and/or destroy cells of the defense system. Alpha-
haemolysin (o-toxin), frequently produced by bo-
vine S. aureus IMI (Intra mammary infection) iso-
lates, is toxic to bovine mammary cells [1, 3, 5].
When tissue is affected by microorganisms, first
the pro-inflammatory cytokines are secreted. Espe-
cially Interleukin-6 (IL-6), tumor necrosis factor- o
(TNF-a) and Interleukin- 1B (IL-1p) provides APP
secretion in liver as the mediator and yields an ele-
vation of these proteins in blood [26, 30]. Both SAA
and Hp are among the major positive APPs in cattle
and can increase several-fold from baseline levels
after tissue injury [26, 31]. However, APPs such as
SAA and Hp also were synthesized and secreted by
the mammary tissue nearby liver [10, 20, 25].

Nazifi et al. [28] have determined an increase at
Hp and SAA levels in cattle with clinical and sub-
clinical mastitis compared to the control groups, but
also they have reported that the increase in clinical
mastitis was superior to that of subclinical mastitis.
Colla et al. [ 7] similarly have reported an increase in
Hp and Fb levels in cattle with subclinical mastitis
and have stated that this may be an indicator in the
early diagnosis of subclinical mastitis. Few previ-
ous studies have indicated that Hp and SAA may
be used in the diagnosis of clinical mastitis in cattle
[9, 15, 21, 29]. The present study revealed similar
results for Hp and SAA elevation with other studies.
Tabrizi et al. [36] and Colla et al. [7] have found
higher fibrinogen levels in cows with both clinical
and subclinical mastitis regarding to healthy milks
and have suggested that this may be beneficial in the
diagnosis of mastitis. However, no elevation was
observed in fibrinogen levels in the present study.

Albumin is accepted as negative acute phase
protein due to its less synthesis by liver during acute
phase response [17]. However, albumin is synthe-
sized in mammary tissues and in mastitic milks, 3.5
fold albumin increase was reported compared to
healthy milks. Normally albumin is accepted as a
negative acute phase protein, but in case of mastitis
an elevation may be observed [33]. In the present
study, no statistically significant increase was re-
corded.

Plasma proteins are mainly synthesized by the
liver. Analysis of total protein concentrations and
percentage of protein fractions are important in var-

ious disease states [23]. Milk protein content was
higher in mastitic cow milks, probably due to the
high amount of somatic cells and bacteria [14]. Be-
sides, increase in bacteria and somatic cells nearby
Alb, suggests an increase in total protein levels and
parameters such as SAA and HP. In our study, an
increase was observed in total protein, but was not
statistically significant.

In conclusion, in mastitic milks, an increase
was expected in total protein due to the increase of
bacteria, somatic cell, Fb, SAA, Hp and Alb levels.
In our study, increase in total protein was observed
which did not have a statistical value. Similarly, an
increase was expected in albumin, which is normal-
ly accepted as a negative acute phase protein due
to its synthesis in the mammary tissue, but no sta-
tistically significant increase was observed. Similar
situation was also valid for Fb, which was previous-
ly reported to increase. However, a statistical eleva-
tion was observed in only milk Hp and SAA among
acute phase proteins. This suggests that these two
parameters, Hp and SAA levels are more sensitive
indicators in mastitis and in clinical practice and
may have a diagnostic value for subclinical mastitis.
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