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Abstract

The aim of this work was to evaluate the relative gene expression levels of the cytokines IL-
1B, IL-8, IL-12, IFN-y, IL-4, IL-10 and TGF-f in somatic milk cells of French Alpine breed,
anestrous goats that were experimentally infected in the left mammary gland with Staphylococ-
cus chromogenes during the lactation peak. Milk samples were obtained from both glands for 21
consecutive days post infection. Total RNA was extracted, and real-time PCR was conducted
using primers specific to each cytokine. The relative RNA expression of the evaluated cytokines
was determined by the comparative method 24T, using milk from the right gland of the goats as
a reference (control) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an endoge-
nous control. According to the Wilcoxon test results, IL-1B and IL-12 expression levels showed
significant differences compared to those in the control group (p<0.05) from 24 hours post infec-
tion until the end of lactation; on day three, IL1p, IL8, IL12 and TGF-f had a statistically signif-
icant change in expression with respect to those in the control group (p<0.05); closer to the end
of the lactation period, there is no overexpression of the anti-inflammatory interleukins (IL-4 and
TGF-B) which may reflect the effort of the host immune system to eradicate the microorganism
from the mammary gland.
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Introduction

Mastitis is one of the most serious diseases for the
dairy industry; in dairy goats, the incidence of clinical
mastitis may not exceed 5%, while subclinical mastitis
is common and about 6 times more than clinical affec-
tion (Wanecka et al. 2019). The main bacterial genera
that cause clinical mastitis are Staphylococcus aureus,
Streptococcus agalactiae, S. uberis, S. dysgalactiae
and coliforms (Thompson et al. 2014, Dore et al. 2016,
Pirzada et al. 2016, Manzanero et al. 2018, Novac et al.
2019, Kim et al. 2019).

The different pathogens that cause mastitis induce
distinct immune responses in the mammary gland, the
interactions between pathogens causing mastitis and
the host immune system are complex because both have
the ability to coevolve, generating ongoing recognition,
response and adaptation events. Because of this phe-
nomenon, pathogens have developed several strategies
to alter and evade host defences in order to survive.
The immune system also adapts and has a broad arse-
nal to control and eliminate threats. (Thompson et al.
2014).

In goats, coagulase negative staphylococci (CNS)
are the main causative agents of mastitis, and it has
been reported that their prevalence in herds ranges from
10 to 30% and sometimes up to 71% (Gelasakis et al.
2016, Novac et al. 2019). Staphylococcus species that
have been frequently reported to cause mastitis in goats
include Staphylococcus chromogenes, S. xylosus and
S. simulans (Dore et al. 2016, Novac et al. 2019).
In the case of S. chromogenes, different in vitro studies
have shown that this strain is the most virulent CNS
(Simojoki et al. 2009). Staphylococcus spp exposure
often leads to the generation of a humoral and cellular
immune response that culminates with the elimination
of the pathogen; however, under certain circumstances,
the bacterium survives in the host and induces persistent
diseases. Despite the large number of studies on the
virulence factors that this bacterial genus possesses and
the survival strategies used by the bacterium to persist
within the host, the immune response during infection
with Staphylococcus spp., is not yet fully understood
(Thompson et al. 2014).

Cytokines are a bridge between the innate immune
response and the adaptive immune response. Chemo-
kines are molecules involved in migration and leuko-
cyte recruitment and are considered immunoregulators.
(Alluwaimi, 2004). Based on the above findings,
the aim of this study was to evaluate the production
of interleukins IL1p, IL4, IL10, ILS, IL12, IFN-y and
TGF-B in mammary gland samples from goats experi-
mentally infected with S. chromogenes by gene expres-
sion analysis, with the purpose of understanding the

immune response induced by S. chromogenes in the
mammary gland of goats.

Materials and Methods

The present study was carried out at the Faculty of
Veterinary Medicine and Zootechnics of the National
Autonomous University of Mexico and at the Laborato-
ry of Agricultural Microbiology of the Autonomous
Metropolitan University. All experimental procedures
were approved by the Local Ethics Commitee for Ani-
mal Experiments.

Animals and experimental infection

Three 7-month-old French Alpine anestrous goats
were used and 5 days before the expected delivery, they
were separated from the herd and placed in isolation.
After birth, the kids were separated from their mothers.
Before and after experimental inoculation, the goats
were tested by clinical examination and California mas-
titis test (CMT) to detect subclinical mastitis (Contreras
et al. 1996). To confirm that samples were free of any
bacterial agent before the experimental infection, 30 ul
of sample was seeded on blood agar and MacConkey
agar plates and both plates were incubated at 37°C
for 24 hours under aerobic conditions. In the case where
no growth was observed, the plates were incubated for
48 further hours until bacterial growth was ruled out
(Manzanero et al. 2018). A total of 38 milk samples
were taken from each goat from the day of birth with
weekly sampling (nine samples in total) until reaching
the lactation peak (approximately 56 days postpartum).
Upon reaching the maximum milk production,
the experimental infection was performed, and from
this day, samples were collected daily for 21 consecu-
tive days. Once this period was over, weekly samples
were taken until the end of lactation (8 samples).
50 mL of milk was obtained from each gland and placed
in new, sterile hermetic bottles. For the experimental
infection of goats, a S. chromogenes isolate obtained
from a case of chronic mastitis in a French Alpine
breed goat was used. The left glands of each goat were
inoculated with the infectious dose of S. chromogenes
(2.1 x 10 CFU) according to Simojoki et al. (2009) and
resuspended in 6 mL of sterile PBS. The right mamma-
ry glands were inoculated with 6 mL of sterile PBS.

qRT-PCR for quantifying bacteria
from milk samples

A Gram stain was performed on the colonies recov-
ered from the milk samples to confirm that they corre-
sponded to Gram positive bacteria with cluster group-
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Table 1. Sequences and conditions of primers.
Gene Sequence (5'-3") Conditions Size (bp)
Extracel F- ACGTGAGCAATATATGAACGC 1 cycle 95°C/5 m, 35 cycles 95°C/1 m, 50°C/1 m, 133
Protein R’- TTATAAATACCTGTTAATGCGCC 72°C/1 m, 1 cycle 72°C/5 m
IL-1B F’-TGCAGCTGGAGGAAGTAGACC 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 112
R’- GTACAGGACAGACTCAAATTCAACTG 72°C/1 m, 1 cycle 72°C/5 m

L4 F'-GACGTCTTTGCTGCCCC 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 122
R’- CCTGTCAAGTCCGCCCA 72°C/1 m, 1 cycle 72°C/5 m

L8 F'-AGTACAGAACTTCGATGCCAATG 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 127
R’- GTAAGCTTAACAATGATTTCTGAATTTTC 72°C/1 m, 1 cycle 72°C/5 m

1L-10 F'-GCGAAAACAAGAGCAAGGC 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 15
R’- GCTTCAGTTTTRCATCTTCGTTGTC 72°C/1 m, 1 cycle 72°C/5 m

L-12 F’-CTCAGCAGTTGGTCGTTTCC 1 cycle 95 °C/5 m, 40 cycles 95 °C/1 m, 60 °C/1 m, 27
i R’- ACATAAACATTTTTCTCCAGTTCCC 72 °C/1 m, 1 cycle 72 °C/5 m

IFN F’-CATCTACTCRCAGGTCCTCTTC 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 120
¥ R’- GCAATGCGGCTGATGGT 72°C/1 m, 1 cycle 72°C/5 m

TGF- B F’-TTA CAA CAG TAC CCG CGA CC 1 cycle 95°C/5 m, 40 cycles 95°C/1 m, 60°C/1 m, 110

R’-ATT TTGTTGCCGTATTCCACC

72°C/1 m, 1 cycle 72°C/5 m

ing. To determine the bacterial load in each of the milk
samples, from day zero of infection until the last sam-
pling before drying off, DNA extraction with guanidine
isothiocyanate and silica was performed according to
the protocol described by Cremonesi et al. (2006). Once
the DNA was extracted, the bacterial count was mea-
sured using primers specific to the extracellular protein
gene of S. chromogenes. qRT-PCR was performed
on the QIAGEN Rotor-Gene Q Splex HRM Platform
thermocycler using 12.5 pl of SYBR Green (Thermo-
Fisher Catalogue Number K0251) as a detection sys-
tem, 1 pl of each primer (forward and reverse) at a con-
centration of 5 uM, 1 pul of DNA and 25 pl g.s of nucle-
ase-free water for each reaction.

RNA extraction, quantification and reverse tran-
scription

RNA extraction was performed according to Mura
et al. (2013), the RNA concentration was quantified by
spectrophotometry at an absorbance of 260 nm (OD,, ).
Purity was evaluated by an OD,/OD, ratio between
1.9 and 2. To synthesize complementary DNA (cDNA),
the Maxima First Strand cDNA Synthesis Kit for
RT-qPCR (Thermo Fisher Catalogue Number 1672)
was used according to the manufacturer’s instructions.
The primers used for interleukins IL1B, IL8, IL12,
IFN-y, IL4, IL10 and TGF-p, and also for the enzyme
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
utilized as a normalizer in qRT-PCR, were designed
using the DNAman programme version 7.02. (Table 1).
gRT-PCR was performed on the QIAGEN Rotor-Gene
Q 5Splex HRM Platform thermocycler using 12.5 pl
of SYBR Green, 1 pl of each primer (forward and

reverse) at a concentration of 5 uM, 5 pug of cDNA and
25 ul g.s. of nuclease-free water for each reaction. After
40 cycles, the dissociation curves of all samples were
analysed to verify the absence of nonspecific products
and dimer formation of the primers.

mRNA expression analysis

The 224t comparative method was performed using
noninfected mammary gland milk samples as a refe-
rence, whereas the glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) gene was used as an endogenous
control (Livack and Schmiigen 2001).

Statistical analysis

To determine the statistical significance of the dif-
ferences in mRNA transcripts between the infected
glands and the control glands, the Wilcoxon test was
used for nonparametric data using GraphPad Prism
Software version 7.0.

Results

Before experimental inoculation, the mammary
glands were clinically healthy and negative to CMT,
after inoculation, the left glands of the goats showed
signs of clinical mastitis including swelling, heat, red-
ness and pain, CMT was positive at a score of 2 and 3
(2 000 000 ->10 000 000 cells/ml) until the end of lac-
tation and milk samples were positive for growth of
bacterial colonies compatible with Staphylococcus spp.
in the 21 consecutive samples, as in the 8 samples of the
final stage of lactation. The right glands remained
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Table 2. Relative expression of genes in infected/control quarters with the respective standard deviation of the mean (* p<0.05).
IL-1B IL-8 IL-12 IFN-Y IL-4 IL-10 TGF-B
Day 3 -3.3+2.12 -6.15+6.86 0.265+0.52 -5.5+6.36 -4.7+8.91 0.47+2.08 1.055+0.02
CONTROL Day 19 -0.575+2.58 -6.52+11.99  0.795+1.12 -4.7+6.65 1.05+0.57 6.65+4.68 0.145+2.33
Day 70 -0.595+1.85 -7.15+9.69 -0.2+0.14 -6.3+8.06 -6.4+£7.92 4.2549.12 -0.09+1.15
Day77  -1.75+1.34 -4.25+9.55 0.92+0.57 -5.85+7.28 0.64+2.18 4.985+5.81 1.02+2.29
Day 3 1.79%£2.12  1.935*%£1.51 3.235%+1.44  -4.25+3.18 1.06+4.75 1.675+4.35  3.055*+£2.74
Dayl9  1.64*%+2.58  -2.505+£6.71  2.96*+3.17  -2.77*+4.43  2.005+2.98  8.56*+2.04  2.55%+3.75
INFECTED
Day 70 -0.015*+1.85 -5.05+2.65 2.875*%+3.47  3.02*+4.26 2.225+4.42 7.98%+5.26 2.535+3.26
Day 77 0.535*+1.34 -3.035+£7.05 3.025*+1.36  9.53*+3.35 2.23+4.06 2.63*%+3.25  2.535+4.57
UFC/mL
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Fig. 1. Bacterial count during post-infection samples with S. chromogenes, using the extracellular protein gene.

healthy, since CMT were negative (< 480 000 cells/ml)
and no bacterial colonies were observed in the general
bacteriological analysis, and the samples were negative
for the 16S gene of Staphylococcus spp, as demonstrat-
ed by PCR. The relative count of S. chromogenes was
obtained for each post-infection sample collected from
the left glands of both goats. The 29 post-infection sam-
ples were positive for the presence of bacteria. To quan-
tify pro- and anti-inflammatory interleukins, we select-
ed sampling days that would represent the immune

response in the mammary gland during the acute and
chronic stages of the disease. The selected days were 3,
19, 70 and 77 post-infection (Fig. 1). Differences in the
expression levels of the seven evaluated interleukins
from the infected group and the control group with
respect to the levels at day zero of infection (that is,
before the immune response of the mammary gland was
stimulated) were evaluated. On day three, IL1J, IL8,
IL12 and TGF-B had a statistically significant change
in expression with respect to those in the control group
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Fig. 2. Difference in the number of mRNA transcripts on the different days post-infection in the infected group. (p>0.05), * p<0.05, **
p<0.01, *** p< 0.001.

(p<0.05). On day 19 and 70 post infection, IL1p, IL12, Changes in the expression of interleukins
IFN-y, IL10 and TGF-p showed differences with in the infected group over time
respect to those in the control group (p<0.05), while on
day 77, IL1pB, IL12, IFN-y and IL10 expression levels
were different with respect to those in the control group
(p<0.05) (Table 2)

IL1B showed differences in its expression levels
on days 3 and 19 compared to days 70 and 77 (p<0.05),
whereas IL8 showed significant differences between
days 3 and 70 and on days 19 and 77 (p<0.05). IL12
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only showed differences in its expression levels
between days 3 and 77 (p<0.05). IFN-y showed signifi-
cant differences on day 3 with respect to days 19, 70
and 77 and on day 19 with respect to day 77 (p<0.05).
Regarding anti-inflammatory interleukins, IL4 only
showed a difference between days 3 and 77 (p<0.05),
while IL10 showed differences on day 19 with respect
to days 70 and 77 (p<0.01) and on day 70 with respect
to day 77 (p<0.001). Finally, for TGF-B, a difference in
expression was only observed between days 3 and 70
(p<0.05) (Fig. 2).

Discussion

The bacterial presence in the gland was determined
from the first 24 hours post infection until the last milk
sampling before drying off of the goats (Fig. 1). Previ-
ously, experimental infections in six Holstein cows
using S. chromogenes isolates showed that all animals
reached a peak in bacterial growth at 8 hours post infec-
tion (Simojoki et al. 2009); however, 46 hours later,
no bacterial growth was detected in the culture media,
except in one animal that continued to shed bacteria
until 14 days post infection. The dose used by Simojoki
et al. (2009) was the same as the one we used in this
study. In both cases, the mammary gland was infected
despite working with different animal species, which
developed subclinical mastitis without presenting
visible physical changes in the mammary gland or any
clinical signs. However, the cows were able to clear the
infection, and it should be noted that different strains
were used in the two studies, so there may be distinct
virulence factors that contribute to the presentation
of chronic mastitis and the elimination of microorga-
nisms in animals (Piccart et al. 2016). This inability
to eliminate the bacteria by the animals is similar
to the deficiency that occurs in mastitis cases caused
by S. aureus in cattle, where researchers from different
countries have indicated that S. aureus persists during
full lactations and where failure in bacterial recognition
by TLR2 has been observed (Yang et al. 2008).

In the research conducted by Yang et al. (2008),
it was reported that after infection of bovine mammary
gland epithelial cells with S. aureus and E. coli, both
agents induced the expression of IL8 and TNF-q, genes.
In the case of S. aureus, lipoteichoic acid (LTA), as well
as the whole bacterium, failed to activate NF-Kf3 in cell
cultures. Most likely, there are several mechanisms that
block the transduction of the TLR signal. TGF-f3 blocks
the MyD88-dependent signalling pathway through the
subsequent ubiquitination and proteasomal degradation
of this factor. However, upon inhibition of MYDS8,
the activation of inducers such as -defensins and iNOS

(nitric oxide synthetase), or proteins of the acute phase
of inflammation (e.g., SAA3 or HP) does not occur,
leading to persistent infections (Yang et al. 2008). It has
been demonstrated that mastitis caused by S. aureus
increases TGF-f3 expression in the mammary gland,
which could be indicative of the activation of the above
mechanism (Andreotti et al. 2014). There are other
mechanisms that directly block the activation of NF-Kf3,
such as interference with the IK complex or even
interference with the translocation to the nucleus of the
p65 component of NF-Kf (Yang et al. 2008).

In this investigation, the presence of bacteria in the
mammary gland was demonstrated by traditional bacte-
riological and molecular methods. When comparing the
gene expression of interleukins with that in the control
group, it was observed that on day 3 post infection there
was increased expression of IL1p, IL8, IL12 and TGF-f
with respect to that in the control group (Table 2).
Fournier and Philpott (2005) reported that S. aureus
was able to induce proinflammatory responses with
peak interleukin levels at 50-75 hours after infection
compared to Gram-negative bacteria, in which the
interleukin peak appeared within 5 hours after infec-
tion. However, it has also been reported that Staphylo-
coccus spp wall antigens such as PG, LTA and other
proteins are not enough to increase the presence of
proinflammatory interleukins such as TNF-o (Lee and
Bannerman 2006, Bulgari et al. 2017).

IL1p transcripts were detected in this study after
infection with S. chromogenes. IL1f is one of the main
proinflammatory cytokines which in turn stimulates the
production of IL8, the main neutrophil chemoattractant
towards the site of infection (Alluwaimi 2004). In addi-
tion, the presence of IL12, which is produced by macro-
phages, neutrophils, monocytes and B lymphocytes,
was also observed. One of the main functions of IL12
is to act as a mediator between the innate immune
response and the adaptive immune response by regula-
ting T cell polarization towards a TH1-type response,
which is characterized by intense phagocytic activity
(Ezzat et al. 2014). Alluwaimi et al. (2004) reported
the presence of IL12 at 24 hours post infection with
S. aureus. IL12 activates macrophages by stimulating
the production of IFN-y by T cells and NK cells;
however, on day 3 post infection, the overexpression
of IL12 was not observed. IFN-y also functions as
a mediator between the innate and adaptive immune
responses and regulates the expression of MHC-I and
MHC-II molecules (Alluwaimi 2004). In another study
conducted by the same group in 2004, IFN-y was
detected in healthy mammary glands and glands with
mastitis, unlike Bougarn et al. (2010), who reported
the absence of this interleukin in mastitis caused by
Staphylococcus spp. Lee and Bannerman (2006) found
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that persistent intramammary infections in cows are
characterized by an increase in the number of reco-
vered bacteria. Other authors such as Person et al.
(1997), who studied sheep experimentally infected with
S. aureus, found an increase in IFN-y during the first
24 hours post infection. In this investigation, [FN-y was
expressed on day 19 post infection, which could reflect
a trend towards increasing the TH1 immune response to
eradicate bacteria that were not eliminated by innate
immune response mechanisms (Bannerman, 2009).

TGF-B is a cytokine with anti-inflammatory activity
that also regulates the development of the mammary
gland. Additionally, it acts on macrophages and
other cell types to inhibit proinflammatory responses
by decreasing the production of proinflammatory cyto-
kines and chemokines (Persson et al. 1997). Several
authors have detected this cytokine even in the absence
of experimental infections, in which the TGF-f3 peak
is maintained for up to 72 hours. Other functions
of this cytokine include regulating the growth of the
galactophore ducts and alveolar development (Lee and
Bannerman 2006). An increase in this cytokine has
been reported in chronic S. aureus infections, which
could occur in order to reduce tissue damage and con-
tribute to the repair mechanisms of the mammary gland,
since TGF-f is essential to limiting the inflammatory
focus (Andreotti et al. 2014). On days 19 and 70 post
infection, TGF-B was still expressed, which could
be due to the suppression of inflammation and the
increase in phagocytosis of bacterial residues and
inflammatory cells by this cytokine. TGF-3 could also
be involved in the repair of injured parenchyma
in chronic infections during mammary involution
(Andreotti et al. 2014). Most likely, due to this activity,
TGF-B was present in the mammary gland, and on day
77 post infection day, there was no difference from
the levels in the control group, since the uninfected
mammary gland also decreased milk production due
to drying off.

For the anti-inflammatory interleukin 1L4, no sig-
nificant differences were found with respect to the con-
trol group, consistent with the investigation by Riollet
et al. (2000), who also reported the lack of expression
of IL4 in cattle infected with S. aureus. According
to Faoucon et al. (2009), lactating goats negatively
regulate IL4 signalling, which is characterized by
a decrease in the IL4R and NFATc2 genes. The proteins
encoded by these genes are specific to TH2 lympho-
cytes, which could be related to the inhibition of 1L4.
On the other hand, IL10 was significantly expressed on
day 19 post infection. This interleukin is produced by
macrophages and acts during acute and chronic infec-
tions, preventing the production of proinflammatory
cytokines and chemokines. IL10 has other func-

tions, such as (1) inhibiting antigen-presenting
cells (T lymphocytes) by decreasing the expression
of MHC-II (Couper et al. 2007); (2) reducing the exces-
sive TH1 response characterized by an overproduction
of IFN-y and TNF-a; (3) reducing inflammation; and
(4) decreasing pathological changes by regulating TH2
responses to avoid overproduction of IL4, IL5 and
IL13, which can lead to the generation of severe
fibrosis. The above characteristics could be the reason
why IL4 was not overexpressed in the infected glands.
Interleukins IL1B3, IL12, IFN-y, IL10 and TGF-3 were
overexpressed on both day 19 and 70 post infection
(Table 2). The innate immune system was not able to
control the infection and eliminate S. chromogenes.
Based on the expression pattern of interleukins,
a TH1 response is likely to have predominated.
In the last sampling performed on day 77 post infection,
the expression of TGF-B was no longer significant,
since it was likely needed for the repair of the mam-
mary gland (Table 2).

The IL1p expression levels were different between
days 3 and 70, as well as on days 3 and 77 post infection
(p<0.05). The highest expression was observed on day
3 post infection, probably due to the proinflammatory
activity at that time. The expression also showed differ-
ences between days 19 and 77 post infection, although
it was higher. Bougarn et al. (2010) reported that stimu-
lation by LTA and muramyl dipeptide was not sufficient
to detect the presence of this cytokine in the cell culture
supernatant. These bacterial wall antigens synergisti-
cally induce inflammation. Megyeri et al. (2002) men-
tioned that S. aureus and S. epidermidis (another
species included in the CNS) increase the expression
of IL1B by the same magnitude, and this could
be caused by the different virulence factors of Staphylo-
coccus species (Piccart et al. 2016)

Regarding 118, there was only a difference in its
expression on day 3 post infection. Lee and Bannerman
(2006) were not able to detect IL8 after experimental
infection with S. aureus in cattle, while Lee and Ban-
nerman (2006) reported that IL8 transcripts were con-
siderably lower compared to those in E. coli infection.
Other research indicates a decrease or complete absence
of IL8 expression as a response to intramammary infec-
tions caused by S. aureus (Piccart et al. 2016). The IL12
and IFN-y expression levels were always significantly
different compared to those in the control group.
However, the expression of IFN-y was not significant
on day 3 post infection. IL12 showed a significant dif-
ference between days 3 and 77 post infection. IL12 was
always expressed; and its greatest expression occurred
on day three, when it was most likely acting as a regu-
lator of TNF-a, IL8 and IL10 production. IFN-y expres-
sion was higher as the infection progressed.
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IL4 expression showed no significant difference
from the control group, although this interleukin was
detected between days 3 and 77 post infection, with the
greatest expression on day three. The lowest expression
was on day 77, which could indicate that IL10 is the
main anti-inflammatory interleukin associated with this
infection. Fonseca et al. (2009) found no significant
differences in the expression of IL4 between healthy
and infected glands; the main function of IL4 is to
mediate humoral immune responses; mastitis caused
by Staphylococcus spp. mainly induces cellular immu-
nity. TGF-B only showed significant differences
between days 3 and 77 post infection; however, on day
three, the expression was slightly higher. According
to Lahouassa et al. (2007), TGF-f is normally expressed
in the healthy gland due to its functions within the
mammary gland.

Experimental infections with S. chromogenes have
only been performed in cows. Piccart et al. (2016)
reported a moderate immune response in these animals.
In that study, the authors infected different animals with
different S. chromogenes isolates, and one of the iso-
lates was able to induce IL1[ expression, but the others
did not induce any change in gene expression. Leitner
et al. (2012) reported that the immune response caused
by CNS is similar; however, the animals were not able
to eliminate the bacteria.

Conclusions

This study has shown that the mammary gland was
unable to eliminate S. chromogenes. These results
are similar to those previously reported for S. aureus;
however, closer to the end of the lactation period there
is no overexpression of the anti-inflammatory interleu-
kins, which may reflect the effort of the host immune
system to eradicate the bacteria. Mastitis caused
by CNS requires further studies to clarify the bacterial
persistence phenomenon.
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