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Background: This study aimed to evaluate the role of biomarkers in the pathophysiological process induced by a Staphylococcus
aureus strain obtained in a hospital environment. For this, we intraperitoneally inoculated groups of male BALB/c
mice with S. aureus, using a clinical isolate (CI) of S. aureus.

Material/Methods: Mice were divided into groups according to time of euthanasia (24, 48, 72, 96, 120, 144, and 168 hours of in-
fection). After being euthanized, blood samples were collected for quantification of microorganisms and leu-
kocytes, as well as measurement of biomarkers of tumor necrosis factor alpha (TNF-o), interleukin 6 (IL-6),
C-reactive protein (CRP), and Procalcitonin (PCT) by ELISA. Heart, kidneys, and lungs were removed for histo-
pathological analysis, assessment of biomarkers of tissue expression by RT-PCR (polymerase chain reaction with
reverse transcriptase), and quantification of microorganisms by real-time quantitative PCR (real-time PCR).
Results: The animals infected at between 120 hours and 168 hours had the highest blood levels of S. aureus. We ob-
served that infection promoted increases in the levels of circulating neutrophils and monocytes. However, there
was a reduction of circulating neutrophils and monocytes after 96 hours of infection. The infected mice also
had increased levels of blood lymphocytes. In this model of infection with S. aureus, IL-6, CRP, and PCT demon-
strated greater fidelity as markers of infection, since serum levels were elevated and lowered along with the
number of circulating neutrophils and monocytes after resolution of the infection. The lungs showed hyper-
emia, with enlargement of the alveolar septa. On the other hand, infection with S. aureus did not promote vis-
ible change in histological tissue in the heart and kidneys.

Conclusions: In this model of infection with S. aureus, IL-6, CRP, and PCT demonstrated greater fidelity as markers of infec-
tion, since serum levels were elevated and lowered along with the number of circulating neutrophils and mono-
cytes after resolution of the infection. We believe our results may provide a better understanding of the patho-
physiology, as well as aid in the search for a more reliable method of diagnosis.
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Background

Sepsis is an acute inflammatory response against an infective
organism, accompanied by a complex cascade of cellular and
chemical interactions. The aim of the hyperdynamic sate is to
eliminate the invasive organism from the body. Despite this
protective mechanism, the acute response can lead to tissue
damage and cause life-threatening complication if not prop-
erly and quickly treated [1]. The incidence of sepsis has in-
creased in recent years due to the increase of the elderly pop-
ulation, longer hospitalization, and more invasive procedures;
therefore, sepsis is growing in epidemiological importance [2].
Nosocomial infectious due to contaminated intravenous fluid,
blood products, and medications have been documented [3].
The mortality rates of sepsis range from 12.8% for sepsis and
20.7% for severe sepsis, to up to 45.7% for septic shock [4].

The lipopolysaccharide (LPS) of gram-negative bacteria is known
to be the main constituent inducing sepsis, which stimulates
the release of endogenous mediators responsible for patho-
physiological changes associated with high mortality [5]. Recent
clinical studies have demonstrated that the causes of sepsis
by gram-positive bacteria have been increasing, being respon-
sible for 50% of cases of severe sepsis or septic shock in hos-
pital intensive care units (ICUs) [6]. S. aureus is among these
microorganisms, and is the leading cause of sepsis among
gram-positive bacteria.

S. aureus was isolated from the blood of 52.4% of patients
with sepsis, and the strains of S. aureus resistant to methicil-
lin (MRSA) were recorded [7]. The peptidoglycan (PG) and lipo-
teichoic acids (LTA) of S. aureus, recognized by toll-like recep-
tor 2 (TLR2) in monocytes/macrophages, induce inflammatory
responses due to activation of nuclear factor kappa B (NF B).
This activation produces inflammatory mediators intended to
eliminate the microorganism [8]. These mediators can be mea-
sured and used as markers of infection [9].

Biomarkers for sepsis include interleukin 6 (IL-6), tumor necro-
sis factor alpha (TNF-) and C-reactive protein (CRP), and pro-
calcitonin (PCT) has recently received considerable attention.
IL-6 is a cytokine acting in both innate immune responses, syn-
thesized by monocytes, endothelial cells, fibroblasts, and oth-
er cells in response to microorganism stimulation [10]. TNF-a
is the main mediator of the acute inflammatory response to
gram-negative bacteria and other infectious microorganisms.
This cytokine is responsible for many systemic complications
in severe infections, such as disseminated intravascular co-
agulation [11].

CRP is an acute-phase protein produced by hepatocytes, and
activates the complement system. It is used as a marker of
inflammation and tissue damage [12]. Systemic levels of CRP
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are elevated in septic patients compared with non-septic pa-
tients [13]. PCT is a pro-hormone calcitonin, and studies show
that their serum levels can be used to distinguish symptoms of
sepsis from a non-infectious inflammatory response, being an
important biomarker for differential diagnosis [14]. However,
the sepsis diagnosis and assessment of severity becomes
complicated due to the highly variable nature of its signs and
symptoms, as well as by the lack of sensitive and specific lab-
oratory tests in differentiating between infectious and non-
infectious cases [15].

Therefore, there is a need for biomarkers that can be used to
assess the severity and the evolution of infection. The aim of
this study was to evaluate the role of biomarkers in sepsis in-
duced by S. aureus. Our group established a model of infec-
tion in mice using a clinical isolate of S. aureus, and evaluat-
ed blood parameters, gene expression, and histopathology.

Material and Methods

Bacteria

A clinical isolate of S. aureus (CI) was used in this study. This
isolate was obtained from a previous study that examined
the presence of this organism in a hospital environment. In
this study, clinical samples were obtained from ICU environ-
ments and equipment surfaces with a high possibility of con-
tamination. In the same study, selection tests and isolation of
sensitivity to antibiotics, of biofilm formation, and extraction
of DNA for amplification of the mecA gene were done, which
were positive for methicillin resistance. Pathogenicity tests for
the detection of virulence genes also were done, which proved
positive for staphylococcal enterotoxin type A genes (SEA),
staphylococcal enterotoxin type B (SEB), leukocidin Panton-
Valentine (PVL), and the 1gG binding region and X region of
protein A (Spa) [16]. Staphylococci were grown, cloned, and
stored at —70°C. BHI (brain heart infusion) and mannitol salt
agar (MSA) were used to cultivate the strain S. aureus for sub-
sequent infection of the animals.

Animals

Forty-five male BALB/c mice (6-8 weeks old), provided by the
University of Campinas, Sdo Paulo, were used. BALB/c mice are
widely used for the study of sepsis. BALB/c mice tend to gen-
erate humoral immunity and Th2 cytokines, a process that has
sometimes been associated with development of sepsis [17].
The animals received food and water ad libitum. The study was
conducted at the Laboratory of Microbiology and Immunology,
Institute for Multidisciplinary Health, Federal University of
Bahia, Brazil. The study was approved by the Ethics Committee
on Animal Use (CEUA), University of Sao Paulo.
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Experimental infection of mice

Groups of BALB/c mice were inoculated intraperitoneally with
S. aureus. The strain was subcultured in mannitol salt agar
at 37°C overnight. On the day of the experiment, a bacterial
suspension was prepared by sodium chloride 0.9% solution
and the inoculum (1 ml) was adjusted by spectrophotome-
ter (1x108 CFU/mL). The animals were divided into groups ac-
cording to the time of euthanasia (24, 48, 72, 96, 120, 144,
and 168 hours of infection). The control groups of mice were
inoculated with sterile saline and sacrificed at a specific time
(168 hours). After onset of infection, the animals were sacri-
ficed by decapitation.

Fluid and tissue collection

After euthanasia, blood samples were collected into tubes with
EDTA and without EDTA. The samples with EDTA were used for
total and differential blood count. The samples without EDTA
were centrifuged at 2200 g for 5 minutes at 4°C. The serum was
stored at —80°C for the measurement of biomarkers by ELISA
(enzyme-linked immunosorbent assay). The coagulum was used
for quantification of bacterial load by real-time PCR (qPCR).

Heart, kidneys, and lungs were removed and fractionated for
analysis. A portion of the material was used for histopathol-
ogy. The other part was stored at —80°C for the performance
of molecular techniques (RT-PCR and gPCR).

Total and differential blood cell count

For total blood cell count, 20 ul of blood (collected in EDTA)
were mixed with 400 pl of liquid thinner and the sample was
transferred to a Neubauer chamber to perform the leukocyte
count in an increase of 40x. The differential blood cell count
was stained by a Panoptic kit. One hundred leukocytes were
counted using an immersion objective and the different types
of leukocytes and their values were counted and recorded.
Based on the total leukocyte count and percentage values
found in the differential count, the absolute values were cal-
culated for each leukocyte.

S. aureus quantification

The blood DNA was extracted according to the protocol of an
Invitek (Stratec®) kit. DNA from tissue was extracted by the phe-
nol-chloroform-thiocyanate using the Trizol® platform [18]. The
real-time PCR was performed in duplicate, using the Applied
Biosystems platform. This technique was performed by us-
ing TagMan Probe using a basic amplification protocol. This
protocol included, in a final reaction volume of 25 pl, 12.5 pl
of Master Mix (Applied Biosystems), 1.12 pl of primer LTnucF
(AAATTACATAAAGAACCTGCGACA), 1.12 ul of primer LTnucR
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(GAATGTCATTGGTTGACCTTTGTA) (20 pmol), 0.75 pl probe (10 mM),
7.0 pl of water, and 2.5 pl of DNA. Quantification was performed
using an absolute quantification technique, based on a predeter-
mined standard curve ranging from 107 to 10 microorganisms/uL.

Measurement of biomarkers

Sandwich ELISA was performed on biomarkers IL-6 (eBIOSCI-
ENCE), TNF-o. (eBIOSCIENCE), PCR (Life Diagnostics), and PCT
(RayBio®). An ELISA 96-well plate was sensitized with a specif-
ic capture antibody and incubated overnight at 4°C. The wells
were washed to remove free antibodies. After washing, the
detection antibody was added. The wells were washed again
and added to the secondary antibody conjugated to streptavi-
din peroxidase enzyme. After further washing, a substrate so-
lution of tetramethylbenzidine (TMB) was added to the wells
and the color developed in proportion to the amount of bio-
marker. The stop solution was added to the following section,
changing the color from blue to yellow, and the color intensi-
ty was measured in an ELISA reader at 450 nm.

RNA isolation and RT-PCR

Total RNAm was extracted by the phenol-chloroform-thiocya-
nate using Trizol®. Extracted RNAm was quantified by spectro-
photometry (NanoDrop ND-1000, Witec Ag, Littau, Switzerland).
Equal amounts of RNAm per tissue were subjected to re-
verse transcription (RT) by Random oligo dT-primers with re-
verse transcriptase (Invitrogen®). After cDNA synthesis, poly-
merase chain reaction (PCR) amplification of the cDNA was
performed for TNF-q, IL-6, PCT, and CRP. The amplified cDNA
was electrophoresed in 1% agarose gels containing ethidium
bromide, and quantities were analyzed by densitometry using
Image) software (the Research Service Branch of the National
Institute of Health, Bethesda, MD, USA). The relative expres-
sion of each gene was normalized to the intensity of a house-
keeping gene, B-actin. The expression level of each gene is re-
ported as a ratio relative to the level of normalized expression
in a control sample.

Morphological and histological analysis

Heart, kidney, and lung tissues were fixed in methacarn solu-
tion (60% methanol, 30% chloroform, and 10% glacial acetic
acid) for approximately 24 hours, embedded in paraffin, and
cut into 4-um sections. The slides were stained with hema-
toxylin and eosin to evaluate the intensity of inflammation.
The measurements were performed with the aid of a comput-
erized interactive image analysis (Image Pro Plus 4.1 imaging
software from Media Cybernetics, Silver Spring, MD, USA) and
based on the scoring standard. A video camera attached to the
microscope optical system transmitted from each microscopic
field, which was converted into a digital image.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




de Oliveira TH.C. et al.:

AN I MAL STU DY Sepsis induced by Staphylococcus aureus: Participation of biomarkers in a murine model

© Med Sci Monit, 2015; 21: 345-355

A
600 *XK
500 —
=
S 0 6000 -
g £
S 300 =2
= g 40+
g E]
Zizoo . =
S 2000
“ 100
0- N 0-
Saline 24 48 72 96 120 144 168 Saline 48 72 96 120 144 168
Time after infection (h) Time after infection (h)
Figure 1. Quantification in blood using qPCR of Staphylococcus B
aureus in a sepsis model induced by clinical strain 1200 7 **%
in Balb/c mice infected for 7 days. Infected animals
showed higher systemic levels of S. aureus within 120
hours and 168 hours of infection. *** p<0.05 vs. Saline. 900
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Statistical analysis was performed using GraphPad Prism, 5.0
(GraphPad Software, San Diego, CA, USA). The comparisons
made in the experiments and were determined by individual
variability or error variation (s2) by analysis of variance one-
way ANOVA followed by the Newman-Keuls test of compari-
son. The results are expressed as mean plus or minus the stan-
dard error of the mean. Statistical differences were considered
significant at p<0.05. C
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During the study period, all animals survived. No complica-
tions were observed related to induction of sepsis or treat-
ment technique.
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Infected animals showed higher levels of S. aureus in blood
between 120 hours and 168 hours of infection (Figure 1).
However, no S. aureus was detected by qPCR in any of the or-
gans studied.
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Figure 2. Blood leukocytes of BALB/c mice infected for 7 days
Leukocyte count with strain clinical isolate of S. aureus. The animals
infected showed significant increases in blood levels

We observed that infection promoted increases in the levels of of both neutrophils (A) and monocytes (B), pe.aklng at
between 96 and 120 hours. *** p<0.05 vs. Saline. The

circulating neutrophils (Flgurfa 2A) ar.ld morlocytes (Flgu.re 2B). lymphocytes (C) showed considerable reduction after
However, there was a reduction of circulating neutrophils and 72 hours of infection. *** p<0.05 vs. 96, 120, and 144
monocytes after 96 hours of infection. The infected mice also hours.

had increased levels of blood lymphocytes (Figure 2C). The
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Figure 3. Plasma levels of biomarkers in BALB/c mice infected for 7 days with clinical isolate strain of S. aureus. The increase in plasma
was more significant with respect to IL-6 (A) and PCT (D) compared to the control group. A borderline significant relation was
observed in TNF-a (B) and CRP (C) dosages. *** p<0.05 vs. saline.

lymphocytes showed significant decreases after 72 hours of
infection. However, there was a considerable tendency to re-
turn to baseline by 168 hours (Figure 2C).

Biomarker serum levels and gene expression

To study the mechanisms involved in the different response
times of infection, we analyzed serum levels of TNF-o, IL-6, PCT,
and CRP by ELISA after infection with S. aureus. In infected ani-
mals, the serum levels of biomarkers increased in direct relation
to the time of infection. The increase in serum was more signif-
icant with respect to IL-6 (Figure 3A), CRP (Figure 3C), and PCT
(Figure 3D) compared to the control group. A borderline signif-
icant correlation was observed in TNF-o dosages (Figure 3B).
Infected animals showed an increased expression of IL-6 in the
heart within 48 hours of infection (Figure 4A). In the kidney, the
increase was more evident at 96 hours (Figure 4B), and in the
lung there was a more pronounced increase of IL-6 at 72 hours
of infection (Figure 4C). There was a significant increase in the
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expression of PCT, which was more evident within 96 hours of
infection in the heart (Figure 5A), kidney (Figure 5B) and lung
(Figure 5C). Infected animals also showed significant increases
in gene expression of CRP in the heart within 24 hours of infec-
tion (Figure 6A), and 48 hours in the kidney (Figure 6B) and lung
(Figure 6C), as well as an increased gene expression of TNF-o
between 48 and 72 hours of infection in the heart (Figure 7A),
kidney (Figure 7B), and lung (Figure 7C). In this model of infec-
tion with S. aureus, IL-6, CRP and PCT demonstrated greater fi-
delity as markers of infection, since serum levels were elevated
and lowered along with the number of circulating neutrophils
and monocytes after resolution of the infection.

Histological inflammation

No histological changes were observed in infected animals
in the heart or kidneys (data not shown). These animals dif-
fered in the histological analysis of the lungs. In the control
group and 24 hours after infection, we observed clear alveoli
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Figure 4. Gene expression of IL-6 in BALB/c mice infected

for 7 days with clinical isolate strain of S. aureus in
heart (A), kidneys (B) and lungs (C). Infected animals
showed an increased expression of IL-6 in the heart
within 48 hours. In the kidneys the increase was more
evident at 96 hours. In the lungs there was a more
pronounced increase of IL-6 at 72 hours of infection.
Electrophoresis represents the gene expression profile
obtained from lung tissue. *** p<0.05 vs. saline.
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Figure 5. Gene expression of PCT in BALB/c mice infected for 7

days with clinical isolate strain of S. aureus in heart
(A), kidneys (B), and lungs (C). There was a significant
increase in the expression of PCT, more evident within
96 hours of infection in the heart, kidneys and lungs.
Electrophoresis represents the gene expression profile
obtained from lung tissue. *** p<0.05 vs. saline.
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Figure 6. Gene expression of CRP in BALB/c mice infected for 7
days with clinical isolate strain of S. aureus in heart (A),
kidneys (B), and lungs (C). Infected animals showed
significant increases in gene expression of CRP in the
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gene expression profile obtained from lung tissue.
p<0.05 vs. saline.
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Figure 7. Gene expression of TNF-o in BALB/c mice infected for 7

days with clinical isolate strain of S. aureus in heart (A),
kidneys (B), and lungs (C). Infected animals showed an
increased gene expression of TNF-o. between 48 and
72 hours of infection in the heart, kidneys, and lungs.
Electrophoresis represents the gene expression profile
obtained from lung tissue. *** p<0.05 vs. saline.
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without cellular infiltration. However, there was marked hy-
peremia with more pronounced enlargement of the alveolar
septa between 48 and 96 hours, and it was less pronounced,
but still present, within 144 hours and 168 hours (Figure 8).

Discussion

Infected animals showed higher levels of S. aureus in blood
between 120 hours and 168 hours of infection. However, de-
tection of S. aureus by gPCR was not observed in any of the
organs studied. Similar findings were reported by Verdrengh
and Tarkowski [19]. Bloodstream infections by S. aureus are
among the most prevalent and difficult to treat and are asso-
ciated with high mortality and high costs to the health care
system [20]. According to Deitch (1990), the most probable
mechanism of this increase in the bloodstream bacteria is in-
jury of the gut mucosal barrier caused by an increase of micro-
organisms in the peritoneum, which results in villous edema
and lesions of the lamina propria. Once the damaged mucosal
barrier, microorganisms, and their components reach the lam-
ina propria, they are phagocytized by resident macrophages
and reach the mesenteric lymph nodes. From there they can
spread to the thoracic duct, the veins of the portal system, liv-
er, and lungs and initiate systemic circulation and then spread
to other organs.

The ability to up-regulate virulence factors under stress stim-
uli (e.g., the host immune response) is a key factor in the per-
sistence of S. aureus in the bloodstream and in the formation
of secondary foci of infection [21]. This is because strains of S.
aureus can adhere to and colonize the skin and mucous mem-
branes of the nostrils to invade the bloodstream. Damage to
the skin and the use of its virulence factors may result in blood-
stream infections [22]. In the infection model of this study,
peritonitis caused by the injection of large doses of S. aureus
triggered a classic inflammatory response, but initially occur-
ring where cytokines were released to combat invasion. These
proinflammatory mediators assist local recruitment of neutro-
phils and monocytes to destroy the microorganism [23]. This
may contribute to partial elimination of the microorganisms
at the local site of infection, contributing to non-detection in
the organs studied.

We also observed that infection with the ATCC strains and
clinical isolates promoted increases in the levels of circulat-
ing neutrophils and monocytes and that infected mice had in-
creased levels of blood lymphocytes. However, there was a re-
duction of circulating neutrophils and monocytes after 96 hours
of infection. These findings are consistent with other studies
previously reported in the literature [2,24,25]. Inappropriate
activation of neutrophils contributes to the pathological man-
ifestation of multiple organ failure [25]. Thus, the increase of
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neutrophils may have contributed to the elimination of the mi-
croorganism. In this study, we observed that there was a res-
olution of the infection. The increase and the decrease of S.
aureus in the blood occurred simultaneously with neutrophils
and monocytes at different times of infection, demonstrat-
ing that there was a beneficial effect on leukocyte function
of eliminating the microorganism. This effect may be caused
by cytokines such as the granulocyte colony-stimulating fac-
tor (G-CSF), which causes release of neutrophils from the bone
marrow and promotes their maturation and activation [26].
Other experimental studies showed that there is a defect in
leukocyte migration into tissues in humans with severe sep-
sis and septic shock, with consequent failure of immune sys-
tem activity [27]. However, in this study we found there was
a resolution of the infection and an observed increase and de-
crease of the simultaneous quantification of blood S. aureus,
as well as neutrophils and monocytes at different times of in-
fection, demonstrating that there was a beneficial effect on
leukocyte function of eliminating the microorganism.

The lymphocytes showed significant decreases after 72 hours
of infection. However, there was a considerable tendency to
return to baseline by 168 hours. As shown here, as the infec-
tion resolves, the number of lymphocytes returns to baseline.
During sepsis, lymphocyte depletion may occur [24]. These
data are consistent with our findings, and show that apopto-
sis is essential for the resolution of inflammation, with a bal-
ance between the recruitment of leukocytes and their remov-
al at the site of infection, which enhances host defenses so
as to minimize cytotoxicity to the host. However, an impor-
tant question about the death of lymphocytes during sepsis
is whether it is beneficial or detrimental to the host. Although
there is a possibility that lymphocyte death is beneficial be-
cause it causes down-regulation of the inflammatory response,
this response can be detrimental because an abrupt loss of
immune cells may compromise the ability of the host to elim-
inate infection [28].

In the present study, infection with S. aureus caused an in-
creased release of IL-6. IL-6 participates mainly in fever in-
duction and production of acute-phase proteins. Although the
relevance of IL-6 effects in sepsis is not clear, this cytokine pres-
ents a better correlation with mortality in experimental mod-
els and in patients with sepsis [29]. The higher plasma levels
of IL-6 increased the probability of death of the patient [30].
Studies with patients admitted to the emergency department
with signs of infection reported a high plasma concentration
of IL-6, which could predict bacteremia and death due to in-
fection [31]. Neonates who developed sepsis showed high lev-
els of IL-6 compared to uninfected babies [32].

PCT has been proposed as a marker of bacterial infection in
critically ill patients [33]. Biju et al. [34] demonstrated the
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value of PCT as an early biomarker in radiation-induced bac-
teremia for mouse studies and suggested that clinical results
from other septic conditions may apply to postradiation sep-
ticemia in humans. Unlike other biomarkers, it is not induced
in autoimmune or neoplastic disorders, or in infections lim-
ited to a single organ, showing it to be extremely useful in
the differential diagnosis of bacterial diseases [35]. According
to Morgenthaler et al. [36], in a model of sepsis in primates,
there was a large production of PCT in the liver, kidney, aor-
ta, adipose tissue, ovaries, bladder, and adrenal glands. Chan,
et al. [37] observed that infected patients showed increased
plasma levels of PCT, showing it to be a good marker of se-
verity of infection. According to Hausfater et al. [38], 195 pa-
tients with suspected infection showed elevated plasma lev-
els of PCT. PCT appears to be a well-established biomarker of
sepsis that fulfills several clinical needs: its responds both to
infection and severity of inflammation and thus has a impact
on therapy [39].

CRP is an acute-phase protein produced predominantly by he-
patocytes and secreted into the serum. However, many lines
of evidence indicate that it may be produced by other cells
such as monocytes [40,41]. According to Dong and Wright
[42], the CRP expression observed in the lungs is related es-
pecially to alveolar macrophages in mice subjected to infec-
tion. As a biomarker, Povoa [12] observed that patients with
proven infection showed elevated plasma levels of CRP com-
pared with those without proven infection. The plasma lev-
els of CRP is determined exclusively by its rate of synthesis
and disease activity [43]. Moreover, Kubler et al. [44] report-
ed that patients treated with recombinant human activated
protein C showed lower relative risk of death than those who
were not treated. However, it is not considered an exclusive
marker for sepsis becauser it can be found high in other non-
infectious conditions [37].

Studies show that the lungs are affected early in sepsis, and
this can lead to serious injury in lung tissue [45]. Another study
showed that septic lung infections were the primary source
of infection in 47% of patients [46]. The lung injury caused
after an abdominal infection is caused by contributions from
neutrophils, platelets, the complement system, cytokines, and
free radicals. The reactive oxygen species, released by neutro-
phils, contribute to increased lung injury [47]. Although S. au-
reus was not detected in the analyzed tissue, lung damage is
also caused by bacterial components such as PG and LTA S. au-
reus. These components stimulate recruitment of neutrophils

References:

1. Gutierrez J, Hossam A, Lazarezcu R et al: Effect of beta blockers on sepsis
outcome. Med Sci Monit, 2009; 15(10): CR499-503

de Oliveira TH.C. et al.:
Sepsis induced by Staphylococcus aureus: Participation of biomarkers in a murine model
© Med Sci Monit, 2015; 21: 345-355

and macrophages by releasing cytokines and enzymes, caus-
ing injury to microcirculation [48].

The non-occurrence of histological changes visible in both heart
and kidneys of infected animals may be due to the process of
resolution of the inflammatory state. Although there was no
visible damage to the tissues, we observed an inflammatory
process by the release of inflammatory cells. The initial perito-
nitis caused by S. aureus triggered a response with release of
cytokines, which may have aided in the recruitment of leuko-
cytes in the first 24 hours. After resolution of the infection, both
leukocytes and cytokines returned to baseline values, which
may have contributed to the lack of visual changes in tissues.

Conclusion

The results of this study demonstrated that infection with S.
aureus promoted a significant increase in blood levels of bacte-
ria and local peritonitis caused by injury of the mucosal barrier,
as well as increased blood levels of leukocytes because of the
inflammatory process. This process contributed to partial elim-
ination of the pathogen and its decrease in the blood. Visible
change in histological lung tissue was observed, with neutro-
phil infiltration and enlargement of the alveolar septa, prob-
ably due to the release of inflammatory cytokines. However,
infection with S. aureus did not lead to visible change in his-
tological tissue in the heart and kidneys, and IL-6 and CRP
proved to be more reliable as biomarkers. Plasma biomarker
levels increased and decreased along with the levels of blood
leukocytes and blood levels of bacteria, demonstrating that
they are more sensitive markers of infection by S. aureus. This
study proved important because there are no studies that re-
late this specific model of sepsis with its pathophysiological
effects and participation of biomarkers. We believe our re-
sults may provide a better understanding of pathophysiology
and aid in the search for a more reliable diagnostic approach
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