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Abstract

Staphylococcus aureus is an infectious agent which can replicate in the blood, colonizing multiple organs and
causing often infections which can lead to sepsis fatal. Studies show that nasal colonization by this organism can be
cause of sepsis in hospitalized patients, where most of the patients' blood isolates are identical to those isolated
from nasal cavities. The increase in number of infections caused by B-lactam antibiotics-resistant strains in hospital
settings is cause of concern due to the conditions in which these patients are found, including immunosuppression
conditions, in addition to the large level of virulence factors this organism carries. This study aims to identify
pathological alterations, present in organs: heart, spleen, kidneys and lungs due to infection induced by methicillin-
resistant Staphylococcus aureus isolated from infections, as well as to nasal colonization in humans, using an
experimental murine model. Six different groups of isolates were involved, ranging from methicillin-susceptible and
resistant, and those carrying, or not, the Leucocidin Panton-Valentine gene. The isolates were inoculated
intravenously via tail vein at a concentration of 1.0 x 107 CFU/ml and, after 72 hours, the organs were collected for
histopathological analysis for inflammatory process identification. This analysis revealed significant differences in
organ infections, regarding inoculated strains. Organ tissues presented the inoculated isolate, confirmed by PCR, as
well as neutrophilic infiltrate predominance. However, resistance to methicillin, and presence of the Panton-Valentine
leucocidin gene were not decisive factors for infection severity in mice.

Keywords: Infection; MRSA; Panton-valentine leucocidin; adhesins, proteases and exoproteins which inactivate the complement
Staphylococcus aureus system, and toxins which form pores in immune cells [14-16].

. Infections caused by S. aureus may be related to virulence factors
Introduction carried by the strain carries, and especially, the kind of secreted toxin.
Among the virulence factors are fibronectin-binding proteins A and B
(FnBPA and FnBPB) and homologous, related to microorganism
adhesion to host tissue and which, following adhesion can be
internalized into various cell types such as neutrophiles [2,17,18].
Important polypeptides as such coagulase (Coa) and the von
Willebrand factor binding protein (vWbp) can be associated to
fibrinogen, fibronectin, thrombospondin and the von Willebrand
factor, forming complex staphylotrombin and fibrin clots [3,12,19].
This activity performed by S. aureus has been described in clinical
renal abscess cases [3,20], also forming bridges for microorganisms to
bind to platelet surface, reaching the bloodstream and therefore,
adhere to the damaged heart valve surface. It is a major causative agent
of endocardial infections and a major virulence factor in infective
endocarditis pathogenesis [21].

Staphylococcus aureus is a gram-positive commensal bacteria
colonizing human skin, nasal cavity and gastrointestinal tract [1-3].
Approximately 30% of the human population has its nasal cavities
colonized by this microorganism [3-6]. Colonization is asymptomatic
in most individuals; however, depending on carrier conditions, it can
cause infections in individuals from hospitals or community settings
[2,3,7]. In a hospital environment, use of catheters, endotracheal
intubation, medical implants, trauma, diabetes, immunosuppression,
hemodialysis and peritoneal dialysis can promote infections by this
microorganism [8,9], which is also associated with a variety of
diseases, from superficial skin infections [2,10] to serious systemic
infections [3,11], as well as, endocarditis, osteomyelitis, pneumonia
and sepsis [2,10].

Infections caused by this microorganism are predominant in skin
and soft tissues [3,11], with purulent lesions and abscesses presenting
the microorganism associated with infiltration of neutrophiles in the
lesion [3,12]. Human infections do not produce specific immune
responses, and may be persistent, recurrent or chronic [3,13]. This
microorganism is also skilled at evading the innate and adaptive
immune response producing coagulases, capsular polysaccharides,

Another virulence factor considered of great importance nowadays
in S aureus infections comprises the Panton-Valentine leucocidin,
having polymorphonuclear phagocytes as its main target. It binds to
C5aR and C5L2 complement receptors on leukocytes [3,22],
monocytes, and macrophages [14,23] forming pores in their
membranes [3,24,25]. The lukS-PV and lukF-PV genes, responsible for
this Leucocidin expression, are placed in the operon IukPV [14,26,27],
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mediated by lisogenic phages such as fSLT, among others [14,28,29].
These phages carrying genes responsible for PVL production have been
more associated with strains possessing chromosomal cassette
SCCmec IV present in methicillin-resistant strains associated with
community environment (CA-MRSA) [30]. Clinically, PVL-producing
strains have frequently been isolated in skin abscesses, soft tissue
infections and necrotizing pneumonia [31,32].

It is estimated that 89% of S. aureus isolated in hospital infections
are MRSA [6]. The recommended antimicrobial therapy for infections
caused by these isolates has been, so far, Vancomycin, Daptomycin and
Linezolid [33-35]; however, Vancomycin-resistant strains (VRSA) have
already been reported [36-38].

Based on this information, this study aimed to identify pathological
alterations in animal organs: heart, spleen, kidneys and lungs in a
murine experimental model due to infection by p-lactam resistant S.
aureus isolated from human infections and nasal colonization.

Materials and Methods

This study was approved by the Ethics Committee on Animal
Research of the Federal Fluminense University Dean of Research and
Graduate Studies under registration number: 439/2013.

Thirty-five mice Swiss males were used, young adults six weeks of
age, weighing approximately 34 g, assigned by NAL (The Fluminense
Federal University, Laboratory Animal Core). All animals were kept in
collective cages and ventilated, with five animals each group (number
of animals needed to obtain the expected results, following the
regulations of the Ethics Committee), receiving commercial diet and
filtered water ad libitum, maintained in light-dark cycles, at
temperature 21 to 22°C (+ 2°C) and 50 to 55% humidity.

Groups were divided according to the phenotypic and genotypic
characteristics of each bacterial strain under study, in addition to the
sites which were isolated from humans (Table 1).

Genes
G Inoculum
roups N
1.0 x 107 CFU/mL mecA lukF-PV N
lukS-PV
1 MRSA Sample isolated from nasal cavity (+) (-) 5
MRSA Sample isolated from peripheral blood in patients affected by severe pulmonary infection
2 (+) (+) 5
(SCCmec IV)
3 MRSA Sample isolated from nasal cavity (+) (+) 5
4 MRSA Sample isolated in epithelial tissue (skin) injury (+) (+) 5
5 MRSA Sample isolated from nasal cavity (-) ) 5
6 MRSA Sample isolated from peripheral blood in patients affected by infectious endocarditis, courtesy of *+) ) 5
National Cardiology Institute of Laranjeiras, Rio de Janeiro - Brazil
7 Control Sterile saline solution (0.9% NaCl) 5

Table 1: Division of groups according to the characteristics of the inoculated bacterial strains.

Microbiological samples used are part of the collection of the
Federal Fluminense University - Molecular Epidemiology Laboratory
and Biotechnology.

Procedures which could lead to anxiety and/or pain were conducted
under inhalation anesthesia in a fume cupboard for saturation
isoflurane  Forane’  (2-chloro-2-(difluoromethoxy)-1,1,1-trifluoro-
ethane) [39,40].

Preparation of bacterial inoculum

The colonies were grown in TSB (Trypticase Soy Broth) for 24
hours, continuing tubes containing serial dilutions in sterile saline
(0.9% NaCl) to acquire the concentration 1.0 x 107 CFU/mL. The
animals were inoculated with 50 uL of bacterial suspension, except for
the control group, inoculated only with sterile saline (0.9% NaCl) in
the same volume as the other groups.

Method infection induction

The animals' tails were decontaminated with polyvinylpyrrolidone-
iodine solution at 10%. Bacterial suspension was inoculated via lateral
tail vein. The animals were kept in their cages, examined every six
hours for 72 hours. After 72 hours, the animals remained alive were

euthanized by inhalation in fume cupboard for saturation isoflurane
Forane® (2-chloro-2-(difluoromethoxy)-1,1,1-trifluoro-ethane).

Method for surgical organ extraction

Following euthanasia, trichotomy of the abdomen was performed,
through vertical incision for heart, spleen, kidney and lung removal.
The organs were stored in 10% formaldehyde with a pH between 6.0
and 7.0 for 48 hours and sent to the Antonio Pedro University Hospital
anatomy pathology service.

Histological slide preparation

Samples of tissues of the heart, spleen, kidneys and lungs underwent
a dehydration process, diaphanization and paraffin embedding.
Subsequently, cuts were made with a 3 um thickness using microtome
(LAB-MR500); then these were fixed on slides and stained with
hematoxylin & eosin. The slides were observed using an optical
microscope (model LX 500) and photographed using a iVm 5000
camera through Pro 2.7 ProgRes program capture for inflammatory
process histopathologic at description.
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Survival time statistical analysis

Suvival time statistical analysis was used as animal interest mortality
variable in different time slots, with monitoring every six hours after
inoculation. Results were obtained using a log rank Mantel-Cox
multiple comparison test to confirm results using the Mann-Whitney
test. Software used was SPSS version 10.0, with statistical results to
significance level a=0.05.

Results

All the animals succumbing before to 72 hours of experimental
protocol, presented decreased appetite and reduced water intake,
followed by reduction in mobility, aspects similar to cachexia, as well
as isolation from other group components hours before death.

Analysis of survival time after inoculation

Upon Figure 1 evaluation, we observe existence of a statistically
significant difference (p<0.05) between survival time of MRSA pvl (-)
group, isolated from nasal cavity and control group inoculated with
sterile saline (0.9% NaCl) (U=2.5; value-p=0.032), and MRSA pvl (-)
group, isolated from peripheral blood in patients affected by infectious
endocarditis and the control group inoculated with sterile saline (0.9%
NaCl) (U=2.5; value-p=0.032). There were no other differences among
the other peer groups.

However, after 72 horas the experimental protocol, noted in MRSA
pvl (-) group, in isolated nasal cavity, four dead animals (80%); MRSA
pvl (+) group, isolated from peripheral blood in patients affected by
severe pulmonary infection, five animals dead (100%); MRSA pvl (+)
group, isolated in nasal cavity, four dead animals (80%); MRSA pvl (+)
group, isolated from injury in epithelial tissue (skin); four dead
animals (80%); MRSA pvl (-) group, isolated in nasal cavity, one dead
animal (20%); MRSA pvl (-) group, isolated from peripheral blood in
patients affected by infectious endocarditis, five animals dead (100%);
in control group, five animals living after 72 hours (Figure 1).

SO0O

4000+
3000
2000
* *

1000

TIME TO DEATH IN MINUTES

T T T T T T T
g1 g2 g3 g4 g5 g6 a7
GROUPS

Figure 1: The various MRSA pvl groups from different sources and
time taken for the tissue deaths.

(gl) MRSA pvl (-) group, in isolated nasal cavity: three animals
dead after 24 hours, a dead animal after 48 hours and one euthanized
animal. (g2) MRSA pvl (+) group, isolated from peripheral blood in
patients affected by severe pulmonary infection: two animals dead after
48 hours and three dead animals after 72 hours. (g3) MRSA pvl (+)
group, isolated in nasal cavity: one animal dead after 24 hours, one

animal dead after 48 hours, two animals dead after 72 hours and one
animal euthanized. (g4) MRSA pvl (+) group, isolated from injury in
epithelial tissue (skin): one animal dead after 48 hours, three animals
dead after 72 hours and one animal euthanized. (g5) MRSA pvl (-)
group, isolated in nasal cavity: one animal dead after 24 hours and four
animals euthanized after 72 hours. (g6) MRSA pvl (-) group, isolated
from peripheral blood in patients affected by infectious endocarditis:
two animals dead after 24 hours, two animals dead after 48 hours and
one animal dead after 72 hours. (g7) control group: five animals
euthanized after 72 hours.

Heart histopathology

The control group was presented within the normal heart range as
described in the literature (Figure 2). MRSA pvl (-) group, isolated
from nasal cavity, presented bacterial colonies with discreet
neutrophilic inflammatory infiltrate, surrounded by necrotic areas
(Figure 2). Conversely, MRSA pvl (+) group, isolated from peripheral
blood in patients affected by severe pulmonary infection, displayed
similarity to CG, but with neutrophilic infiltrate in pericardial fat and
an outbreak of bacterial colonies in the left ventricle surrounded by
necrosis (Figure 2).

Figure 2: Photomicrograph of cardiac tissue, stained with H&E.
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(a) control group (400X): normal cardiomyocytes. (b) MRSA pvl (-)
group, isolated from nasal cavity (400X): focus with neutrophilic
inflammatory infiltrate and basophilic granular material (bacterial
colony) (arrow), around eosinophilic region (necrosis) (asterisk). (c)
MRSA pvl (+) group, isolated from peripheral blood in patients
affected by severe pulmonary infection (400X): neutrophilic infiltrate
with basophilic granular material (bacterial colony) between cardiac
fibers (arrow), eosinophilic region (necrosis) (asterisk). (d) MRSA pvl
(+) group, isolated from nasal cavity (400X): focus containing
neutrophilic inflammatory infiltrate with granular basophilic material
(bacterial colony) (arrow), around coagulation necrosis with
cardiomyocytes in karyolysis and increased cytoplasmic acidophilia
(asterisk). (e) MRSA pvl (+) group, isolated from epithelial tissue
(skin) injury (400X): neutrophilic infiltrate with diffuse granular
material (bacterial colony) (arrow), with necrosis around areas
(asterisk). (f) MSSA pvl (-) group, isolated from nasal cavity (400X):
heart chamber presenting inflammatory neutrophilic infiltrate
(asterisk), bacterial colonies (arrow), fibrin (circle). (g) MRSA pvl (-)
group, isolated from peripheral blood in patients affected by infectious
endocarditis (400X): well-defined focus containing granular basophilic
substance (bacterial colony) and neutrophile inflammatory infiltrate
with fibrin (arrow), myocardium showing vacuolar degeneration
intracytoplasmic (asterisk).

MRSA pvl (+) group, isolated from nasal cavity, presented several
outbreaks of bacterial colonies in the left ventricle, surrounded by
neutrophilic infiltrate containing coagulation necrosis regions,
cardiomyocytes in karyolysis with increased cytoplasmic acidophilia
(Figure 2), aspect similarly found in the right ventricle. MRSA pvl (+)
group, isolated in epithelial tissue (skin) injury, showed few outbreaks
of ventricular neutrophilic infiltration and hyperemic capillaries. In the
light of left ventricle there was a clot-containing area with red blood
cells, and one with acidophilus materials and fibrin, associated with
rich neutrophilic infiltrate and bacterial colonies arranged in clusters
and diffuse between neutrophiles.

Some areas bore necrosis around the inflammatory infiltrate and
neutrophile migration to pericardial fat plus several cardiomyocytes
with intracytoplasmic vacuolar degeneration (Figure 2). Conversely, in
MRSA pvl (-) group, isolated from nasal cavity, cardiac chambers
showed several circumscribed bacterial colony outbreaks with intense
neutrophilic infiltrate and fibrin, mainly in the ventricles (Figure 2).

Regarding, MRSA pvl (-) group, isolated from peripheral blood in
patients affected by infective endocarditis, cardiomyocytes showed
intracytoplasmic vacuolar degeneration, the right and left ventricles
displayed several outbreaks of bacterial colonies and neutrophilic
inflammatory infiltrate containing fibrin, a similar aspect seen in
septum intraventricular (Figure 2).

Splenic histopathology

In the control group inoculated with sterile saline (0.9% NaCl)
spleens were normal in range according as described in the literature
for mice, though the Malpighian follicles showed hyperplasia and
capillaries hyperemic, the red pulp containing red blood cells and
many megakaryocytes. Without any infectious process evidence
(Figure 3), common features were seen in animals subjected to this
type of inoculum. However, all the other groups inoculated with
bacterial suspension, such as MRSA pvl (-), isolated from nasal cavity
(Figure 3), MRSA pvl (+), isolated from peripheral blood in patients
affected by severe lung infection (Figure 3) MRSA pvl (+), isolated
from nasal cavity (Figure 3), MRSA pvl (+), isolated in epithelial tissue

(skin) injury, MSSA pvl (-), isolated from nasal cavity and MRSA pvl
(+), isolated from peripheral blood in patients affected by infectious
endocarditis, presented the splenic tissue with the same characteristics:
Malpighian hyperplastic follicles, containing numerous fragmented
cells, basophilic granular materials (suggestive of bacterial colonies),
the pulp red with red blood cells, and a great number of
megakaryocytes, and hyperemic capillaries containing brown pigment
(Figure 3).

Figure 3: Photomicrograph of splenic tissue, stained with H&E.

(a) control group (100X): follicles Malpighian hyperplastic
(asterisk), red polva with red blood cells and a great number of
megakaryocytes (arrow). (b) MRSA pvl (-) group, isolated from nasal
cavity (100X): hyperplastic Malpighian follicles with fragmented cells
and basophilic granular substance (asterisk), red pulp with red blood
cells and a great number of megakaryocytes (arrow), artifact presence.
(c) MRSA pvl (+) group, isolated from peripheral blood in patients
affected by severe pulmonary infection (100X): hyperplastic
Malpighian follicles with fragmented cells and basophilic granular
substance (asterisk), red pulp with red blood cells and a great number
of megakaryocytes (arrow). (d) MRSA pvl (+) group, isolated from
nasal cavity (100X): hyperplastic Malpighian follicles with fragmented
cells and basophilic granular substance (asterisk), red pulp with red
blood cells and a great number of megakaryocytes (arrow). (e) MRSA
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pvl (+) group, isolated from injury in epithelial tissue (100X):
hyperplastic Malpighian follicles with fragmented cells and basophilic
granular substance (asterisk), red pulp with red blood cells and a great
number of megakaryocytes (arrow). (f) MSSA pvl (-) group, isolated
from nasal cavity (400X): hyperplastic Malpighian follicles with
fragmented cells and granular basophilic substance (asterisk), red pulp
with red blood cells and a great number of megakaryocytes (arrow).
(g) MRSA pvl (-) group, isolated from peripheral blood in patients
affected by infectious endocarditis (100X): hyperplastic Malpighian
follicles with fragmented cells and basophilic granular substance
(asterisk), red pulp with red blood cells and a great number of
megakaryocytes (arrow).

Renal histopathology

In the control group, inoculated with sterile saline (0.9% NaCl),
both bore kidneys renal glomeruli and tubules with customary aspects,
albeit, interstitial capillaries and hyperemic glomeruli (Figure 4). In
MRSA pvl (-) group, isolated from the nasal cavity, both kidneys
showed several circumscribed bacterial colony outbreaks in different
sizes, some accompanied by neutrophilic inflammatory infiltrate and
macrophages with interstitial capillaries and hyperemic glomeruli. Still,
in the left kidney presence was observed of a coagulation necrosis area
with surrounding tubular mononuclear and neutrophilic inflammatory
cell infiltrate foci (Figure 4). On the other hand, MRSA pvl (+) group,
isolated from peripheral blood in patients affected by severe
pulmonary infection, both kidneys showed glomerular interstitial
capillaries and hyperemic glomeruli with hemorrhagic foci in the
cortical region. The glomeruli displayed hypercellularity and
compression of Bowman space, and some tubules with lining
epithelium necrosis (Figure 4). MRSA pvl (+) group, isolated from the
nasal cavity showed bacterial colonies within the cortical region
glomeruli, around neutrophilic inflammatory infiltration with
macrophages, interstitial capillaries and glomerular hyperemia (Figure
4). In MRSA pvl (+) group, isolated from epithelial tissue (skin) injury
in two kidneys, glomeruli showed hypercellularity with loss of
Bowman's space, interstitial capillaries and hiperemic glomeruli and
acute interstitial hyperemia. In the medullary region, near the renal
pelvis presence was observed of inflammatory infiltrate with
macrophages with no bacterial colonies (focal pyelitis) (Figure 4). In
MRSA pvl (-) group, isolated from nasal cavity, the right kidney
presented, several circumscribed outbreaks of bacterial colonies in
different sizes in the cortical region, some accompanied by
neutrophilic inflammatory infiltrate and macrophages, and interstitial
capillaries and glomeruli with marked hyperemia. The renal pelvis also
showed inflammatory infiltrate (pyelitis). Inside of the left kidney
glomeruli presence was observed of bacterial colonies bearing
neutrophilic infiltrate, extending around the entire structure, with
serious and widespread hyperemia there was. Also had a triangular
infarction area, with tubular coagulation necrosis in the cortical region
adjacent the renal capsule (Figure 4). Conversely, MRSA pvl (-) group,
isolated from peripheral blood in patients affected by infectious
endocarditis in the right kidney, the pelvis showed macrophage
infiltration and glomerular and interstitial hyperemia. Bacterial
colonies were observed inside the left kidney glomerulus, with
neutrophilic inflammatory infiltrate and hyperemia causing loss of
Bowman's space (Figure 4). In the renal pelvis, an area with
mononuclear cell infiltration, reaching the medullary region in
ascending order (pyelonephritis), was also observed in the perivascular
region (Figure 4).

Figure 4: Photomicrograph of the kidney tissue, stained with H&E.

(a) control group (400X): glomerulus with usual appearance
(arrow), tubules with usual structure (asterisk). (b) MRSA pvl (-)
group, isolated from nasal cavity (400X): hyperemic interstitial
capillaries (arrow), basophilic granular substance foci (bacterial
colonies) containing inflammatory neutrophilic infiltrate (asterisk),
tubular coagulation necrosis (circle). (c¢) MRSA pvl (+) group, isolated
from peripheral blood in patients affected by severe pulmonary
infection (400X): glomerulus showing hypercellularity —with
compression of Bowman space (arrow), presenting tubular necrosis
(circle), hyperemic interstitial capillaries (asterisk). (d) MRSA pvl (+)
group, isolated from nasal cavity (400X): granular basophilic materials
(bacterial colony) with neutrophiles infiltration (asterisk), hyperemic
interstitial capilaries (arrow). (e) MRSA pvl (+) group, isolated from
epithelial tissue (skin) injury (400X): glomeruli presenting
hypercellularity with loss of Bowman space (asterisk), interstitial
spaces and hyperemic glomeruli (arrow). (f) MSSA pvl (-) group,
isolated from nasal cavity (100X): focus circumscribed basophilic
granular substance (bacterial colonies) containing neutrophilic
inflammatory infiltrate and macrophages (asterisk), hyperemic
interstitial spaces (arrow). (g) MRSA pvl (-) group, isolated from
peripheral blood in patients affected by infectious endocarditis (400X):
hyperemia glomeruli (arrow), within the glomerulus basophilic
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granule presence foci containing neutrophilic inflammatory infiltrate
and loss of Bowman space (asterisk).

Lung histopathology

In the control group inoculated with sterile saline (0.9% NaCl), both
the right and left lungs exhibited normal alveoli, mild hyperemia and
lymphocyte outbreaks adjacent to bronchioles, normal aspect in mice
(Figure 5).

Figure 5: Photomicrograph of lung tissue, stained with H&E.

Control group (100X): normal alveoli (asterisk), focus lymphocyte
(arrow). (b) MRSA pvl (-) group, isolated from nasal cavity (100X):
sharp hyperemia (arrow), alveoli with edema (circle), thick caliber
vessel congested presenting necrotic tissue with hyaline aspect
(asterisk). (c) MRSA pvl (+) group, isolated from peripheral blood in
patients affected by severe pulmonary infection (100X): atelectasis
(asterisk), edema (circle), hyperemia (arrow). (d) MRSA pvl (+) group,
isolated from nasal cavity (100X): light of the bronchial structure
featuring lymphocyte infiltrate and hyperemia (arrow), edema (circle),
acute hyperemia (asterisk). (e) MRSA pvl (+) group, isolated from
epithelial tissue (skin) injury (100X): thick caliber vessel congested,
presenting necrotic tissue with hyaline aspect containing inflammatory
infiltrate (asterisk), granular basophilic foci (bacterial colonies)
(arrow). (f) MSSA pvl (-) group, isolated from nasal cavity (100X):

bronchial structure containing inflammatory infiltrate and acute
hyperemia (asterisk), granular basophilic foci (bacterial colonies),
containing lymphocyte infiltrate (arrow). (g) MRSA pvl (-) group,
isolated from peripheral blood in patients affected by infectious
endocarditis (100X): atelectasis area (asterisk), emphysema (circle),
thick caliber vessel congested, presenting necrotic tissue with hyaline
appearance with perivascular inflammatory infiltrate (black arrow),
peribronchial inflammatory infiltrates (white arrow).

In MRSA pvl (-) group, isolated from nasal cavity, lung tissues
showed several areas of atelectasis and some alveoli with edema, vessel
bulk caliber congested showing necrotic tissue, diffuse and cute
hyperemia through tissue and focus containing peribronchial
lymphocytes (Figure 5). Yet, MRSA pvl (+) group, isolated from
peripheral blood in patients affected by severe pulmonary infection in
macroscopic noted the tissue with red color, the lower part of the left
lung showing a blackish-colored lesion (Figure 6).

Figure 6: Lungs of the group inoculated with MRSA pvl (+), isolated
from peripheral blood in patients affected by severe pulmonary
infection. (a) right lung with red color. (b) left lung with reddish
color, presenting the region with lesion (circle).

In left lung microscopy, we observe areas of atelectasis accompanied
by lymphocytic infiltrate, mainly around the bronchi and bronchioles
or adjacent pleura, hyperemia and some alveoli with edema (Figure 5).
In MRSA pvl (+) group, isolated from nasal cavity, the left lung showed
areas of emphysema near the periphery of lobes, with adjacent alveolar
atelectasis and several areas of perivascular and peribronchial
lymphocytic infiltrate; some alveoli also showed edema, severe and
diffuse hyperemia. The lights of some bronchioles showed lymphocytic
infiltration and hyperemia. In MRSA pvl (+) group, isolated from
injury to epithelial tissue (skin), the left lung displayed emphysema and
presented rich lymphocytic inflammatory infiltrate beyond
peribronchiolar and perivascular macrophages and neutrophiles. The
right lung displayed bacterial colony foci, thick-caliber vassel
congested, presenting necrosis and inflammatory infiltrate (Figure 5).
On the other hand, MRSA pvl (-) group, isolated from nasal cavity, in
both lungs outbreaks of bacterial colonies were observed, surrounded
by inflammatory infiltrate, and the presence of emphysema. The light
bronchioles containing inflammatory infiltrates and severe hyperemia
also bore inflammatory lymphocyte infiltrate and macrophages in the
perivascular regions. In MRSA pvl (-) group, isolated from peripheral
blood in patients affected by infective endocarditis, both the right lung
and the left lung showed areas of atelectasis and others with
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emphysema, high-caliber vessel congested with necrosis in the vessel
wall, accompanied by lymphocytic inflammatory infiltrate
macrophages, and in the perivascular and peribronchial region. Only
the right lung showed a lymphocytic focus peripleural fat.

Discussion

Decreased appetite with reduced water intake, followed by
reduction in mobility are aspects similar to cachexia; in addition,
isolation from other group components hours before death can be
explained by the worsening of infection leading to compromising of
organs and septicemia. Clinical signs of the disease are manifested in 2
to 3 hours, including decreased appetite, stooped posture, motion loss,
diarrhea, dehydration and difficulty in breathing [3,12].

The only different point in the control group were found in the
lungs, tissue hyperemia, which can be associated with the euthanasia
method by anesthetic overdose through inhalation in closed
campanula.

In cardiac tissue, conditions associated with increased severity were
found in the groups: MRSA pvl (+), isolated from the nasal cavity,
showing 80% mortality within 72 hours of infection; in MRSA pvl (+)
group, isolated from skin lesions, reaching 80% mortality in 72 hours,
in the presence of large numbers of bacterial colonies in
intraventricular clot characterizing septicemia; and in MRSA pvl (-)
group, isolated from peripheral blood in patients affected by infective
endocarditis with mortality of 100% of animals within 72 hours.
Importantly, even if a strain does not produce PVL, the fact of having
been a patient in isolation affected by infective endocarditis may be
associated with more severe infections in cardiac tissue resulting in the
high number of deaths among animals.

In renal tissue, all groups showed bacterial colonies; however, group
MRSA pvl (+) group, isolated from skin lesions, presented focal
pyelitis, and MRSA pvl (-), isolated from peripheral blood in patients
affected by infectious endocarditis presented ascending pyelonephritis.
They are acute urinary tract infections, associated with bacterial
colonization; the pyelonephritis focus comprises an interstitial
suppurative inflammation in small abscesses which coalesce with the
evolution and are usually located at poles. The ascending form reaches
the pelvis of the kidney, the collector system, and almost all renal
structures, including tubules and interstitium; however, glomeruli are
the exception; if the infection progresses it can cause tubular necrosis,
affecting the glomeruli [41]. The presence of this type of infection in
kidney tissue may have been one of the important factors associated
with mortality of 80% of the animals within 72 hours in MRSA pvl (+)
group, isolated from skin lesions, and 100% in the group inoculated
with bacterial strain MRSA pvl (-), isolated from peripheral blood in
patients affected by infectious endocarditis within 72 hours. MRSA pvl
(+) group, isolated from the nasal cavity presents foci with bacterial
colonies intraglomerular featuring septicemia, which could be
explained by animal 80% mortality within 72 hours.

In the splenic tissue, similarity found in infections and the presence
of fragmented cells, characteristic of apoptosis, may be associated with
low PVL production by colonizing bacterial strains found in this tissue,
because of the low PVL production promoting apoptosis by binding to
mitochondrial membrane, resulting in the release of oxygen in the
reactive form [42,43].

For a possible histopathological analysis of the lungs, the animals
can be infected with 2.0 x 108 CFU/ml of S. aureus [3,44]. However, in

our study severe inflammatory processes in the concentration 107
CFU/mL were identified. The groups where the inflammation
displayed greater severity were as follows: MRSA pvl (+), isolated from
peripheral blood in patients affected by serious lung infection, causing
100% mortality after 72 hours of observation, MRSA pvl (+), isolated
in epithelial tissue (skin) injury with 80% animal mortality after 72
hours, and MRSA pvl (-) group, isolated from peripheral blood in
patients affected by infectious endocarditis, achieving 100% animal
mortality after 72 hours of observation. All strains responsible for
causing greater damage to the lung tissue were derived from infections,
including those isolated from lung infections, showing that as the more
harmed tissue.

A study conducted by Wandenburg et al. (2007) exhibited, cell
infiltration of the immune system and destruction of alveolar
architecture at lung histopathology, after a 24-hour challenge using a
bacterial concentration of 2.0 x 108 CFU/ml. However, after 72 hours,
the infection is cleared, showing the lungs only displaying an residual
inflamation of the alveolar walls [3,44]. Similar inflamatory aspects
were observed in our study, but after 72 hours we did not have
infection resolution, presenting the acute form.

Conclusion

The results showed that the presence of methicillin resistance and
Panton-Valentine Leucocicdin production were not decisive factors in
increased severity of organ tissue infections in a murine model,
because, in kidney MRSA pvl (-) strains were responsible for
septicemia signs, and lungs MRSA pvl (-) strains were responsible for
serious infections. However, the strains isolated from human infections
had a higher inflammatory response in lung tissue in the murine
model, when compared to strains isolated from nasal cavity in healthy
people.

More than one factor may be related to mortality, because, in most
groups, infections extended from severe forms containing bacterial
colonies in multiple organs.
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