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Abstract

One of the most significant causes of neonatal morbidity and mortality
is represented by neonatal sepsis that often manifests itself as a systemic
inflammatory response syndrome (SIRS). The progression of SIRS usually
leads to multiple organ dysfunction, occasionally culminating in multiple
organ failure (MOF).

The loss of endothelial barrier represents the unifying lesion of multiple
organs in newborns affected by sepsis and the most important pathological
change responsible for the evolution toward MOF in neonates.

The aim of this study is to present the most important pathological changes
occurring in neonatal sepsis.
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Introduction

One of the most significant causes of neonatal
morbidity and mortality is the neonatal sepsis.
Sepsis can be defined as a generalized inflammatory
response of the organism and often manifests itself
as a systemic inflammatory response syndrome
(SIRS) [1]. The progression of SIRS usually leads to
multiple organ dysfunction culminating in multiple
organ failure (MOF) [2].

Neonatal sepsis has been categorized into two
groups: early onset if it occurs within 3-6 days, and
late onset after 4-7 days [3].

This pathology is due to a bacterial or fungal
infection acquired during the perinatal period.

Many pathogens have been associated with
sepsis in neonatal period: the most important cause
of neonatal sepsis is the Group B Streptococci
(GBS) [4], while E. coli is the most common
cause of mortality. Current efforts toward maternal
intrapartum antimicrobial prophylaxis have
significantly reduced the rates of GBS disease but
have been associated with increased rates of Gram-
negative infections, expecially in very low birth
weight infants [5]. Other pathogens of neonatal
sepsis are L. monocytogenes and S. aureus. The
birth canal, localized between the uterus and the
outside of the vagina, harbours a polymicrobial
community [6]. Next to nonpathogenic species,
such as Lactobacillus spp., potentially pathogenic
bacteria including those previously mentioned
are found in vagina in 1 out of 5 women. During
birth, the aspiration by the neonate of bacteria is
considered a major cause of neonatal sepsis in the
first three to seven days of life (early-onset sepsis).
Subsequent to aspiration, bacteria like GBS, can
proliferate to striking densities in the neonatal
lung, as shown in newborn primates with GBS
pneumonia [7]. The antimicrobial quality of the local
pulmonary environment, such as the concentration
of surfactant, may be important for the metabolic
activity in the bacterial community and therefore for
the expression of bacterial virulence factors such as
bacterial toxins [8].

Sepsis causes about a million neonatal deaths
annually [9, 10]. Sepsis is a potentially fatal
whole-body inflammation (a SIRS) caused by
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severe infection [11, 12]. Severe sepsis is sepsis
complicated by organ dysfunction.

Septic shock is sepsis complicated by a high
lactate level or by shock that does not improve after
fluid resuscitation [13]. Bacteremia is the presence
of viable bacteria in the blood. The term septicemia,
the presence of microorganisms or their toxins
in the blood, is no longer used by the consensus
committee [12].

Endothelial dysfunction: a key element

The endothelium is a major target of sepsis-
induced events and endothelial cell damage accounts
for much of the pathology of septic-shock [1].

Vascular endothelial cells are among the first
cells in the body that come into contact with circu-
lating bacterial molecules. Endothelial cells have
mechanisms that recognize structural patterns of
bacterial pathogens and subsequently initiate the
expression of inflammation mediators [14].

In sepsis and septic shock a series of
immunological events alter endothelial function
in the macrocirculation and microcirculation.
Endothelial nuclear swelling, detachment, apop-
tosis, and complete loss of the endothelial barrier
are the main pathological changes that are observed
in blood vessels [15].

The disorders of the normal function of the
endothelium include derangement of the vascular
tone, increase of endothelium permeability,
activation of the endothelial cells, production of
various regulators and disorders of coagulation.
Nitric oxide (NO) is the modulator that mediates
the action of most vasodilators. The overproduction
of NO during sepsis is possibly the most important
cause of the vasopressor-resistant hypotension
which characterizes septic shock [16] (Fig. 1).
The endothelium is activated by the binding of
LPS with Toll-like receptors or by binding of
inflammatory mediators with various receptors.
Other environmental factors such as hypoxia, the
ipoperfusion, increasing temperature, acidosis
and alterations in glycemia can affect endothelial
function. The activation of endothelial cells
involves the expression on their surface of adhesion
molecules as VCAM-1 and ICAM-1 and the
E-selectine that mediate the migration of leukocytes
in inflammed tissues.

The interaction of these factors with their
receptors activates signaling pathways downstream,
influencing the transcription factors and altering cell
function and/or gene expression. The cell adhesion
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Figure 1. Endothelial damage, causing increase of permeability, activation of endothelial cells, and the overproduction of
nitric oxyde during sepsis, might be the most important cause of hypotension which characterizes septic shock.

molecules undergo an up-regulation and this fact
results in an increase in the rolling, adhesion and
transmigration of leukocytes, a process that is
increased by cytokines and cell recruitment. The
activation of the coagulation cascade, as a result of
endothelial damage, leading to the production of
thrombin and therefore to the formation of fibrin
[17]. However the activation of the coagulation
may be result in the appearance of focal ischemia
[18, 19].

Pathological features in sepsis
Endothelium

Vascular pathological changes were mainly
detected in capillaries and, in general, in small
vessels, but endothelial lesions were also found
in medium-sized arteries and veins. Endothelial
damage is characterized by nuclear swelling,
detachment, apoptosis, and complete loss of the

Histological changes in neonatal sepsis

endothelial barrier: these endothelial lesions are
the main pathological changes that are observed
in blood vessels often associated with adhesion of
inflammatory cells and micro thrombosis (Fig. 2
and Fig. 3).

Kidney

The first aspect that has been considered
is represented by the endothelial damage,
characterized by endothelial swelling, detachment
and apoptosis. Following the activation of the
inflammatory cascade and coagulation, we can
observe congestion, pieces of fibrin in the vascular
lumen and thrombosis. In a untreated and a more
advanced stage of sepsis we can observe a common
blood extravasation into the interstitium, caused by
the rupture of the vessel wall (Fig. 4, Fig. 5, Fig. 6).
Glomeruli presented loss of podocytes and this fact
causes the adhesion of the glomerular hank at the
capsule. We can observe also acute tubular necrosis
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Figure 2. Pieces of fibrin into coronary artery (arrows). Eosinophil granulocytes are scattered in the interstitium.

Figure 3. Two coronary vessels showing endothelial detachment (white arrows) and pieces of fibrin (black arrow).
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Figure 4. During sepsis glomeruli might show many pathological changes: endothelial and epithelial swelling, presence of
neutrophils in the capillaries and focal segmental enlarged mesangial matrix.

Figure 5. Glomerulus with standard podocyte number (white arrow). Glomerulus with focal loss of podocytes (black arrows).
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Figure 6. During sepsis endothelial damage causes the loss of the endothelial barrier and the exit of serum in the interstitium
(interstitial edema), accordingly. The endothelial changes causes hypoxia, responsible for the acute tubular necrosis of

the proximal tubules.

of the proximal tubules and, in an advanced stage of
sepsis, a blood extravasation into the interstitium.

Lung

Next to the endothelial damage, we may observe
alveolar edema, focal presence of granulocytes and
erythrocytes within the alveolar spaces, such as an
alveolar pneumonia. Apoptosis of the superficial
respiratory epithelium is a consequence of blood
vessels damage, represented by endothelial loss,
and congestion (Fig. 7, Fig. 8, Fig. 9).

Heart

Cardiomyocytes show intracellular edema with
vacuolization of the cytoplasm. Intercellular edema is
also present. We may observe eosinophilic globules
of cardiomyocytes apoptosis and endothelial
damage of the coronary arteries and veins that
occurs with endothelial swelling, detachment and
thrombosis. Cardiomyocytes might showing focal
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wave, direct consequence of acute hypoxia or going
to myocytolysis (Fig. 10 and Fig. 11).

Complications

MOF has been defined as a syndrome consisting
of the sequential failure of two or more organ systems
in patients with clinical signs of sepsis. Respiratory
dysfunction usually is the first apparent organ
failure. The other organ systems involved are the
hepatic, renal, cardiovascular, nervous, hematologic
and gastrointestinal system [20, 21]. There are two
main mechanisms involved in sepsis: the arterial
vasodilation and inotropic cardiac dysfunction [22].
Regarding the arterial vasodilation during sepsis are
produced large quantities of substances, including
vasoconstrictor and vasodilator agents, however,
the body breaks a resistance to the action of the
vasoconstrictor substance. Among the substances
vasodilatory stands out the role of NO, whose
production is increased by cytokines released
during the septic episode; NO is capable of causing
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Figure 7. During sepsis the loss of endothelial barrier causes the transition of blood from vessel lumen into alveolar spaces.
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Figure 8. During sepsis the loss of endothelial barrier is responsible for interstitial and alveolar edema.
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Figure 9. During sepsis, endothelial damage is responsible for alveolar edema, focal presence of granulocytes and
erythrocytes within the alveolar spaces (black arrows) and loss of respiratory epithelial cells (white arrow).

HISTOLOGIC MYOCARDIAL LESIONS
IN NEONATAL SEPTIC SHOCK
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Figure 10. During sepsis hypoxia caused by endothelial damage and thrombosis is responsible for intercellular and
intracellular edema, granulocyte infiltration in the interstitium, hemorrhage, focal wave arrangement of cardiomyocytes,

myocytolysis that causes later interstitial fibrosis.
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Figure 11. During sepsis cardiomyocytes show intracellular edema with vacuolization of the cytoplasm. Intercellular edema
is also present.

significant systemic arterial vasodilation resistant
to the action of norepinephrine and angiotensin II.
Moreover, other activated mechanisms that maintain
vasodilation: the increased plasma concentration of
hydrogen ions and lactate, the depletion of ATP in
the cells of the vascular tunica muscularis and the
activation of ATP-sensitive potassium channels.
It follows that potassium ions continuously entry
into the cell, closing calcium channels. This
mechanism inhibits the vasoconstrictive action of
norepinephrine and angiotensin II which are strictly
dependent from opening of calcium channels.
The severe reduction in peripheral vascular
resistance causes a severe discrepancy between the
abnormal vascular capacitance and the decrease
in arterial filling [23]. The myocardial depression
in septic patients can be referred to the action of
proinflammatory cytokines, especially TNF-alpha
and IL-1 beta. In fact, myocardial function improves
after the use of antibodies directed against TNF-
alpha [24]. During sepsis, the kidneys are damaged

Histological changes in neonatal sepsis

and as a result is manifested acute renal failure
caused by the action of inflammatory cytokines.
The synthesis of TNF, produced by renal mesangial
and endothelial cells, is responsible for glomerular
apoptosis. Another mediator of renal damage is the
PAF, produced by endothelial cells and mesangial
cells. PAF and endothelin are vasoconstrictors
that increase the afferent and efferent arteriolar
resistance, followed by the reduction of glomerular
plasma flow, perfusion pressure which is associated
with a reduction glomerular permeability. Organ
damage is aggravated by thrombi, secondaries to
the coagulation cascade. During sepsis, kidneys are
damaged and manifested acute renal failure caused
by the action of the hemodynamic failure and
inflammatory cytokines [25]. Pulmonary lesions are
represented by adult respiratory distress syndrome
(ARDS), that is characterized by an increased
permeability of the alveolar-capillary membrane.
This is due to alteration of endothelial and alveolar
epithelial barrier that allows the passage of plasma,
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erythrocytes and polymorphonuclear cells in the
interstitium and within the alveolar spaces. The
damage of the endothelium and alveolar epithelial
cells activates the production of inflammatory
cytokines and the expression of adhesion molecules
in neutrophil and favoures their chemotaxis and
diapedesis into the interstitium. Many events
caused lung damage, as the activation of the
complement, coagulation with microvascular
embolization, degranulation of neutrophils with
release of proteolytic enzymes and local production
of endoperoxides. All these factors are responsible
for interstitial edema and the passage of fluid
into the alveoli [26]. The alveolar edema and the
activity of the proteolytic enzymes of neutrophils
damage the alveolar epithelial cells type 1 with
secondary reduction of alveolar surfactant. This
events alter the exchange of oxygen (hypoxia and
hypercapnia) with the clinical picture of severe
respiratory failure [27].

Conclusions

The analysis of the pathological data observed
in this newborn affected by neonatal sepsis allows
us to suggest a simple scheme for a complete
histopathological examination in cases of neonatal
sepsis (Tab. 1). Endothelial damage — represented
by nuclear swelling, detachment, apoptosis, and
complete loss of the endothelial barrier — represents
the most important feature in the pathological
analysis of the organs. Perivascular interstitial
edema and microthrombosis may be considered the

Journal of Pediatric and Neonatal Individualized Medicine < vol. 3 - n. 2 - 2014

typical consequences of the endothelial damage. The
finding of inflammatory cells in the alveolar spaces
is the typical lesion indicating sepsis as the common
cause of the observed pathological changes. Acute
tubular necrosis of proximal tubules and loss
of podocytes (acute podocytopathy) represent
the typical renal lesions in newborn affected by
sepsis. Wave arrangement of cardiomyocytes and
vacuolization of their cytoplasm are, according with
our data, the typical lesions of the newborn heart.

In conclusion our data suggest that the loss of the
endothelial barrier represents the most important
feature in neonatal sepsis and the unifying lesion
affecting multiple organs and systems causing the
evolution toward MOF.
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