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The study of the secretory leukocyte protease inhibitor (SLPI) level in children with
pneumonia is important because it may indicate protease-antiprotease imbalance and
predict local regulation of proteolytic activity at different degrees of pneumonia in children.
The aim of the study was to assess the level of SLPI as a marker of proinflammatory
response in the serum of young children, depending on the severity of pneumonia, including
the presence or absence of lesions of the hepatobiliary system. The study investigated
the SLPI as a marker of the inflammatory response in children with community-acquired
pneumonia, depending on the severity of the disease, lesions of the hepatobiliary system,
age and sex. The level of SLPI in the serum was determined by enzyme-linked
immunosorbent assay using a diagnostic test system from "IMMUNOTECH" (France).
"IBM SPSS Statistica" Version 12 (20) was used for statistical processing of the results.
It was found that the course of community-acquired pneumonia is accompanied by an
increase in the serum level of SLPI in children in parallel with the severity of the disease.
The development of a lesion from the GBS reduces the level of a protease inhibitor in the
blood serum of children with pneumonia, which indicates a decrease in the body's
defense systems. In children 1-12 months, the level of SLPI is higher than in children 13-
36 months, which indicates more significant protective capabilities of the body of children
in the first year of life. It has been shown that an increase in the level of SLPI correlates
with an increase in the level of inflammatory cytokines, which indicates a unidirectional
change in the formation of local immunity in response to damage to the lung tissue. At the
same time, a negative correlation was found between the level of SLPI and the activities
of AST, GGT and CRP (rxy= -0.054; rxy= -0.215; rxy= -0.215, respectively), which indicates
a violation of liver function during the development of an infectious-inflammatory process
in the body. Studies of the nature of the effects of cytokines and protease inhibitors
(protective factors) on the development and maintenance of inflammatory process in the
lungs in young children with community-acquired pneumonia with lesions of the
hepatobiliary system may be the basis for predicting its course.
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Introduction
Intensification of protective inflammatory reactions in

children with pneumonia may occur in response to the
invasion of pathogens, which is observed in the interaction
of receptors on the surface of cell membranes with immune
complexes [7, 13, 16]. In this case, the inflammatory
process that develops in the lower respiratory tract is
accompanied by the release from cells and activation of
proteases - extracellular matrix metalloproteases and

serine proteases [1, 15]. Normally, these proteases are
synthesized in cells and accumulate in the primary
lysosomes of polymorphonuclear leukocytes [3]. They play
an important role in the degradation of the components of
the extracellular matrix, and thus determine the prognosis
and nature of the pathological process in the body [4].
Regulation of lysosomal protease activity is carried out by
local and/or systemic inhibitors, which are able to prevent



excessive proteolysis [12]. As a result, tissue destruction
is prevented by an excessive immune response. Such
antiproteases include the secretory leukocyte pro tease
inhibitor, SLPI [17]. It is known [2, 5] that this inhibitor is
produced by epithelial cells of the upper and lower
respiratory tract, as well as macrophages and neutrophils
of mucous membranes. As a component of local immunity,
SLPI can act as an important regulator of innate and
acquired immunity and provide control of the local
inflammatory response [14].

Because SLPI has not only antiprotease (C-terminal
domain) but also antibacterial (N-terminal domain) action
[9], determining its level in the serum of children with
community-acquired pneumonia is an important factor in
the mechanism of disease development. The study of SLPI
levels in children with pneumonia is important because it
may indicate a violation of protease-antiprotease balance
and predict local regulation of proteolytic activity at different
degrees of severity of pneumonia in children. The effects
of hepatobiliary lesions on the plasma SLPI levels of
children with pneumonia, as well as the relationship
between SLPI levels and markers of the infectious-
inflammatory process, interleukins and C-reactive protein
(CRP), remain unclear.

The aim of the study was to assess the level of SLPI as
a marker of pro-inflammatory response in the serum of
young children, depending on the severity of pneumonia,
including the presence or absence of lesions of the
hepatobiliary system.

Materials and methods
We examined 338 children with community-acquired

pneumonia, aged 1 to 36 months, who were hospitalized
in the Infectious Diseases Boxing Department for Young
Children of the Vinnytsia Regional Children's Clinical
Hospital.

Verification of the diagnosis of community-acquired
pneumonia in young children was performed according to
the recommendations of the British Thoracic Society
(British Thoracic Society guidelines for the management
of community acquired pneumonia in children: update
2011). Pre-antibacterial treatment was not performed in
patients prior to admission to the hospital.

In the presence or absence of lesions of the
hepatobiliary system, all patients were divided into two
groups: Group I - 186 children who had pneumonia and
HBS lesions; Group II - 152 patients with pneumonia
without damage to the hepatobiliary system. The
comparison group included 40 healthy children.

In each group, the results were analyzed depending on
the severity of pneumonia (moderate, severe), age (1-12
months and 13-36 months) and sex (boys, girls).

The level of SLPI in the serum was determined by
enzyme-linked immunosorbent assay using a diagnostic
test system from "IMMUNOTECH" (France).

"IBM SPSS Statistica" Version 12 (20) was used for

statistical processing of results using parametric and
nonparametric methods.

Results
The results of the studies showed that all patients had

an increase in serum SLPI level (table 1). Thus, in children
with pneumonia and lesions of the hepatobiliary system,
the level of SLPI was 4.94 times higher than in healthy
children (p<0.05). Similar changes were observed in
patients with pneumonia without lesions of the
hepatobiliary system, in whom the SLPI was 5.45 times
higher than in healthy children (p<0.05) (see table 1).

In patients with hepatic impairment, SLPI levels were
elevated in both moderate and severe pneumonia.
However, if with moderate pneumonia the level of SLPI
was 807.8±54.2 pg/ml, which is 3.49 times higher than the
comparison group (231.3±13.7 pg/ml) (p<0.05), then with
severe - the level of SLPI was 1496±175 pg/ml, which is
6.47 times higher than the comparison group (p<0.05)
(Table 2). Apparently, in severe pneumonia, destructive
processes of the extracellular matrix involving proteolytic
enzymes occur in the lung tissue to a greater extent, in
response to which appropriate protease inhibitors, in
particular SLPI, are synthesized [4]. This reduces the
detoxification function of the liver.

In patients without liver damage, the level of SLPI in the

Table 1. SLPI content in children with community-acquired
pneumonia depending on the presence of lesions of the
hepatobiliary system (М±m).

Notes: * - statistically significant difference compared to healthy
children, p<0.05; HBS - hepatobiliary system.
Table 2. SLPI content in children with pneumonia, depending on
the severity of the disease (М ± m).

Serum content
All patients, n=338

Healthy
children, n=40with HBS

lesions
without HBS

lesions

SLPI (pg/ml) 1144±51* 1261±42* 231.3±13.7

Indicator

All patients, n=338 Healthy
children,

n=40
with HBS lesions without HBS lesions

moderate severe moderate severe

SLPI
(pg/ml) 807.8±54.2* 1496±175* 1172±63* 1303±46* 231.3±13.7

Note: * - statistically significant difference compared to healthy
children, p<0.05; HBS - hepatobiliary system.

Indicator

All patients, n=338

Healthy
children,

n=40

age 1-12 month age 13-36 month

with HBS
lesions

without
HBS

lesions

with HBS
lesions

without HBS
lesions

SLPI
(pg/ml) 1270±61* 1388±46* 841.5±85.9* 782.4±69.4* 231.3±13.7

Table 3. SLPI content in children with community-acquired
pneumonia, depending on age, (М±m).

Note: * - statistically significant difference compared with healthy
children, p<0.05; GBS - hepatobiliary system.
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blood was equally increased in both moderate and severe
community-acquired pneumonia. It was found that in
moderate pneumonia the level of SLPI increased 5.07
times, and in severe - 5.63 times compared with healthy
children (p<0.05) (see Table 2). The established fact
indicates that in community-acquired pneumonia the liver
plays a major role in protecting the child's body from
pathogens that provoke infectious and inflammatory
processes in the lungs. The issues of protection of the
body of children of different age groups remain open,
because at an early age the adaptive-protective systems
are not yet sufficiently developed.

The results of determining the level of SLPI in the serum
of children with community-acquired pneumonia, which we
divided by age showed that in children aged 1-12 months,
its level significantly exceeded not only control, but also
children aged 13-36 months (Table 3). Thus, in children
with pneumonia aged 1-12 months with liver damage, the
SLPI level was 1270±61 pg/ml, and without liver damage -
1388±46 pg/ml, which is 5.49 times and 6.0 times higher
than healthy children, respectively (p<0.05) (see Table 3).

At the same time, in children aged 13-16 months the
studied values were lower: 841.5±85.9 pg/ml - in children
with community-acquired pneumonia with liver damage
and 782.4±69.4 pg/ml - in children with pneumonia without
liver damage, which is 3.64 times and 3.38 times higher
than healthy children, respectively (p<0.05) (see Table 3).

Analysis of the results of the study of the level of SLPI
depending on gender showed that the difference between
the studied indicator in boys and girls was not found. In
children with hepatobiliary disorders, the SLPI level was
1095±61 pg/ml in boys and 1197±85 pg/ml in girls (Table 4).
Similar changes were observed in patients without
hepatobiliary system damage, in whom SLPI was 1333±
64 pg/ml in boys and 1231±57 pg/ml in girls (see Table 4).
However, it should be noted that in all patients without liver
damage (boys and girls) SLPI levels were higher than in
patients with hepatobiliary disorders.

The second stage of the study was the correlation
between the level of SLPI in the serum and the indicators
of infectious-inflammatory process - IL-1, IL-6 and CRP.
The analysis showed that the highest positive correlation
was observed between the level of SLPI and the level of IL-
1 in the blood with a value of rxy= +0.179, which indicates
the fact that SLPI production increases under the influence
of IL-1 [8]. The correlation between the level of SLPI and the
level of IL-6 in the blood was rxy= +0.127, which indicates a
lower direct relationship between these indicators. The

correlation coefficient between the content of SLPI and CRP
in blood serum is equal to rxy= -0.215.

Studies have shown an association between the level
of SLPI indicators of cytolysis syndrome - ALT, AST and
GTP in the blood. Thus, by calculating the Pearson
correlation coefficient, a positive correlation was found
between the level of SLPI and ALT activity with the level of
rxy = +0.130 and a negative correlation between the level of
SLPI and AST and GTP. Moreover, the correlation coefficient
is  lower  for  the  GTP  -  rxy= -0.215 compared with AST -
rxy= -0.054.

The results of the analysis of the relationship between
total bilirubin and alkaline phosphatase activity showed a
weak correlation with the level of SLPI, which is equal to
rxy= +0.047 and rxy= +0.025, respectively, which is apparently
related to the synthesis of this inhibitor by gallbladder
epithelial cells conditions of damage to the hepatobiliary
system.

Discussion
The development of infectious and inflammatory

processes in the lungs is accompanied by the release
and activation of a large family of proteases that determine
the nature of the disease, as they play an important role in
the degradation of extracellular matrix components [6].
Maintaining the integrity of the target organ is provided by
inhibitors of protease activity that prevent excessive
proteolysis, among which SLPI is one of the most important
inhibitors of proteases that function in the respiratory tract.
Therefore, determining the level of SLPI in the serum of
young children will predict the course of pneumonia in the
presence or absence of lesions of the hepatobiliary system.

SLPI production in patients with pneumonia may increase
under the influence of IL-1, tumor necrosis factor-α ,
epidermal growth factor, neutrophil elastase [8]. On the other
hand, increased levels of SLPI in inflammatory processes
in lung tissue may occur in response to activation of
proteolytic enzymes in children with community-acquired
pneumonia [17], indicating the activation of compensatory
responses in children. Increasing the level of SLPI helps
to suppress the action of neutrophil elastase, trypsin and
cathepsin G (to a lesser extent) [8]. It should be noted that
in patients with lesions of the hepatobiliary system, the
increase in SLPI is less than in patients without liver
damage. This fact can be explained by the fact that SLPI is
partially synthesized in the liver [10], so when this organ is
affected, the level of SLPI in the bloodstream decreases,
which will negatively affect the state of the child's body. In

Table 4. Gender-based SLPI in children with community-acquired pneumonia, (М±m).

Note: * - statistically significant difference compared to healthy children, p<0.05; GBS - hepatobiliary system.

Indicator

All patients, n=338
Healthy children, n=40

with HBS lesions without HBS lesions

boys, n=103 girls, n=87 boys, n=69 girls, n=79 boys, n=21 girls, n=19

SLPI (pg/ml) 1095±61* 1197±85* 1333±64* 1231±57* 227.6±30.8 254.3±23.1
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addition, changes in the level of SLPI in the blood may
depend on the intensity of the inflammatory process in the
lungs, which makes it necessary to study the level of SLPI
depending on the severity of pneumonia.

Since the studied protease inhibitor may also affect the
regulation of anti-inflammatory cytokines IL-10 and
transforming growth factor   macrophages [11], a sharp
increase in children aged 1-12 months indicates the
activation of the body's defense systems. In addition, SLPI
can induce neutrophil chemotaxis, reduce their death by
apoptosis and does not significantly affect the release of
IL-8, so such a sharp increase (response) of this inhibitor
can be used to assess the condition of sick children and
chronic pathological process [4]. At the same time, this will
determine the tactics of treatment in these groups of
patients.

As a result of our research, it was found that with the
development of community-acquired pneumonia in young
children in the body increases the level of SLPI with higher
rates in severe disease. In patients with lesions of the
hepatobiliary system, this increase is less pronounced,
which indicates lower protection of the body from destructive
processes in the infectious-inflammatory process. The
level of SLPI does not depend on gender, but is higher in
children aged 1-12 months, compared with the group of
children 13-36 months. The results indicate that the liver
plays an important role in protecting the body from an
infectious agent that is tropical to the tissues of the
respiratory system, indicating the need for hepatoprotectors
for patients with hepatobiliary diseases, which can facilitate
the course and prevent complications of infectious-
inflammatory process in these patients.

Analysis of the correlations between serum SLPI levels
and infectious-inflammatory indicators suggests that
increased CRP in the blood of patients with pneumonia
may indicate destructive changes in the liver, resulting in
decreased SLPI levels. Because the liver is part of the
hepatobiliary system, along with liver dysfunction, the work
of the gallbladder may be impaired under conditions of
infectious-inflammatory process in pneumonia. Therefore,
we determined the correlation coefficient between the level
of SLPI and cytolysis and cholestasis.

The negative correlation between the level of SLPI and
the activity of AST and GTP enzymes in the blood indicates
that an increase in the level of SLPI in the blood is
accompanied by a decrease in the activity of AST and GTP.
This may indicate destructive processes in the liver and
increased inflammatory processes in the lungs with

activation of proteolytic activity, destruction of cells in the
lungs, in response to which the level of SLPI increases, ie
triggers a focal inflammatory response.

Thus, the results show that the importance of protease
inhibitors in the regulation of intracellular proteolysis in the
development of pathological processes in lung tissue
remains important for predicting the prognosis of the
disease. There is a significant correlation between the
influence of cytokines (inflammatory mediators) and
protective factors (protease inhibitors) on the development
and maintenance of inflammatory processes in the lungs
in community-acquired pneumonia, the relationship with
the severity of the disease, the development of hepatobiliary
pathology.

Conclusion
1. Determination of the level of protease inhibitor in the

serum of young children with community-acquired
pneumonia showed that the disease is accompanied by a
risk of extracellular damage in lung tissue, in response to
increased SLPI production (in children with hepatobiliary
system, SLPI level 4.94 times patients without lesions of the
hepatobiliary system - 5.45 times higher than healthy
children). Plasma SLPI levels decrease with hepatobiliary
damage.

2. In patients with hepatic impairment, the level of SLPI
increased in both moderate and severe pneumonia (3.49
and 6.47 times, respectively) compared with the control
group. In patients with pneumonia without liver damage, the
level of SLPI in the blood was equally increased in both
moderate and severe nosocomial pneumonia (5.07 and
5.63 times, respectively) compared with healthy children.

3. In children aged 1-12 months with pneumonia and
hepatobiliary lesions, the SLPI level was 5.49 times, and
without hepatobiliary lesions - 6.0 times higher than in the
control group. In children 13-36 months, the studied rate
was 3.64 times higher than pneumonia with lesions of the
hepatobiliary system and 3.38 times (without lesions of the
hepatobiliary system) was higher than in healthy children.

4. The level of SLPI in the serum correlates with the
content of pro-inflammatory cytokines, which indicates the
unidirectional changes in the formation of local immunity in
response to lung tissue damage (rxy= +0.127 - (+0.179), in
addition, there is a negative relationship between its content
and activity of AST, GTP and CRP at the level of rxy= -0.054 -
(-0.215), which indicates liver dysfunction with the
development of infectious-inflammatory process in the body.
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