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Abstract Objective. To evaluate the diagnostic and prognostic significance of inflammatory markers and innate immunity
parameters in combination with B-cell and humoral immune response indicators in children with different severities of
community-acquired pneumonia (CAP). Materials and Methods. This prospective single-center study included 80 children
aged 1 month to 3 years with clinically and radiologically confirmed community-acquired pneumonia. Patients were
stratified into mild (n=40) and severe (n=40) disease groups. Systemic inflammatory markers (leukocyte count, procalcitonin,
C-reactive protein), innate immunity parameters (CD64 and CD16 expression, neutrophil phagocytic activity), as well as
adaptive and humoral immune indicators (lymphocyte count, CD19, IgA, IgM, and IgG levels) were assessed. Statistical
analysis included estimation of effect size using Cohen’s d. Results. Severe CAP was characterized by leukocytosis,
lymphopenia, elevated procalcitonin and C-reactive protein levels, and pronounced activation of innate immunity, reflected
by a significant increase in CD64 expression and neutrophil phagocytic activity (p<0.001). CD19 demonstrated moderate
intergroup differences, indicating secondary involvement of the B-cell immune compartment. Serum immunoglobulin
concentrations (IgA, IgM, and IgG) did not show statistically significant differences between groups. CD16 lacked
independent diagnostic value. Conclusion. Severe community-acquired pneumonia in early childhood is associated with the
development of an immunophenotype characterized by predominant innate immune activation accompanied by functional
impairment of adaptive and humoral immune responses. A comprehensive assessment of inflammatory and innate immune
markers, including CD64, improves early risk stratification and may support optimized clinical management.
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1. Introduction after discharge [1].

CAP remains one of the leading causes of morbidity and
mortality in early childhood. The incidence is approximately
15-20 cases per 1,000 children under three years of age and
5-6 cases per 1,000 children at older ages [2]. According

Community-acquired pneumonia (CAP) is one of the most
common respiratory tract infections in children and represents
a significant challenge for modern pediatrics. CAP is defined
as an acute inflammatory disease of the lungs that develops

outside the hospital setting or is diagnosed within the first
48 hours after hospitalization, or not earlier than four weeks
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to the World Health Organization, pneumonia is one of the
major causes of childhood mortality, accounting for 17.5%
of all deaths in children under five years old (approximately
1.1 million cases annually), with up to 99% of deaths occurring
in low- and middle-income countries [3]. Worldwide, around
156 million cases of pneumonia in children are recorded
annually, of which up to 2 million result in death [1].
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Assessment of risk and prediction of treatment outcomes
in children with CAP is of great practical importance, especially
in early childhood, which is characterized by functional
immaturity of the immune system. The pathogenesis of
CAP is largely driven by innate immune mechanisms that
provide the primary anti-infective response, as well as their
interaction with adaptive and humoral components of the
immune system. An imbalance between activation of innate
immune responses and the functional capacity of the
adaptive immune response may determine the severity of the
disease and the likelihood of unfavorable outcomes.

Immunological biomarkers—such as systemic inflammatory
markers, cellular subpopulations, and humoral immunity
parameters—allow for an objective assessment of immune
response characteristics and disease severity. Classical
inflammatory markers, including leukocyte count, lymphocyte
count, procalcitonin, and C-reactive protein, are widely used
in clinical practice for the initial evaluation of infectious
activity [5,6]. At the same time, innate immunity markers
such as CD64" expression and neutrophil phagocytic activity
are considered more sensitive indicators of severe bacterial
inflammation and systemic immune activation [7].

In addition, adaptive and humoral immunity indicators—
including B-cell parameters (CD19") and serum immunoglobulin
levels (IgA, 1gM, IgG)—reflect the involvement of specific
immune mechanisms in the anti-infective response. Analysis
of these indicators allows for a more comprehensive
characterization of the immune profile and identification
of immunoregulatory features associated with severe CAP
[4]. A combined assessment of inflammatory markers and
parameters of innate, adaptive, and humoral immunity may
serve as the basis for early risk stratification, optimization of
monitoring, and justification of management strategies for
children with community-acquired pneumonia.

Objective. To evaluate the diagnostic and prognostic
significance of inflammatory markers and innate immunity
parameters, in combination with indicators of B-cell and
humoral immune responses, in children with different
severities of community-acquired pneumonia (CAP).

2. Materials and Methods

This study was conducted as a single-center prospective
observational investigation, in which children with community
-acquired pneumonia (CAP) hospitalized at the Republican
Scientific Center for Emergency Medical Care from September
2024 to May 2025 were consecutively enrolled. A total of
80 children aged 1 month to 3 years with clinically and
radiologically confirmed CAP were included. Depending on
disease severity, patients were divided into two groups: 40
children with mild CAP and 40 children with severe CAP.

Inclusion criteria required the presence of clinical and
radiological signs of community-acquired pneumonia, age
under 3 years, and hospitalization within the first 24 hours
from disease onset. Exclusion criteria included primary
and secondary immunodeficiency disorders, long-term
immunosuppressive therapy, severe chronic diseases of
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the cardiopulmonary, hepatic, renal, or nervous systems,
hospital-acquired pneumonia, a history of severe infection or
hospitalization within the previous four weeks, absence of
informed consent, or incomplete clinical and laboratory data.
Hospital-acquired pneumonia was excluded if clinical and
radiological signs of lung inflammation appeared >48 hours
after hospitalization in the absence of respiratory symptoms
and infiltrative changes on the initial chest radiograph.

Venous blood samples were collected on the first day
of hospitalization, before initiation or in the early phase of
antibiotic therapy. All patients underwent a complete blood
count with measurement of leukocyte count and absolute and
relative lymphocyte numbers. Procalcitonin and C-reactive
protein levels in plasma were assessed as systemic inflammatory
markers.

Immunological evaluation included assessment of innate,
adaptive, and humoral immunity parameters. Innate immune
response was characterized by determining neutrophil CD64+
and CD16+ expression, as well as neutrophil phagocytic
activity. Adaptive immunity was assessed by quantitative
evaluation of the B-cell subset through measurement of
CD19+ levels. Humoral immunity was evaluated by measuring
serum concentrations of immunoglobulins 1gA, IgM, and 1gG.

Statistical analysis was performed using descriptive
and inferential statistical methods. The normality of data
distribution was assessed using the Shapiro-Wilk test, and
homogeneity of variances was evaluated using the F-test.
Quantitative variables were compared between groups using
Student’s t-test for normally distributed data with equal
variances and Welch’s t-test when variances were unequal.
For non-normally distributed data, the Mann—Whitney U test
was applied. The magnitude of intergroup differences was
assessed using Cohen’s d effect size. A p-value <0.05 was
considered statistically significant.

3. Results

The most pronounced differences between the groups
were observed in the white blood cell (WBC) count. The
t-test revealed a highly statistically significant difference
(p<0.001), with an effect size of d = -0.51, indicating a
moderate effect. Increased WBC counts in children with severe
community-acquired pneumonia (CAP) reflect activation
of the systemic inflammatory response and suggest the
development of a pronounced innate immune cascade
directed toward elimination of the infectious agent. In this
setting, leukocytosis should be regarded not only as a marker
of inflammation, but also as an indicator of generalized
immune activation associated with a more severe clinical
course of the disease (Table 1).

The lymphocyte-related parameters also showed statistically
significant differences. The t-test demonstrated a significant
decrease in both the relative lymphocyte count (p<0.01; d =
0.28) and the absolute lymphocyte count (p<0.001; d = 0.51)
in children with severe CAP (Table 1). The presence of
lymphopenia in severe disease reflects suppression of the
adaptive immune response, which is characteristic of systemic
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inflammatory reactions and is associated with functional
impairment of both the T-cell and B-cell compartments of
immunity. This phenomenon may be related to lymphocyte
redistribution to the site of inflammation, apoptosis of
immune cells induced by proinflammatory cytokines,
and exhaustion of immunoregulatory mechanisms, thereby
contributing to the development of an immunodeficiency
-like state in the context of a hyperinflammatory response.

Analysis of the B-cell compartment revealed statistically
significant between-group differences in CD19+ levels
(p<0.001) with a moderate effect size (d = 0.50-0.59) (Table 1),
indicating involvement of the adaptive immune system in
shaping the immune response in severe forms of community
-acquired pneumonia (CAP). Changes in CD19+ reflect
activation of the B-lymphocyte component of the immune
system; however, in terms of effect magnitude, this parameter
was less pronounced than markers of innate immunity,
suggesting a secondary role of adaptive mechanisms in the
pathogenesis of severe inflammatory disease. These findings
indicate an imbalance in immune reactivity characterized
by predominance of innate immune activation with relative
functional insufficiency of the adaptive immune compartment.

Parameters of humoral immunity (IgA, IgM, and IgG)
did not demonstrate statistically significant between-group
differences, despite directional changes observed in the
effect size analysis (Cohen’s d) (Table 1). This profile may
reflect the functional immaturity of humoral immunity
in young children, in whom quantitative immunoglobulin
parameters may not reach diagnostically meaningful differences
despite ongoing immune activation. These findings suggest
limited involvement of humoral mechanisms in the
pathogenesis of severe CAP during the early stages of
disease and further support the dominant role of innate
immune responses.

Classical biomarkers of bacterial inflammation, namely
procalcitonin and C-reactive protein (CRP), also demonstrated
significant between-group differences. Children with severe
CAP showed increased levels of procalcitonin (p<0.001;

d =-0.49) and CRP (p<0.001; d = -0.31) (Table 1), reflecting
activation of the systemic inflammatory cascade and a
cytokine-induced acute-phase response. Despite relatively
modest effect sizes, these markers are highly sensitive to
severe bacterial infection and reflect the intensity of the
systemic inflammatory response, thereby complementing the
immunological profile of severe disease.

The most pronounced differences were observed for
CD64+ expression, a highly sensitive marker of neutrophil
and monocyte activation. A p-value <0.001 and an effect
size of d = —0.80 indicate high diagnostic and prognostic
informativeness of this parameter (Table 1). Increased
CD64+ expression in children with severe CAP reflects
hyperactivation of innate immunity, ycunenune Fc-receptor
—mediated pathogen recognition, and activation of
phagocytic cascades, supporting the role of CD64+ as one of
the key markers of severe disease.

Neutrophil phagocytic activity also demonstrated statistically
significant differences (p<0.001; d = —0.48) (Table 1).
Increased phagocytic function reflects mobilization of innate
defense mechanisms under conditions of high microbial
burden and may represent a compensatory immune response
aimed at pathogen elimination. At the same time, enhanced
phagocytosis may contribute to maintenance of the inflammatory
cascade and tissue injury, which is pathogenetically linked to
the severe clinical course of CAP.

In contrast to the above parameters, CD16+ did not reach
statistical significance (p = 0.068; d = —0.06) (Table 1). The
absence of significant differences may be related to age-
related immunological variability, physiological immaturity
of the NK-cell compartment, and limited sensitivity of this
parameter for assessing CAP severity in young children.
Nevertheless, the observed trend toward higher CD16+
levels in severe disease suggests possible involvement of
NK-cell-mediated mechanisms in shaping the immune
response and supports consideration of this marker as an
auxiliary component of the immunological profile warranting
further investigation.

Table 1. Comparative inflammatory and immunological markers in children with different severity of community-acquired pneumonia, n=80 (40/40)

Parameter p (F-test) | Variance Test p-value | Cohen’s d | Effect size interpretation

WBC count, x10°/L 0.272 Equal t-test <0.001 -0.51 Moderate
Lymphocytes, % 0.448 Equal t-test <0.01 0.28 Small
Lymphocytes, x10°/L 0.277 Equal t-test <0.001 0.51 Moderate
CD16+, % 0.951 Equal Mann-Whitney U test | >0.05 -0.06 Very small
CD64+, % 0.181 Equal t-test <0.001 -0.80 Large
Phagocytosis, % <0.001 Unequal | Mann-Whitney U test | <0.001 -0.48 Small to moderate
Procalcitonin, ng/mL <0.001 Unequal | Mann-Whitney U test | <0.001 -0.49 Small to moderate
C-reactive protein, mg/mL 0.051 Equal t-test <0.001 -0.31 Small
CD19+ (B lymphocytes) 0.049 Unequal Welch’s t-test <0.001 0.59 Moderate
CD19+, % 0.064 Equal Mann-Whitney U test | <0.001 0.50 Moderate
IgA 0.058 Equal Mann-Whitney U test | 0.005 -0.26 Small

IgM 0.421 Equal Mann-Whitney U test | 0.470 -0.08 Very small
1gG 0.686 Equal Mann-Whitney U test | 0.144 0.15 Very small
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4. Discussion

The present findings confirm the high diagnostic and
prognostic value of a comprehensive assessment of inflammatory
markers and innate immunity parameters in community-
acquired pneumonia (CAP) in young children. The observed
changes reflect activation of the systemic inflammatory
response and innate immune mechanisms in the setting of
relative suppression of the adaptive immune compartment,
which is generally consistent with current concepts regarding
the pathogenesis of severe pediatric CAP described in
clinical guidelines and epidemiological studies [1-3].

The elevated white blood cell (WBC) count observed in
children with severe CAP in the present study is consistent
with the findings of the retrospective observational study
by Cao et al., in which marked leukocytosis was associated
with respiratory failure, the need for intensive care, and an
unfavorable prognosis in patients with severe community-
acquired pneumonia [2]. Similar conclusions are also reflected
in the clinical guidelines of the Union of Pediatricians of
Russia, which emphasize the importance of complete blood
count parameters as accessible and informative tools for the
initial assessment of disease severity [1].

The lymphopenia identified in our study among patients
with severe CAP is also consistent with clinical and
pathophysiological studies showing that a reduced absolute
lymphocyte count reflects impairment of the adaptive immune
response and is associated with a more severe course of
infectious and inflammatory processes in young children
[2,9,12]. From a pathogenetic perspective, lymphopenia may
result from redistribution of lymphocytes to the inflammatory
focus, apoptosis of immune cells induced by proinflammatory
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cytokines, and exhaustion of immunoregulatory mechanisms,
leading to a state of functional immune insufficiency in the
context of a hyperinflammatory response.

Classical inflammatory biomarkers, namely procalcitonin
and C-reactive protein (CRP), also demonstrated a significant
association with severe CAP in the present study. In the
study by Cao et al., elevated procalcitonin was identified as
an independent predictor of severe disease and adverse
outcome in children with pneumonia [2]. Similar findings
have also been reported in domestic studies evaluating the
diagnostic value of procalcitonin in hospitalized children
with CAP [10]. At the same time, several studies have
emphasized the limitations of using procalcitonin and CRP
in isolation, which supports the rationale for their combined
assessment with immunological markers reflecting activation
of innate immunity [11].

The most pronounced between-group differences in the
present study were observed for CD64+ expression, which is
in line with current evidence supporting its role as a highly
sensitive marker of innate immune activation in bacterial
infections. In the study by Abdelmohsen and Allam,
neutrophil CD64 expression in children with CAP was
significantly higher than in the control group and correlated
with clinical disease severity and CRP levels [7]. Similar
findings have been reported in other studies confirming
the diagnostic value of CD64 specifically in the pediatric
population with pneumonia [8]. According to the meta-
analysis by Shang et al., the CD64 index is comparable to,
and in some settings superior to, traditional inflammatory
markers in terms of sensitivity and specificity in severe
infections, further underscoring its prognostic potential [9].
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Figure 1.

Proposed immunopathogenetic model of severe community-acquired pneumonia in young children. The model illustrates the

predominance of innate immune activation, characterized by activation of the neutrophil-monocyte compartment (CD64+, enhanced phagocytosis, and
leukocytosis) and the development of a systemic inflammatory response (procalcitonin and C-reactive protein), in the setting of adaptive immune impairment
(lymphopenia) and relative functional immaturity of the humoral immune compartment (IgA, IgM, and 1gG), with secondary involvement of the B-cell

component (CD19+)
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The increased neutrophil phagocytic activity observed in
children with severe CAP reflects activation of the innate
immune response under conditions of high microbial burden.
Similar changes have been described in studies focusing on
Fc receptors and mechanisms of neutrophil activation in
severe infectious and inflammatory diseases in children,
where enhanced phagocytosis is regarded as a compensatory
mechanism aimed at pathogen elimination, but one that may
simultaneously contribute to persistence of the inflammatory
cascade and tissue injury [11,12].

Unlike the other investigated parameters, CD16+ did not
reach statistical significance in our study. This finding is
consistent with published data indicating high age-related
and interindividual variability in CD16 expression in young
children, as well as its limited independent prognostic value
compared with CD64 in assessing the severity of infectious
and inflammatory conditions [9,11].

The integrated analysis of inflammatory markers and
parameters of innate, adaptive, and humoral immunity
allowed us to formulate an integrative model of the immune
phenotype associated with severe CAP in young children.
This phenotype is characterized by predominance of innate
immune mechanisms against a background of relative
functional insufficiency of the adaptive and humoral immune
compartments (Figure 1).

The defining features of this immune profile are
pronounced innate immune activation, reflected by increased
CD64+ expression, enhanced neutrophil phagocytic activity,
leukocytosis, and elevated levels of systemic inflammatory
markers (procalcitonin and C-reactive protein). Collectively,
these findings indicate hyperactivation of the neutrophil
—monocyte compartment and the development of a systemic
inflammatory cascade aimed at rapid pathogen clearance.

Concurrently, adaptive immune impairment is evident,
manifested by lymphopenia, dysfunction of the lymphocytic
compartment, and secondary involvement of the B-cell
component (CD19+ changes), without evidence of a fully
developed humoral response. The absence of substantial
quantitative changes in immunoglobulin fractions (IgA, IgM,
and 1gG) despite signs of B-cell activation likely reflects
the relative functional immaturity of humoral immunity
characteristic of young children and suggests a limited
contribution of antibody-mediated mechanisms during the
early phase of severe inflammation.

Taken together, the immune phenotype of severe community
-acquired pneumonia in young children is characterized
by innate immune predominance, in which neutrophil-
monocyte—driven mechanisms and systemic inflammation
play a central pathogenetic role, whereas the adaptive
and humoral immune compartments remain functionally
compromised and dysregulated. This imbalance in immune
reactivity may sustain the hyperinflammatory state, promote
tissue injury, and contribute to a more severe clinical course.

5. Conclusions

Severe community-acquired pneumonia (CAP) in young

children is characterized by an immune phenotype of innate
immune predominance, developing in the setting of relative
functional impairment of the adaptive and humoral immune
compartments. The most informative diagnostic and prognostic
markers were those reflecting systemic inflammation and
innate  immune  activation, including leukocytosis,
lymphopenia, elevated procalcitonin and C-reactive protein
levels, and marked activation of the neutrophil-monocyte
compartment, as evidenced by increased CD64+ expression
and enhanced neutrophil phagocytic activity. Moderate
alterations in CD19+ support secondary involvement of the
B-cell compartment, whereas the absence of statistically
significant differences in I1gA, IgM, and IgG levels suggests
relative functional immaturity of the humoral immune
response in early childhood. A combined assessment of
inflammatory markers and innate immunity parameters,
particularly CD64+, may improve early identification of
children at risk for severe CAP and support more precise risk
stratification and clinical decision-making in this vulnerable
age group.
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