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Abstract The article analyzes the role of humoral immunity in the pathogenesis of impaired bone regeneration in patients
with long bone fractures after COVID-19. A total of 126 patients were examined, divided into three groups according to the
type of fracture consolidation: normal, delayed, and delayed with complications. Serum levels of immunoglobulins A, G, M,
and E were measured by ELISA and compared depending on the severity of COVID-19. The results showed a significant
increase in IgA, 1gG, IgM, and especially IgE levels in groups with impaired consolidation, most notably after severe
COVID-19. These changes are associated with persistent immune activation and possible autoimmune or allergic-type
inflammation that can inhibit bone healing. Immunoglobulin levels may serve as early predictive markers of complicated

post-COVID bone healing.
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1. Introduction

The COVID-19 pandemic has led to a significant increase
in the number of patients with post-viral complications.
Particular attention is drawn to cases of delayed and
complicated fracture consolidation in patients who have had
the infection and previously had no signs of osteopathy
[1,5,13,15,17,19,26]. Current data indicate a pronounced and
long-term impact of SARS-CoV-2 on the immune system,
including the formation of chronic inflammation and
autoimmune reactions [3,7,11,14,16,18,20]. Immunological
mechanisms play a key role in the regulation of osteogenesis,

and their imbalance can have a direct impact on bone healing.

Identification of immunological markers associated with
delayed consolidation will allow a deeper understanding of
the pathogenesis of these conditions and the formation of
immunologically based approaches to diagnosis and therapy
[2,4,9,21,22]. It is especially important to determine predictors
of complicated course in patients with a high risk of immune
response dysregulation. A comprehensive immunological
assessment can form the basis for a personalized approach
to the management of post-COVID patients with fractures
[5,8,11,23,24]. In this regard, the study of immunological
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markers of delayed consolidation in patients who have had
COVID-19 is a highly relevant area of modern medicine
[6,8,10,25].

Currently, more and more attention is paid to the role
of the humoral component of the immune system in bone
tissue regeneration processes. Immunoglobulins, being key
components of the systemic immune response, are involved
not only in anti-infective protection, but also in the modulation
of inflammation, osteogenesis and angiogenesis. This is
especially important in patients who have had COVID-19,
who are characterized by long-term persistence of immune
and inflammatory disorders, which can affect reparative
processes [9,12].

An imbalance between different classes of immunoglobulins
can reflect the presence of systemic activation of the immune
system, autoimmune shifts, as well as a tendency to chronic
inflammation, which can potentially slow down fracture
consolidation.

Purpose of the study: To determine the characteristics of
changes in the levels of the main classes of immunoglobulins
depending on the form of consolidation of the fracture of
long tubular bones and the severity of COVID-19.

2. Materials and Methods of Research

Based on the above, 126 patients with fractures of long
tubular bones who had COVID-19 in the period 2022-2024
and applied to the Bukhra Regional Multidisciplinary Medical
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Center were examined to identify immunological markers of
impaired bone tissue reparation. Depending on the nature of
the course of the reparative process, all patients were divided
into three groups: Group 1 included 28 patients without signs
of delayed consolidation; Group 2 - 65 patients with delayed
consolidation; Group 3 - 33 patients with delayed consolidation
complicated by inflammatory and / or destructive changes in
the fracture zone. Additionally, all three groups were
stratified by the severity of COVID-19.

According to anamnestic data, 11 patients in group 1 had a
mild form of COVID-19, 11 had a moderate form, and 6 had
a severe form. In group 2, there were 24 patients with a mild
form of the disease, 26 with a moderate form, and 15 with a
severe form. In group 3, 8 patients had a mild form, 15 had a
moderate form, and 10 had a severe form.

Determination of serum immunoglobulins A, G, M, E was
performed using enzyme-linked immunosorbent assay (Xema).

Statistical processing of data was carried out using SPSS
22.0 and Statistica 10.0 programs. Differences were considered
statistically significant at p < 0.05.

3. Study Results

IgA, as a key component of mucosal and systemic immunity,
can participate in the pathogenesis of bone remodeling
disorders by mediating the activation of proinflammatory
cytokines and interacting with receptors of immune cells and
bone tissue cells (in particular osteoclasts) [3,7].

The obtained data demonstrate a clear tendency for the
IgA level to increase depending on the severity of bone
reparation disorders. In the mild form of COVID-19, the
differences between the control group (1.84 = 0.12 g/I) and

insignificant. However, already in the 2nd group (2.02 £ 0.18
g/l), where delayed consolidation without complications was
noted, the IgA level increased by 1.1 times compared to the
control, and in the 3rd group - up to 2.14 + 0.17 ¢/, that is,
almost 1.2 times.

The differences between the groups, depending on the
severity of COVID-19, became even more pronounced. In
the moderate course of the disease, the IgA level in the 2nd
group (2.57 £ 0.21 g/ I) was almost 1.4 times higher than the
control, and in the 3rd group (2.63 £ 0.24 g/ I) - 1.43 times.
The most significant increase was observed in the severe
course of COVID-19: the IgA level in the 2nd group reached
2.61 £ 0.23 g/ 1 (1.42 times higher than the control), and in
the 3rd - 2.78 £ 0.26 g / I (1.5 times higher; p < 0.05) (Fig. 1).

An increase in the IgA level reliably correlates with an
increase in bone tissue reparative disorders after COVID-19.
This may reflect chronic inflammatory activation that persists
after an infection, especially in patients with complicated
delayed consolidation. Given the identified patterns, the IgA
level can be considered as a potential biomarker of the risk of
delayed and complicated consolidation in patients who have
had COVID-19. Its dynamics deserve close study both in the
clinical aspect and from the standpoint of pathophysiological
mechanisms underlying post-COVID regeneration disorders.

Immunoglobulin G, being the main representative of
humoral immunity, forms a long-term immune response and
is able to interact with Fc receptors on immune and bone
cells, including osteoclasts, potentiating bone resorption. It is
also known that excessive or prolonged synthesis of 1gG can
be accompanied by a violation of inflammation regulation,
microvascular changes and tissue trophic disorders, which is
critically important in the phases of bone tissue restoration

the 1st group (1.81 £ 0.15 g/I) were minimal and statistically  [2,6].
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Figure 1. Levels immunoglobulin A in those examined patients (g/1), (P < 0.05)
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Figure 2.

The obtained data demonstrate a natural increase in the
1gG level as the clinical picture worsens, both in terms of the
severity of COVID-19 and the nature of subsequent bone
regeneration. In the mild form of the disease, the differences
between the groups were minimal: in the control group, the
indicator was 11.7 £ 0.84 g /1, inthe 1stgroup-11.5+ 0.71 g/|,
inthe 2nd - 124 + 092 g/, inthe 3rd - 125+ 1.01 g/ I.
Despite a slight increase in the 2nd and 3rd groups (1.06-1.07
times compared to the control), the differences were statistically
insignificant.

More pronounced changes were observed in moderate
COVID-19. In group 1, the IgG level was 11.2 + 0.72 g/l, not
significantly different from the control values. However,
in group 2, 1gG increased to 14.1 + 1.12 g/l, which is almost
1.2 times higher than the control values, and in group 3 it
reached 15.2 + 1.33 g/l, which corresponds to a 1.3-fold
increase. The maximum IgG values were recorded in patients
with severe COVID-19. In group 1, the level was 12.7 + 0.93
g/l slightly exceeding the control. In the 2nd group, it increased
to 15.3 £ 1.22 g/l — 1.3 times higher, and in the 3rd — to
16.3 £ 1.41 g/l, which is 1.4 times higher than the level
of healthy individuals (Fig. 2). As can be seen from the data
obtained, there is a progressive increase in the 1gG level in
patients with impaired consolidation, especially in the presence
of complications and severe COVID-19. These data suggest
that 1gG can act as not only a marker of past infection, but
also a marker of chronic immune activation accompanied
by inflammation, which can negatively affect the processes
of osteogenesis and bone tissue remodeling. The study of the
IgG level in patients with post-COVID bone consolidation
disorders seems justified and important from the point of view
of prognostic assessment of the risk of complicated reparative
processes. The inclusion of this marker in a comprehensive
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examination allows for a deeper understanding of the
pathogenesis of post-COVID conditions and may become
the basis for the development of immunomodulatory
approaches to the treatment of impaired bone regeneration.

Immunoglobulin M is the first class of antibodies that is
synthesized in response to infection. Its elevated levels in the
late period after COVID-19 may reflect not only the residual
antigen load, but also a violation of immune regulation with
the formation of a protracted or dysregulated inflammatory
response. It is known that IgM is able to activate complement
and mediate the production of proinflammatory cytokines,
contributing to increased inflammation in bone tissue, which
can negatively affect the processes of its remodeling and
consolidation [4,9].

The results of the study demonstrate a gradual increase in
IgM levels in patients with impaired bone consolidation,
especially in the presence of complicated course. In mild
cases of COVID-19, the differences between the groups did
not reach statistical significance: the IgM level was 1.23 + 0.09
g/ lin the control group, 1.22 + 0.08 g/ lin group 1, 1.27 £
0.10g/lingroup2and 1.33+ 0.11 g/l in group 3. A slight
increase in group 3 (1.08 times compared to the control) may
reflect the initial signs of immune activation in the context of
impaired bone tissue reparation.

In moderate cases of infection, the differences became
more pronounced: in group 1, the IgM level reached 1.27 +
0.09 g / | (comparable with the control), in group 2 - 1.31
0.11g/1(1.06 times higher), and ingroup 3-1.42+0.13g /|,
which was 1.15 times higher than the values of healthy
individuals. In severe COVID-19, a further increase in indicators
was noted: the IgM level in group 2 was 1.39 + 0.12 g / |,
which is 1.13 times higher than the control, and in group 3 it
reached 1.46 + 0.14 g/ |, exceeding the norm by 1.19 times.
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The differences between groups 1 and 3 in severe cases of
the disease were statistically significant, which may indicate
the role of IgM as one of the early markers of immune
dysfunction in impaired bone reparation. Based on the above,
the most pronounced increase in IgM levels was noted in
patients with delayed consolidation, especially in the presence
of complications, and in moderate and severe forms of
coronavirus infection. This marker reflects the phase of acute

2367

and subacute immune activation, characteristic of the early
humoral response, and its persistent increase may indicate
the presence of a chronic inflammatory process or incomplete
elimination of antigenic stimuli. This marker may be useful
as an additional criterion for risk stratification of delayed
or complicated consolidation and may help identify
patients with prolonged inflammation requiring additional
immunomodulatory or anti-inflammatory treatment.
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Immunoglobulin E is traditionally associated with allergic
reactions and parasitic infections, but its role in post-infectious
and post-inflammatory processes, including reparative
disorders, is increasingly being studied. Increased IgE levels
in patients with delayed and complicated consolidation may
indicate disturbances in the regulation of the immune
response, activation of the Th2 component of immunity, and
a chronic inflammatory process that interferes with normal
osteogenesis [2,4].

The obtained data indicate a progressive increase in the
IgE level as the course of COVID-19 and the degree of bone
consolidation disorders worsen. In the mild form of the
disease, the IgE concentration in the control group was 47.3
+ 3.42 1U/ml. In the 1st group, the indicator was at a similar
level - 47.8 + 3.61 1U/ml, while in the 2nd group it increased
to 55.3 £ 4.11 IU/ml (1.2 times higher than the control), and
in the 3rd - to 67.2 + 4.83 1U/ml (1.42 times higher). Against
the background of moderate COVID-19, the differences
became more pronounced: in the 1st group, the IgE level was
57.6 £ 4.72 1IU/ml (1.2 times higher than the control), in the
2nd - 102.7 £ 6.91 IU/ml (2.17 times higher (p <0.05), and in
the 3rd - 150.1 = 9.42 1U/ml, which was 3.17 times higher
than the control values (p < 0.05). Statistical significance of
the differences was established between the control group
and the 2nd and 3rd groups, as well as between the 1st and
3rd groups (p < 0.05).

The most pronounced activation of the humoral immune
response was observed in patients with severe COVID-19.
In group 1, the IgE level was 80.5 + 5.62 IU/ml (1.7 times
higher than the control), in group 2 - 110.4 + 7.32 IU/ml (2.3
times higher), and in group 3 - 161.4 + 9.82 1U/ml, which was
3.4 times higher than the control values (p < 0.05). Reliable
differences were found between group 3 and all other groups
(p < 0.01), which reflects the pronounced activation of
the Th2 component of the immune response, characteristic of
chronic inflammation and impaired reparation. An increase
in IgE levels indicates the possible involvement of allergy-like
and autoimmune mechanisms in the pathogenesis of delayed
consolidation, especially in the context of post-COVID immune
imbalance. Increased IgE production may be associated with
the persistence of viral antigens, dysregulated cytokines, and
a predominance of the Th2 response, which in turn disrupts
the balance of inflammation and bone tissue regeneration.
Also, the mechanism of such an increase may be associated
with hyperreactivity of the immune system after severe viral
infection, activation of mast cells, and increased production
of cytokines that promote degradation of the intercellular
matrix and inhibition of bone regeneration processes. In
addition, IgE mediates the release of inflammatory mediators
such as histamine, which impair microvascular perfusion and
can contribute to hypoxic changes in bone tissue. IgE is of
interest as a potential marker of an unfavorable course of
post-COVID bone consolidation. Its significant increase in
patients with complicated bone tissue regeneration can serve
as a predictor of persistent inflammation and impaired
osteoremodeling. Given these observations, it is advisable to
include IgE in the diagnostic and prognostic algorithm for

assessing reparative processes in patients after COVID-19,
especially in the risk group for the development of complicated
bone consolidation.

4. Conclusions

Analysis of the humoral component of the immune system
in patients with different variants of post-COVID bone
reparation revealed significant changes in the levels of all
studied immunoglobulins - 1gA, 19G, IgM and IgE. The IgA
level demonstrated a progressive increase as the clinical picture
worsened, especially in groups with delayed consolidation
and complications, which may indicate chronic activation of
the immune system. IgG reflected the accumulated adaptive
immune response and also increased in the presence of
reparation disorders, especially in severe cases of COVID-19.
IgM concentrations indicated the persistence of inflammatory
activity, especially pronounced in patients with severe forms
of the disease and concomitant regeneration disorders. The
most significant differences were found in IgE, the level of
which was many times higher than the control values in
patients with severe infection and complicated consolidation,
indicating a possible role of allergic-like or autoimmune
reactions in the pathogenesis of impaired bone regeneration.
The data obtained emphasize the importance of comprehensive
immunological monitoring in patients who have had
COVID-19 for timely assessment of the risks of delayed
bone tissue restoration.
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