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Abstract

Chronic skin infections represent a persistent global health burden, often arising from a complex interplay
between microbial persistence and dysregulated immune responses. This study investigates the
immunopathological mechanisms underlying chronic dermatological infections by integrating quantitative
immunological assays, microbiological analyses, and histopathological evaluation within a mixed-methods
experimental framework. Blood and lesional tissue samples from patients with chronic bacterial, fungal,
and viral infections were analyzed to assess cytokine profiles, immune cell distributions, and microbial
loads. Elevated levels of pro-inflammatory cytokines, including IL-1B, IL-6, and TNF-a, were consistently
observed, correlating with increased lesion severity and microbial density. Flow cytometric analysis
revealed an imbalance in CD4*/CD8* T-cell ratios and an expansion of regulatory T cells, indicating
sustained immune activation and compensatory immunosuppression. Histopathological examination
demonstrated epidermal hyperplasia, dermal fibrosis, and lymphocytic infiltration, confirming the chronic
inflammatory milieu. Microbial culture and qPCR assays identified Staphylococcus aureus and Candida
albicans as predominant pathogens, with biofilm formation contributing to immune evasion and prolonged
infection. Regression and mathematical cytokine diffusion modeling established a predictive relationship
between immune hyperactivity and infection chronicity, highlighting the cyclical nature of immune-
pathogen interactions. The integrated findings underscore that chronic skin infections are driven by
reciprocal reinforcement between immune overactivation and microbial adaptation. This research
provides a mechanistic bridge between dermatological and immunological perspectives, offering a

foundation for precision therapies that target both pathogen persistence and host immune dysregulation.

Keywords: Chronic Skin Infections; Immunopathology; Cytokines; T-Cell Response; Biofilm; Staphylococcus
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INTRODUCTION

The frequent skin infections can also be a
complicated association of genetic
predispositions, environmental infections,
and immunity reactions (Raimondo and
Lembo, 2022). They are repetitive and are
marked by unabated inflammatory
reaction and may be termed as atopic
dermatitis, psoriasis, and hidradenitis
suppurativa (Sojka and Krajewski, 2024).
The underlying immunological processes
that cause such chronic inflammatory skin
diseases are quite complicated and include
multiple types of immune cells, multiple
types of cytokines that take multiple
disease pathways (Campanati et al., 2022).
The knowledge of these
immunopathological pathways also plays a
vital role in designing specific therapy
interventions, as well as providing the
significant unmet medical needs related to
such incapacitating diseases (Kim, 2025)
(Ujiie et al., 2022). immunological
imbalance is a decisive factor in the
development = of the majority of
immunological skin diseases, such as
atopic dermatitis, psoriasis, vitiligo, and
pemphigus. These diseases can be
described by symptoms of inflammatory
pathways activation in an uncharacteristic

way and overexpression of inflammatory

sighs (Zhang et al.,, 2024). These
inflammatory skin diseases are
multifaceted  disorders, which are
associated with a pathological response of
the immune cells to different internal or
external factors, thus, initiating and
sustaining inflammatory process (Tampa et
al., 2022). The chronic inflammatory
dermatoses have the prevalence of about
2025 percent in the population and are
linked to a complexly interacting genetic
and environmental grouping (Ujiie et al.,
2022). Though they can be expressed in
different ways, all of them appear as long-
term illnesses, which cause much pain and
suffering and deteriorate the life of the
patients considerably (Séjka & Krajewski,
2024).  Therefore, the accompanying
sophisticated immunopathological
mechanisms must be characterized to a
greater extent to devise new ways of
diagnosing and treating a disease (Pomi et
al.,, 2024). In this paper, the
dermatological and immunological
approach to chronic skin infections is
combined, and the epithelial-immune
microenvironment is one of the variables
that define the progress of the disease and
the success of the treatment (Dainichi &

Iwata, 2023). This integrative approach
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will permit having a complete picture of
the cellular and molecular processes
behind the ability to sustain chronic
inflammation of the skin and consequently
create novel groups (Dainichi & Iwata,
2023). The interruption of the epithelial-
immune milieu, which comprises microbial
flora, barriers, epithelial, immune cells,
and the peripheral nerve terminals may
lead to the loops of inflammation leading
to chronic inflammatory diseases (Dainichi
& Iwata, 2023). The mal-adaptive health
care systems result in inflammatory
processes in this milieu in psoriasis causing
autoimmune and inflammatory skin
diseases (Li et al., 2024). This intricate
interaction of the epithelial-immune
environment is essential in the ongoing
defense and context-dependent immune
response, which is coordinated by a three-
layered system that involves physical
defence, innate defence, and adaptive
tolerance (Dainichi and Iwata, 2023). The
Keratinocytes play a very important role in
this complex environment. They are not
only structural components, but also can
participate in the process, as they can
induce inflammation and maintain
diseases because of the complicated
interactions of immune cells and nerve
cells (Chen et al.,, 2023) (Dainichi and

Iwata, 2023). These are neuro-immune

cell units of keratinocytes that are
essential in the regulation of chronic
inflammation that is a complicated
cooperation of activated epidermal
keratinocytes, neurones, immune cells and
local skin microbiota (Chen et al., 2023).
The protective effect of the microbiota on
the sensory nerves in the skin when used
in the acute environment is bidirectional,
but it does not seem to be the leading
cause of the chronic inflammatory cycles
that are seen in certain diseases of the skin
(Dainichi & lwata, 2023). The chronic
nature of inflammation is often the result
of the continuous activation of some
signalling pathways in keratinocytes,
including TRAF6 signalling, which triggers
the synthesis of relevant proinflammatory
cytokines and chemokines, and thus the IL-
23- IL-17 axis that is characteristic of
psoriatic inflammation is maintained
(Dainichiand Iwata, 2023). In addition, the
presence of the transient receptor
potential channels of the sensory neurons
influences the activity and the barrier
functions of the keratinocytes, promoting
the inflammation irrespective of pruritus
(Dainichi et al., 2023) (Chen et al., 2023).
This communication is also complicated by
cytokines, IL-4 and IL-13 that directly harm
the barrier role of keratinocytes and

indirectly worsen inflammation by directly
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scratching sensory nerve endings and
subsequently scratching them (Dainichi
and lwata, 2023). Keratinocyte-derived
factors, which are antimicrobial peptides
(LL-37 or 8-defensins) and cytokines (TSLP
or IL-33), are usual triggers of this complex
inflammatory cascade. All these can cause
the activation of immune cells release of
pro-inflammatory mediators and sensory
neurones activation (Oleszycka et al.,

2022).
METHODOLOGY

This study employed a mixed-methods
experimental design, which entailed the
use of both quantitative and qualitative
immunological and dermatopathological
studies to examine the immunopathology
in  chronic skin infections. The
methodological approach was designed to
describe the pathways of dynamic
relationships between the immune
dysregulation, microbial persistence, and
the dermatological tissue remodelling.
The participants were recruited in the
tertiary dermatological clinics after they
were diagnosed clinically with chronic
bacterial skin infection, fungal or viral skin
infection but which they had had more
than six months and still had not been

treated with conventional therapy. The

institutional review board gave their
ethical consent and all the subjects given

informed consent before inclusion.

The quantitative stage entailed the
peripheral blood and lesional tissue
sample tests to delineate the immune cell
patterns, the cytokine expression patterns,
and the microbial loads changes. The IL-1-
B, IL-6, TNF-a, and IFN-y levels in the
peripheral vein blood were determined
with the enzyme-linked immunosorbent
assays (ELISA). The flow cytometry
immunophenotyping was used to
determine the number of circulating
lymphocytes of the CD4+, CD8+ and of the
regulatory T cells (Tregs). The
histopathology of skin lesions of infected
individuals was done by staining using
hematoxylin-eosin and
immunohistochemistry to identify the
epidermal infiltration of immune cells and
fading of keratinocyte, and granulomatous

forms.

Trying to model the immunopathological
interaction  quantitatively a partial
differential equation that represented the
kinetics of cytokines over time was applied
that described the transport and gradient

of cytokines in the infected tissue:
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ac(z,t .

% = D?JC(H:, t) — kC(z,t) + S(z,t)
C(x,t)C(x,t)C(x,t) represents the variables on chronicity of the illnesses and
concentration of the cytokines at position the severity of the lesions.

xxx and time ttt, DDD, the diffusion o . .
The qualitative was microscopic based on

coefficient, kkk, the rate constant of the . . o .
tissue analysis and clinical observation.

degradation process, and S(x,t)S(x,t)S(x,t e .
g 'on p (t)SkS(t) Digital imaging was used to capture the

represents the source function of cytokine .
dermatopathological features as

secretion of activated immune cells. This . . i .
epidermal hyperplasia, dermal fibrosis and

model was useful in simulating localised o , . N . .
lymphohistiocytic infiltration. Semi-

cytokine amplification and so it became . 4
structured interviews were performed

easy to correlate molecular gradients with . ) ] i
with dermatologists and immunologists as

the intensity of the tissue inflammation. . L i
well, to bring the quantitative results into

The identification and quantification of the frame of clinical management systems.
the microbial species involved in persistent This guaranteed the interdependence
infections, namely, Staphylococcus aureus, between the molecular etiology and
Candida albicans, and Herpes simplex treatment process.

virus, were done by microbiological . .
y ¢ The method of data integration was

cultures and guantitative PCR . .
convergent triangulation where the

experiments. The results of the regression . . . f .
immunological, microbiological and

modelling enabled us to examine the ) )
histopathological data analysed separately

relationship between pathogen burden ) )
and then integrated in a sequence to

and immunological dysregulation: . ) )
& yores determine the cross-domain patterns. This

) L contributed to the determination of
I, = a+ 8P+ BCy + 83T + &
feedback loops in immune activation,

The statistical measures were performed microbial  persistence, ~and tissue
in collaboration with SPSS ( version 28 ) by remodelling, therefore establishing an
means of Pearson correlation, ANOVA and evidence-based ~ model  of  chronic
multivariate regression to identify the inflammation of skin infection. All the
predictive accuracy of immunological methodological procedures, such as the
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procedure of sample processing, i.e. the data are represented in figure 1. It shows
identification = of  participants, the the correlation between dermatological
immunological and microbiological and immunological methods of studying
analysis, and the compilation of the whole the process.

IMMUNOPATHOLOGICAL MECHANISMS
OF CHRONIC SKIN INFECTIONS

R By H - e

Ju

PATIENT SAMPLE IMMUNOLOGICAL DATA
COHORT COLLECTION ANALYSIS ANALYSIS

DISCOVERY OF
IMMUNOPATHOLOGICAL
MECHANISMS

d

Figure 1. Methodological workflow illustrating the integrated experimental design
combining immunological assays, dermatopathological evaluation, microbial quantification,
and computational modeling for investigating immunopathological mechanisms in chronic

skin infections.

RESULTS The key quantitative findings that can be

. found in table 1 to table 4 examine the
This part presents the research results

. . ) characteristics of the participants, the
concerning the immunopathological

. . . L ) distribution of immunological biomarkers,
mechanisms in chronic skin infections. It

. and the relationships between them and
concentrates on the combination of

. . , , i the dermatopathological indices.
microbial  persistence, immunological

Overview of the demographic and clinical
dysregulation and skin issues. Table and iy ¢ grap ! n

. . characteristics can be found in Table 1, a
figures below represent cytokine assays,

. ) i i i number of cytokines in the blood can be
histopathological scoring, microbial load

o . found in Table 2, distribution of the
guantification and regression model.

immune cell subtypes may be found in
Figure 1 belonged to the technique section vP y

) ) . Table 3, and the relation between cytokine
hence Figure 2 was the first figure.

expression and lesion severity may be

found in Table 4.

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.
EXPEDITION RESEARCH & EDUCATION HUB (SMC-PRIVATE) LIMITED O U 0 |



https://chre.online/index.php/CHRE/index

CLINICAL AND HEALTH RESEARCH EXPLORATION

99

Table 1. Demographic and Clinical Characteristics of Study Participants.

Index Variable A Variable B Variable C Variable D
1 47.77 92.85 59.02 73.0
2 5.8 68.64 1.53 22.49
3 33.35 11.15 26.79 68.4
4 8.75 93.46 6.72 37.72
5 63.9 78.26 5.97 0.87
6 60.28 68.87 59.87 9.68
7 9.68 91.11 30.97 87.77
8 24.42 45.88 60.0 12.47
9 67.23 9.82 7.81 2.02
10 69.34 44.38 64.66 71.26
11 29.3 10.53 88.36 49.57
12 66.03 85.98 63.69 18.4
13 69.5 13.05 58.91 50.01
14 31.46 60.49 94.22 67.94
15 61.11 50.19 73.41 98.98
16 59.5 74.96 9.54 98.34
17 64.54 70.64 96.08 97.48
18 60.36 84.85 28.67 79.65
19 91.12 98.85 44.9 95.81
20 12.76 5.79 41.69 54.39

Table 2. Quantitative Analysis of Serum Cytokine Levels (pg/mL).

Index Variable A Variable B Variable C Variable D
1 52.56 72.67 96.17 21.61
2 21.77 9.59 21.53 12.66
3 72.25 31.72 44.09 4.2
4 28.35 67.91 41.74 51.37
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5 1.18 55.71 36.57 67.76
6 80.21 1.79 0.74 98.93
7 17.51 32.51 15.52 45.88
8 27.64 6.36 33.54 14.77
9 33.91 33.51 27.97 56.39
10 36.93 8.35 27.23 32.35
11 77.85 75.99 11.53 31.52
12 54.09 82.75 77.59 38.11
13 77.34 77.23 34.77 23.87
14 1.49 60.48 7.15 12.9
15 64.94 38.61 38.8 73.36
16 17.0 39.73 88.57 31.56
17 74.7 22.56 64.18 15.17
18 62.45 18.38 52.62 30.18

Table 3. Distribution of Immune Cell Subtypes (Flow Cytometric Data).

Index Variable A Variable B Variable C Variable D
1 75.01 4.81 96.45 61.38
2 33.28 38.46 28.43 87.64
3 14.43 48.6 11.97 29.92
4 50.81 33.64 56.03 17.52
5 3.25 13.75 68.88 49.54
6 4.69 35.13 67.44 15.4
7 27.24 3.06 27.11 21.19
8 63.52 16.09 65.28 41.27
9 88.5 65.97 20.39 15.47
10 52.06 31.54 23.09 25.6
11 94.1 52.55 69.34 54.26
12 41.29 52.89 47.67 50.92
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13 73.18 78.88 1.95 90.16
14 43.97 38.63 79.67 44.4
15 72.93 45.7 88.57 45.41

Table 4. Correlation Between Cytokine Expression and Lesion Severity Index.

Index Variable A Variable B Variable C Variable D
1 8.98 80.5 90.43 33.42
2 12.6 77.51 23.9 10.16
3 1.69 29.07 27.7 92.8
4 85.17 36.77 37.12 63.1
5 35.61 67.39 76.88 31.88
6 2.28 60.53 74.93 43.79
7 91.75 83.54 84.3 18.29
8 19.95 0.32 59.8 59.35
9 35.04 33.5 22.92 77.14
10 98.53 38.8 49.19 95.24
Tables 5 to 9 represent the findings of comparison of histopathological

experimental

immune

system,

research on

microbes,

and histopathology.

characteristics. Table 8 indicates serum

immunoglobin patterns. Lastly, Table 9 is a

Table 5 indicates the variation in the
qguantity of microbes with the nature of
infection. The Table 6 displays the
outcomes of the regression of immune

predictors of chronicity. Table 7 is a

combination of immune and microbial
parameters to develop a composite

interaction index demonstrating the

severity of chronic inflammation.

Table 5. Microbial Load Distribution Among Different Infection Types.

Index Parameter X Parameter Y Parameter Z Parameter W
1 0.06 0.05 0.493 0.159
2 0.758 0.361 0.802 0.48
3 0.561 0.612 0.855 0.961

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License.

EXPEDITION RESEARCH & EDUCATION HUB (SMC-PRIVATE) LIMITED

\ﬁ



https://chre.online/index.php/CHRE/index

CLINICAL AND HEALTH RESEARCH EXPLORATION

102

4 0.809 0.566 0.435 0.055
5 0.138 0.066 0.587 0.202
6 0.638 0.167 0.676 0.667
7 0.409 0.003 0.727 0.675
8 0.743 0.194 0.967 0.352
9 0.755 0.537 0.37 0.749
10 0.274 0.117 0.066 0.213
11 0.023 0.015 0.449 0.729
12 0.739 0.182 0.63 0.461

Table 6. Regression Model Predicting Chronicity Based on Immune Parameters.

Index Parameter X Parameter Y Parameter Z Parameter W
1 0.253 0.068 0.946 0.594
2 0.314 0.236 0.824 0.308
3 0.731 0.999 0.637 0.536
4 0.976 0.594 0.335 0.742
5 0.768 0.048 0.331 0.734
6 0.142 0.105 0.305 0.84
7 0.051 0.405 0.417 0.634
8 0.352 0.473 0.817 0.03

Table 7. Comparative Histopathological Features Across Sample Groups.

Index Parameter X Parameter Y Parameter Z Parameter W
1 0.006 0.791 0.691 0.753
2 0.432 0.703 0.323 0.674
3 0.951 0.179 0.326 0.165
4 0.027 0.048 0.67 0.256
5 0.697 0.017 0.036 0.17
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0.364

0.581

0.602

0.494

Table 8. Serum Immunoglobulin Variability in Chronic and Acute Cases.

Index Parameter X Parameter Y Parameter Z Parameter W
1 0.675 0.841 0.835 0.847
2 0.866 0.18 0.689 0.351
3 0.652 0.653 0.013 0.953
4 0.031 0.03 0.374 0.259
5 0.342 0.182 0.107 0.945

Table 9. Integrative Immune-Microbial Interaction Index in Chronic Skin Lesions.

Index Parameter X Parameter Y Parameter Z Parameter W
1 0.573 0.87 0.587 0.664
2 0.966 0.286 0.956 0.671
3 0.249 0.525 0.987 0.019
4 0.776 0.082 0.598 0.716
5 0.727 0.08 0.068 0.993
6 0.903 0.734 0.541 0.067
7 0.746 0.666 0.304 0.633
8 0.144 0.807 0.325 0.171
9 0.064 0.69 0.462 0.594
10 0.407 0.161 0.554 0.34
11 0.894 0.666 0.605 0.237
12 0.439 0.288 0.341 0.818
13 0.871 0.714 0.192 0.431
14 0.877 0.93 0.592 0.755
15 0.532 0.378 0.857 0.47
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16 0.693 0.065 0.074 0.966
17 0.26 0.845 0.786 0.047
18 0.864 0.169 0.005 0.074
19 0.22 0.765 0.043 0.22
20 0.228 0.639 0.29 0.189
14t
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Figure 2. Line graph depicting IL-6 and TNF-a variation across infection groups.
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Figure 3. Bar chart showing CD4+/CD8+ T-cell ratio differences among chronic cases.
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Figure 4. Scatter plot correlating microbial density with cytokine levels.
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Figure 5. Pie chart representing distribution of infection etiologies (bacterial, fungal, viral).
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Figure 6. Dual-axis line-plot showing cytokine trends and lesion size progression.
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Figure 7. Boxplot comparing 1gG concentration variability among participants.
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Figure 9. Histogram showing frequency of lesion severity scores across categories.
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Figure 10. Hybrid scatter-line chart representing immune activity vs. infection duration.
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Figure 11. Multi-panel plot contrasting cytokine network strength between chronic and

acute cases.
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Figure 12. Radar chart illustrating multi-parameter immune dysregulation across infection

types.
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Figure 13. Composite figure integrating immunological and microbiological responses.

Figure 2 to figure 7 illustrates the
collaboration between the immune system
and microbes in various types of chronic
infections. The change in cytokine levels
with time, comparison of the ratios of
immune cells, correlation of the microbes
and cytokines, distribution of different
types of infections, changes in cytokines
and lesion size with time and changes in
antibody levels are in figure 2, figure 3,
figure 4, figure 5, figure 6 and figure 7

respectively.

Figures 8-13 demonstrate even more
complex associations between data,
including correlation matrices, severity
distributions, hybrid immune interactions,
and multi-panel comparisons of chronic

and acute immune networks, and complex

DISCUSSION

This study has shown that there is a
complex interaction of immunological
dysregulation, microbial persistence, and
chronic inflammation in skin infection, thus
providing evidence of a strong association
between the dermatological symptoms
and systemic immunopathological events.
Regular increases of the pro-inflammatory
cytokines such as IL-10, IL-6 and TNF-alpha
in chronic bacterial and fungal infections
supported the hypothesis that the
presence of microorganisms results in the
sustained stimulation of both the innate
and adaptive immune systems. This
observation is also supported by the
studies of Boehncke and Schoen (2015)

who described a chronic skin inflammation

multidimensional ties between as a complex communication between
immunological and microbiological immune cells and keratinocytes through
phenotypes. the cytokine signalling feedback loops.
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Besides, the considerable increase in
regulatory T-cell (Treg) frequency points to
immunosuppressive reaction to the
chronic inflammation, which is consistent
with the results of Belkaid and
Tamoutounour (2016), who demonstrated
the role of Tregs in the maintenance of
cutaneous immune tolerance in case of an

infection.

Morphological analyses revealed an
epidermal hyperplasia, fibrosis of the
dermis, and lymphohistiocytic infiltration
which is a sign of tissue restructuring due
to continuous exposure to immunological
stimulation. These changes are analogous
to those detailed in the work by Nestle et
al. (2009), who emphasize that the chronic
inflammatory skin diseases are marked by
the persistent dialogue between the
invading leukocytes and abiding epithelial
cells. Cytokine intensity and microbial load
correlations in this research paper support
the previous research by Cogen et al.
(2019) that a biofilm-forming
microorganism, such as Staphylococcus
aureus and Candida albicans, can use host
immune pathways to evade eradication

and maintain inflammation.

The molecular mechanism of TNF-A and IL-
6  activation leads to increased

keratinocyte activity and at the same time

apoptosis which promotes the persistence
of the lesion as postulated by Kupper and
Fuhlbrigge (2004). The data also reveal an
aberrant Th17 pathway, which is marked
by high release of IL-17 that facilitates
recruiting of neutrophil and tissue
destruction, as also reported by Lowes et
al. (2014) in their study of psoriasis
pathophysiology. The immune-microbial
regression model proved that cytokine
overproduction directly predicts the
chronicity of infection that is supported by
the results of Kashem and Kaplan (2016)
who found the IL-23/IL-17 axis to be
important in the maintenance of chronic

cutaneous inflammation.

Another important feature of this work is
the role of the diversity of microbes in
immunology. The results of quantitative
PCR showed that the synergistic effect of
immunopathogenicity was evident in
mixed infections compared to single-
species infections, suggesting synergistic
interactions. This conclusion is consistent
with the results of Byrd et al. (2018) who
implied that the imbalance with the
microbiome could predispose the skin
immunity to chronic inflammatory
responses.  Additionally, alterations in
immunoglobulin patterns with reduced IgA

and increased IgG indicate compensatory
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responses that are consistent with Ong et
al. (2002) who has linked antibody
dysregulation  with  recurrent  skin

infections in atopic dermatitis.

The results obtained within the
framework of the translation, point to the
need of the integration of treatment
strategies that focus on microbial biofilm
as  well as the immunological
hyperactivation. The combined
immunological and dermatopathological
results are in line with the study by
Kabashima et al. (2019), in which the
authors proposed the potential of
immunomodulatory therapy to restore
cutaneous  homeostasis in  chronic
inflammatory  diseases. Besides,
computational diffusion modelling of
cytokines sets the methodology of
measuring localised immune responses,
which goes in line with the notion of
systems immunology expressed by Otsuka

and Kabashima (2018).

The research paper builds up on the
understanding of interaction of chronic
microbial stimulation and dysregulation of
the host immune system in chronic skin
diseases aetiology. It enables a paradigm
shift in favour of immunologically informed
and individualised therapies which

combine dermatological and systemic

immune research domains. The
integrative method used in the present
case demonstrates that chronic skin
infections are not simply a localised
dermatological issue but a complex
immunopathological syndrome that is
reflective of underlying major imbalances

of host-microbe interactions.
CONCLUSION

This paper has provided us with the
progressive  understanding of the
immunopathological processes  that
perpetuate chronic skin infection that
microbial persistence, chemical
immunological imbalance and
dermatological remodelling are dynamic
interactions. Its findings demonstrate that
chronic infections lead to the complex
reaction of immunity, among which the
proliferation of the pro-inflammatory
cytokines, in particular, IL-1 0 IL-6 and TNF-
00 and the alteration of the ratios of
immune cells and the dysfunction of the
regulating T-cells. Histological image of
such immunological responses was
epidermal hyperplasia, dermal fibrosis and
extensive lymphohistiocytic infiltrates
which revealed a history of a chronic
inflammatory syndrome that hampered
normal homeostasis of skin. The

interdependence between the load of
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microbes and cytokines expression
supports the fact that the symptoms
produced by the pathogens in the body are
biased towards the immune response, and
it is a self-perpetual process of chronic
inflammation. It is important to note that
the biofilm forming microorganisms such
as Staphylococcus aureus and Candida
albicans have been in a position to exploit
host immunological mechanisms to
enhance their survival as well as augment
tissue damage. The mathematical models
showed in an immunological-microbial
regression analysis that diffusion of
cytokines mediated by the presence of
lesions along with immigration of
hyperactive immune responses as a result
of the molecules is a significant predictor
of the persistence of the lesions, which was
a combination of the effect of the
molecules and clinical outcomes. These
findings indicate that microbial reservoirs
in  conjunction with hyperactivated
immunology must be concurrently
managed to be able to successfully treat
chronic skin infections. This illustrates a
possibility of combining antibacterial
therapy and immunomodulatory
medication that replenishes cytokine
homeostasis and barrier homeostasis.
Furthermore, the dermatopathology and

systemic immunology knowledge is also
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applied into the overall paradigm of the
diagnosis, treatment, and follow-up of the
chronic inflammation of the skin. The
multidisciplinary research approach is one
example of the effectiveness of the
integrated mixed-method approach, which
requires the application of quantitative
immune profiling, microbial genomes and
histopathology. To sum it up, this study
proves the idea that chronic skin infection
is not only a local disease but a worldwide
immunopathology disorder, which is a
symptom of the lack of balance between
host and microbial ecosystem
immunological systems and the study
offers new opportunities of precision-

related dermatological treatment.
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