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FEATURES OF THE CYTOKINE TYPE OF REGULATION OF THE IMMUNE RESPONSE
IN PATIENTS WITH ERYSIPELAS

e-mail: zmapo32@gmail.com

The study of the problems of changes in the cytokine status in erysipelas shows the absence in the studies of other authors
of a precise distribution into the forms and types of the course of the disease. This makes it impossible to determine the cytokine
type of immune response for the appointment of an individual pathogenetically substantiated treatment. We analyzed the state of
the granulocytic link of the phagocytic system, cytokine status, types of immune response, taking into account the form
(erythematous, bullous, phlegmonous-necrotic) and the type of course of erysipelas (primary and recurrent, which are complicated
by sepsis). Incomplete phagocytosis against the background of a deficit in the functional and metabolic reserve of neutrophils is
observed in groups with sepsis and in the recurrent course of the phlegmonous-necrotic form. Changes in immune response
regulation from Th2-type (erythematous form) to Th1-type (sepsis) were revealed in primary erysipelas and all recurrent erysipelas.
Bullous and phlegmonous-necrotic forms of primary erysipelas are characterized by an immune response of the Th1/Th2 type
(with the predominance of the Th1 type). The revealed changes indicate a sharply increasing bacterial load and the severity of the
disease. Determining the types of the regulation characteristic of patients with various forms and courses of the disease indicates
the need for an individual approach to treatment and the mandatory prescription of drugs with an immunomodulatory effect.

Key words: erysipelas, microbial landscape, cytokines, phagocytosis, functional and metabolic status of neutrophils.
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OCOBJHUBOCTI IUTOKIHOBOI'O TUITY PETYJIAIIT IMYHHOI BIJTIOBIII
Y HAIUIEHTIB 3 POKUCTHUM 3AITAJIEHHAM

BuBuenns mnpoGnemaTHkn 3MiH LUTOKIHOBOTO CTaTycy HpH OEMIMXOBOMY 3allaleHHI IIOKa3ye BIJICYTHICTH B
JIOCII/DKEHHSX 1HIIMX aBTOPIB YITKOTO PO3MOAITY Ha (OPMH 1 THIH Iepediry 3aXBOPIOBAHHS, [0 YHEMOXKIIMBIIIOE BU3HAUCHHS
IUTOKIHOBOTO THITY IMyHHOI BIANOBIAI JJIS IPU3HAYEHHS IHIUBIyaJbHOIO NaTOT€HETHYHO OOrpyHTOBAaHHOTO JIikyBaHHS. Hamu
[POAHAaJTi30BaHO CTaH T'PAaHYJIOLUTApHOI JIaHKK (aronuTapHol CHUCTEMH, LUTOKIHOBHIl cTaTryc, TUNM IMyHHOI BiJmoBiIi 3
ypaxyBaHHsAM ¢(opmu (epuremaros3Ha, OyiibO3HA, (IIETMAHO3HO-HEKPOTHYHA) Ta THUIly Iepebiry OemmMXOBOro 3allaleHHs
(IepBUHHMM Ta PENUAMBYIOUMM, IO yCKIamHeHi cencucoMm). HesaBepmienuii daromnTo3 Ha Tii nedimury (yHKIIOHAIBHO-
MeTabOoJIIYHOTO pe3epBy HEUTPOQINIB CHOCTEPIraeThCs B IPyHax 3 CEHCUCOM Ta MPHU PELUIUBHOMY Mepediry ¢iermMano3Ho-
HekpoTH4HOI (opMu. Bussiena 3miHa TumiB peryssinii iMyHHoI Binmosini Bix Th2-tumy (epuremaros3na ¢opma) no Thl-tumy
(cercuc) mpw IepBUHHIN Oemuxi Ta BCix Gopmax pernuauByodoi oemmxu. Bynpo3Hiit Ta (rerMoHO3HO-HEKpOTHUHIN Gopmam
nepBUHHOT Oernxu xapakrepHa iMmyHHa BinmoBias Th1/Th2-tuny (3 nepeBaxanusim Thl-tumy). Bussneni 3miHu Bka3yroTh Ha
pi3ko HapocTaroue GakTepianbHe HaBaHTAKEHHS Ta TSHKKICTD Nepebiry 3aXxBopIoBaHHS. BH3HaueHHs THIIIB peryJsil, sKi BIacTHBI
NanieHTaM 3 pizHOI0 GopMOIO Ta mepediroM 3axBOPIOBAHHS, BKa3ye Ha HEOOXITHICTh IHAMBIAYaTbHOTO MIAXOMY 10 JIKyBaHHS Ta
000B'sI3K0BOT0 MPHU3HAYCHHS MPENapaTiB 3 IMyHOMO/IYJTIOI0UOI0 TI€F0.

KnrouoBi cioBa: Oemmxa, MikpoOHMII nei3ak, IUTOKIHH, (haromuro3, (GyHKIIOHAIbHO-META0OJIIUYHHI CTaTyC
HEeHTpoQiIiB.

The study is a fragment of the research project “Sepsis in patients with surgical forms of erysipelas”, state registration
No. 0121U110228.

The relevance of studying erysipelas is due to a high level of morbidity without a tendency to
decrease. It occupies an important place in the structure of both temporary disability and disability [5, 9].
Despite many studies, there is still a need for further study of the pathogenesis of the disease. The
pathogenetic processes in the skin are controlled by a complex of immune reactions [1], and the reparative
generation of the skin directly depends on the functional state of the immune system [10].

Features of the immune response in erysipelas are caused by microbial associations, which are
formed as a result of skin dysbiosis, which occurs when its barrier function is disrupted and local immunity
is suppressed by pathogenic microorganisms [13]. So, along with gram-negative ones, fungi and aerobes,
the leading role belongs to gram-positive flora (streptococci), the result of which is aimed at excessive
production of cytokines by T-lymphocytes and neutrophils, the induction of which is a protective or
pathological mechanism, i.e., a direct response to the presence of microorganisms [3, 9].

A distinctive feature of the pathogens of this pathological condition is their high level of tolerance
to phagocytes, which has an important effect on the course of the disease [5].

Cytokines are a system that forms and regulates the whole complex of pathophysiological changes,
determines the effectiveness of the immune response and the course of the inflammatory response in the
body [14], while the choice of an immune system of a particular method of protection (Th;, Th, type)
depends on the type of antigen and its anti-effect of phagocytosis [7].
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It should be noted that when assessing the immune status, conventional criteria are traditionally
used, without taking into account the state of the phagocytosis system in the formation of nonspecific
resistance of the organism.

Many studies in the literature [2, 8, 11, 14] are devoted to determining the cytokine status in patients
with erysipelas. However, studies were conducted on a small number of patients; almost all the groups
studied were mixed, i.e. without dividing as forms of erysipelas, both inflammation and the course of the
disease (primary and recurrent). This complicates understanding the features of cytokine regulation
inherent in a particular group. In our opinion, insufficient attention was paid to studying the state of the
phagocytic system and its influence on the course of the disease.

Significant variability of the results presented in the literature sources available for study [2, 8, 11,
12] does not allow revealing significant differences between the norm and pathology, as well as determine
the type of immune response (Thi, Thy- type), the significance of which in the pathogenesis of the disease
study is insufficiently analyzed.

The purpose of the study was to establish features of the cytokine type of regulation of the immune
response in patients with erysipelas.

Materials and methods. We examined 46 donors and 109 patients with erysipelas who were
hospitalized in the purulent-septic center of the city hospital No. 3 in Zaporizhia. The age of the patients
was 4562 years.

The inclusion criterion in the study was erysipelas: erythematous, bullous, phlegmonous-necrotic
forms; primary and recurrent course; with localization in the face, upper and lower extremities. Exclusion
criteria from this study: recurrent and postpartum forms of erysipelas, type 1 and 2 diabetes mellitus, acute
and chronic viral infections, intestinal infections, pneumonia, acute cardiovascular diseases, pregnancy.
The diagnosis was verified based on clinical and anamnestic data according to the classification of
V.L. Cherkasov (1986).

The control group comprised 46 practically healthy donors without acute and chronic infectious
and autoimmune diseases and allergic reactions. The groups were comparable in terms of gender and age.
All examined were born and live in the Zaporizhzhia region and gave an informative written agreement to
participate in the study, which was approved by the bioethics committee of the state institution
“Zaporizhzhia Medical Academy of postgraduate education of the Ministry of Health of Ukraine”. The
study was carried out according to the ethical, moral, and legal requirements of the Ministry of Health of
Ukraine No. 281, dated November 1, 2000.

The studied patients were divided into groups.

— Group 1 — donors (conditionally healthy contingent) in the amount of 46 people.

— Group 2 — comparison group (patients with an erythematous form of erysipelas) in the amount
of 24 people.

— Group 3 — 68 patients with primary erysipelas, which were divided into subgroups, depending on
the form of the disease:

— Subgroup 3a — patients with a boolean form of erysipelas in the number of 20 people.

— Subgroup 3b — patients with a phlegmonous-necrotic form of erysipelas in the amount of 40
people.

— Subgroup 3c — patients with erysipelas complicated by sepsis in the amount of 8 people.

— Group 4 — 17 patients with recurrent erysipelas, who were divided into groups:

— Subgroup 4a — patients with a phlegmonous-necrotic form of erysipelas in the amount of 12
people.

— Subgroup 4b — patients with erysipelas complicated by sepsis in the amount of 5 people.

Patients with the bullous form of recurrent erysipelas were not studied because such patients are
extra sporadic.

A bacteriological examination of the wound discharge of purulent-necrotic foci was carried out on
an automated apparatus, “Vitek-2” (France).

To study the cellular factors of innate resistance, the phagocytic activity of neutrophils in the blood
was determined. According to N.T. Frimel, the study is based on a method for determining their absorption
and digestion capacity with a microbial test culture after joint preincubation.

Oxygen-dependent metabolism of neutrophils (nitroblue tetrazolium test, spontaneous, NBTsp)
and functional reserve of cells (nitroblue tetrazolium test stimulated, NBTst) were determined by M. Ye.
Viksman, A. N. Mayansky.

The content of pro-inflammatory and anti-inflammatory interleukins (IL): IL-1f, IL-2, IL-6, IL-10,
and TNF-a was determined by enzyme immunoassay. The cytokine status was studied using appropriate
monoclonal antibody sets of Vector-Best Test systems (Russia) on the Tecan-Sunrise ISA analyzer (Austria).
The studies were carried out in the laboratories of the Department of CLD and ED of the “ZMAPO MOH of
Ukraine” (certificate of technical competence No. 045/19 dated 10/25/2019, 067/20 dated 07/03/2020)
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Statistical processing of the obtained data was performed using the STATISTICA package
computer programs (StatSoft Statistic v.6.0, STA 862D175437Q).

Statistical significance of the compared indicators with a non-normal distribution, determined by
the Kolmogorov-Smirnov and Shapiro-Wilk goodness-of-fit test, was determined using the Wald-
Wolfowitz run test at a critical level of statistical significance p=0.05. The considered data are presented
as “median and interquartile range”: Me (RQ=UQ-LQ).

Results of the study and their discussion. We carried out a microbiological study of the discharge
from the places of violation of the skin. A total of 31 bacterial species have been identified. Among the
gram-positive flora, the prominent representatives of the micrococcus genus were Staphylococcus aureus
and Staphylococcus epidermidis. Small amounts of Enterococcus faecalis, Enterococcus faecium, and
Enterococcus adalacties were isolated.

Gram-negative flora had a broad spectrum: Escherichia coli, Pseudomonas aeruginosa, and a small
amount of Klebsiella pneumoniae, Proteus mirabilis, Klebsiella oxytoca, Pseudomonas putida.

Candida nonalbicans and Candida famata represented the fungi.

Factors of pathogenicity of pathogens, including opportunistic pathogens, affect the evolutionarily
well-established mechanisms of regulation of the immune defence of the macroorganism in various ways.
This play a key role in ensuring its homeostasis and minimizing the consequences of almost any process,
mainly depending on the adequate functioning of different parts of the immune system. As a result of the
study of the phagocytosis system in patients of the second group, a decrease in the absorption capacity of
neutrophils (phagocytic index of neutrophils, FIN) by 30' and 120' by 25 % and 28 % was revealed. The
digesting capacity of neutrophils (phagocytic number of neutrophils, FNN) was increased by 35 % and
15 % compared to the control group.

The indices of the spontaneous NBT test were increased by 16 % and stimulated by 11 % about
the indicators of the control group (Table 1).

Table 1
State of the functional and metabolic status of neutrophils in patients with various forms
of primary and recurrent erysipelas Me (RQ=UQ-LQ)
Erysipelas primary Erysipelas recurrent
Donors Group 2
(1246) (n=2€1) 3a 3b 3c 4a 4b
(n=20) (n=40) (n=8) (n=12) (n=5)
FIN 67.5 50.6" 54.3" 55.3" 3245 423" 28.0%"
for 30 68—-66=2 55.1443 56.8-53.2 59.1-53.2 34.5-30.2 47.9-38.5 31.2-253
minutes, % =10.8 =34 =5.9 =43 =9.4 =5.9
FNN 2.8 3.8 4.0 42" 33 3.1 2.0
for 30 2.9-2.7 4.2-3.6 4.2-3.7 4.7-3.8 3.7-3.2 4.0-2.6 24-14
minutes, =0.2 =0.6 =0.5 =0.9 =0.5 =14 =1.0
RU
FIN 60.1 43.4%* 50.2 51.7 28.1%" 38.0" 255"
for 120 64-58=06 47.1-40.8 55.749.2 56.649.4 30.9-26.3 39-36.6 30.1-22.7
minutes, % =6.3 =6.5 =7.2 =4.6 =24 =74
FNN 34 3.9 4.2 4.4 3.9 3.1 2.5"
for 120 4.3-3.0 4.4-3.6 4.4-4.1 5.04.1 4.4-33=1.1 4.0-2.9 2.9-2.1
minutes, =1.3 =0.8 =0.3 =0.9 =1.1 =0.8
RU
NBTsp, 1.2 1.4 1.7 1.5 1.4 1.1 0.8
RU 1.3-1.1 1.9-1.1 2.1-1.3 1.6-1.4 1.8-1.0=0.8 1.7-0.5 1.2-0.5
=0.2 =0.8 =0.8 =0.2 =1.2 =0.7
NBTst, 1.8 2.0 2.2 1.4 1.0 0.9 0.6™
RU 2.0-01.6 2.0-1.8 2.6-2.1 1.7-1.1 1.1-0.8 1.1-0.6 0.7-0.4
=0.4 =0.2 =0.5 =0.6 =0.3 =0.5 =0.3

Note: * — p-level=0.05 in relation to the control group; ** — p-level=0.05 in relation to group 2.

In subgroup 3a, the absorption capacity of neutrophils decreased by 30' and 120' by 22 % and 16 %,
while the digestion capacity increased by 42 % and 23 % relative to the comparison group.

Indices of NBTsp anda NBTst tests were increased by 21 % and 10 % in the comparison group.

In patients of subgroup 3b at 30" and 120", the absorption capacity of neutrophils was reduced by
18 % and 14 %, and the digesting capacity was increased by 50 % and 29 % in the indicators of the
comparison group.

NBTsp and NBTst indicators were increased by 25 % and 15 % among the indicators of the
comparison group.
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In subgroup 3b, there was a decrease in the absorption capacity of neutrophils by 30' and 120' by
48 % and 47 % and an increase in the digestive function by 18 % and 15 % in relation to the indicators of
the comparison group.

NBTsp indices were increased by 16 %, and NBTst were reduced by 45 % about the indicators of
the comparison group.

Patients in subgroup 4a showed a decrease in the absorption capacity of neutrophils by 30' and 120
by 63 % and 63 %. The digestion capacity was slightly increased by 30' — by 11 % and decreased by 120’
— 9 % about the indicators of the comparison group.

NBTsp indices were reduced by 8 %, and NBTst by 50 % about the indicators of the comparison
group.

Patients in subgroup 4b showed a decrease in the absorption capacity of neutrophils by 30' and 120'
by 59 % and 53 %, while the digesting capacity decreased by 71 % and 73 % in relation to the indicators
of the comparison group.

When studying the state of the cytokine status in patients of group 2, an increase in the level of
cytokines IL-1p was observed by 242 %, and a decrease in the level of IL-2 by 19 %. In contrast, TNF-a,
IL-6, and IL-10 remained unchanged relative to the control group (Table 2).

Table 2
State of the cytokine status in patients with various forms of primary and recurrent erysipelas Me
(RQ=UQ-LQ)
Erysipelas primary Erysipelas recurrent
Donors Group 2 3a 3b e 42 b
(n=46) (n=24) (n=20) (n=40) (n=8) (n=12) (n=5)
IL-1B 2.1 5.1 5.8 17.35* 41.7% 23.5% 58.3%
pkg/mL 2.8-1.7=1.1 7.3-4.5=2.8 6.2-4.1=2.1 23.3-15.1 49.4-36.8 29.7-18.9 649-49.1
=8.2 =12.6 =10.8 =15.8
IL-2 4.2 34 3.1 2.8 2.0%" 2.5" 1.9%*
pkg/mL 5.3-3.4=19 4.8-2.7=2.1 3.9-2.0 3.0-2.7 24-19 3.0-1.8=1.2 2.2-1.1=1.1
=1.9 =0.3 =0.5
TNF a 33 34 5.55* 6.85" 7.25% 8.35™ 9.5%™
pkg/mL 5.0-2.4=2.6 4.3-29 12.4-6.7 4.8-2.4 3.6-1.5 2.3-1.0=13 2.7-0.9=1.8
=14 =5.7 =24 =2.1
IL-6 9.8 10.2 3.5 12.4 8.7 8.2 7.45*
pkg/mL 13.0-6.9 12.7-8.1 4.6-2.0 16.8-9.7 10.9-6.8 10.3-6.7=3.6 9.0-5.9=3.1
=6.1 =4.6 =2.6 =7.1 =4.1
IL-10 3.8 3.8 3.5 3.0 24 2.8 2.0"
pkg/mL 4.2-3.3=0.9 4.8-2.9=19 4.0-2.9 4.1-2.5 4.8-1.7 3.3-1.9=14 3.7-0.8=2.9
=1.1 =1.6 =3.1

Note: * — p-level=0.05 in relation to the control group; ** — p-level=0.05 in relation to group 2.

In subgroup 3a, an increase in the level of IL-1 and TNF-a — by 176 % and 61 % were observed,
while the levels of IL-2, IL-6 and IL-10 were reduced by 13 %, 218 % and 8 %, respectively, relative to
indicators of the comparison group. In patients of subgroup 3b, an increase in the level of IL-1B, TNF-a,
and IL-6 was observed by 239 %, 100 % and 21 %, while the levels of IL-2 and IL-10 were reduced by
16 % and 21 %, respectively, relative to comparison groups.

In subgroup 3c, there was an increase in the level of IL-1B and TNF-a by 717 %, 111 % and a
decrease in the level of IL-2, IL-6, IL-10 by 42 %, 25 % and 37 % relative to the comparison group.

In patients of subgroup 4a, an increase in IL-1 and TNF-a by 360 % and 144 % were observed,
while IL-2, IL-6, and IL-10 were reduced by 27 %, 20 % and 26 % relative to the comparison group.

In patients of subgroup 4b, an increase in the level of IL-1p, and TNF-a, by 1143 % and 179 %
was observed, while the levels of IL-2, IL-6, IL-10 were reduced by 56 %, 37 % and 47 % relative to
indicators of the comparison group.

After analyzing the specificity of cytokine status, it was found that in patients with erysipelas. In
group 2, the immune response was of the Th2 type. In subgroups 3a, and 3b, it was shifted towards the
Th2/Th1 type, with a predominance of the Thl type, while in 3c, 4a, and 4b, it corresponded to the Th1 type.

A number of authors [3, 5, 6], who study the problems associated with erysipelas, note that not
only the presence of microbial associations contributes to the rapid course of the disease and the
development of complications. but also, the full functioning of immune mechanisms, in particular, cytokine
regulation, which is fully consistent with the results of our research.

Excessive bacterial burden, as one of the main components of erysipelas, depending on the form
and course of the disease (which was not found in the available works), affects the main mechanisms of
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immune defence. In particular, phagocytosis (in patients 3¢, 4a, and 4b, incomplete phagocytosis was
observed against the background of a severe deficiency of the functional and metabolic reserve), which
leads to long-term persistence within the outer cover and contributes to the formation of a chronic relapsing
course of the disease [7].

Analysis of literary data on the treatment of erysipelas indicates that the use of antibiotics, in
addition to positive effects, has a depressive impact on phagocytosis [5, 6]. Consequently, therapy should
be based on a combination of antibacterial and immunomodulatory agents (nevertheless, there is no data
on which forms and types of erysipelas should be treated with immunomodulatory therapy) [2]. In our
work, cytokine types of the immune response have been identified, which can be markers of complications
in the course of the disease and can be used to prescribe immunomodulatory therapy.

Changing the typical immune response from Th; - type (erythematous form) to Th- type in patients
with primary erysipelas (sepsis) and all conditions of recurrent erysipelas, with a change in types from Th,-
type to Thi-type, with a predominance of Th;-type (bullous, phlegmonous-necrotic forms) with primary
erysipelas, indicates a sharply increasing bacterial load and the severity of the disease, which does not
allow forming an adequate immune response [8].

The result of this study is the need to prescribe pathogenetically substantiated treatment with
immunomodulators, which will increase the duration of remission in the case of primary erysipelas and
increase the inter-relapse period in the case of recurrent erysipelas.

1. Violation of granulocytic protection in patients with erysipelas is directly related to the frequency
of relapses and complications, making it possible to predict the outcome of the disease.

2. The results obtained during the research made it possible to identify the types of immune
regulation inherent in patients with various forms and courses of the disease, which indicates the need for
an individual approach to treatment.

3. Based on the study's results, patients with primary and recurrent erysipelas complicated by sepsis
and with recurrent erysipelas, phlegmonous-necrotic form, need to be prescribed drugs with an
immunomodulatory effect.

Prospects for further research. Taking into account the above facts, it is planned to determine the presence of
correlations between the composition of the microbial discharge from the wound surface, the level of cytokines and markers of
inflammation, taking into account the severity and course of the disease. This would suggest that the microbiome affects the
severity of the disease.
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