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ABSTRACT

Object of research: the level of the Toll-like receptor type 9 expression on peripheral blood lym-
phocytes and monocytes in patients with measles of varying severity, both with and without com-
plications.

The solved problem: identification of the relationship between changes in the level of production
of the main cytokines and virus-specific immunoglobulins and the level of expression of the Toll-
like receptor type 9 on immunocompetent peripheral blood cells of patients with measles infection
of varying severity.

The main scientific results: In patients with measles infection have been identified three types of
cytokine response, each of which is characterized by different levels of changes in the expression
of the main cytokines, immunoglobulins, and their avidity. It was shown that the levels of expres-
sion of major cytokines and virus-specific antibodies, as well as their avidity, are associated with
the level of expression of the Toll-like receptor type 9. It has been demonstrated that moderate
disease is associated with a significant increase in the level of expression of the Toll-like receptor
type 9 on the immunocompetent peripheral blood cells, while their low expression leads to the
development of severe forms of the disease. It has been shown that in moderate disease the risk of
complications is associated with a lower level of expression of the Toll-like receptor compared to
the group without complications. In groups of patients with a severe course of the disease a signif-
icant decrease in the level of expression of the Toll-like receptor type 9 was shown to be associated
with the risk of complications.

The field of practical use of the research results: medical institutions specializing in the treat-
ment of socially significant infectious diseases.

Innovative technological product: a method of advanced study of patients with and without
measles infection of varying severity which allows to identify risk groups for the development of
severe forms of the disease and complications, which in turn will allow the timely apply methods
of immunomodulatory therapy and optimize the costs of the health system.

Scope of application of an innovative technological product: inpatient and outpatient treatment
and diagnostics of patients with socially significant infectious diseases.

© The Author(s) 2021. This is an open access article under the Creative Commons CC BY license
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1. Introduction

1. 1. The object of research

The object of research is the level of the Toll-like receptor type 9 expression on peripheral
blood lymphocytes and monocytes in patients with measles of varying severity, both with and
without complications.

1. 2. Problem description

Measles is a highly contagious viral infectious disease characterized by the development of
general intoxication, fever, catarrhal syndrome, conjunctivitis and the development of a typical ex-
anthema. The persistence of the measles virus in the human body also leads to immunosuppression
which in turn is a prerequisite for a high susceptibility of the affected organism to the addition of
various secondary pathogens [1-3].

One of the main complications of measles infection is the affection of the respiratory tract,
namely out-of-hospital pneumonia which is the cause of high mortality among patients with mea-
sles [4, 5]. During the last measles outbreak, which was observed on the territory of Ukraine in
2017-2019, high mortality rates were due not only to the action of the virus itself, but also to the
addition of secondary bacterial flora and the development of out-of-hospital pneumonia, which
against the background of immunosuppression caused by the direct action of the virus had a severe
course even with the use of powerful antibacterial agents.

An important link in a macroorganism protection from pathogen penetration is the innate
immune response which uses pattern recognition receptors (PRRs) to detect microorganisms in-
vased the human body. PRRs recognize endogenous and exogenous ligands, including pathogen-as-
sociated molecular patterns (PAMPs), which are chemical motifs expressed by microorganisms.
The most fully characterized type of pattern recognition receptors which are important modulators
of the innate immune response due to the ability to recognize microorganisms localized both in the
intercellular space and inside cells, are Toll-like receptors (TLRs). TLRs are the class of pattern
PRRs that detect microorganisms that have entered the human body by recognizing PAMPs. Once
PAMPs are detected TLRs trigger a signal transmission cascade that leads to the production of
inflammatory mediators. Toll-like receptors represent important modulators of the innate immune
response since they are able to recognize microorganisms localized both in the intercellular space
and inside cells. The fact that TLRs are widely represented in the body’s cells confirms their central
role in potential pathogens recognition. Ligands for TLR are double-stranded RNA (dsRNA), sin-
gle-stranded RNA (ssRNA), viral and bacterial RNA or unmethylated CPG DNA motifs resulting
from hydrolytic degradation of microorganisms [6, 7].

One of the most important TLRs is the Toll-like receptor type 9. Activation of this receptor
expression and signal transmission with its involvement are important mechanisms for triggering
an innate immune response which leads to the activation of various structures depending on the
cell type. In cDC, pDC and macrophages TLRY activate the signal transmission cascade culminat-
ing in the production of proinflammatory cytokines — TNFa, IL-6 and IL-12, and interferon (IFN)
type 1 [8, 9]. TLR9 has also been shown to be important in protecting the body from lung tissue
affection caused by S.Pneumoniae and S.aureus [10—13].

Previous studies on the involvement of TLRY in signal transmission have shown that re-
ceptor activation occurs after their interaction with unmethylated CpG DNA. However, in-depth
studies conducted in recent years demonstrate the critical importance of these receptors in the case
of damage to the body by RNA-containing viruses.

Jiang J et al.in their study involving to HIV-1- exposed seronegative individuals, demon-
strated that levels of TLR9 expression and interferon-7 regulation factor were higher in the group
of seronegative individuals exposed to HIV-1, indicating that increased expression of TLR9 path-
way molecules in monocytes may be involved in mediating these individuals ‘ resistance to HI'V-
1. The authors also studied the levels of antiviral factors and chemokines associated with both the
TLR9 pathway and HIV-1 infection/replication, and demonstrated that seronegative individuals
exposed to HIV-1, compared with the control group of patients, show an increase in [IFNa, MIP-
1A and MIP-1B in peripheral blood mononuclears at the level of mRNA and IFNf, MIP-1A,
MIP-1B and RANTES at the level of protein in plasma. Thus, the authors demonstrated that
increased activity of the TLR9 pathway in monocytes/macrophages contributes to a decrease in
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the susceptibility of monocytic dendritic cells to HIV-1 in seronegative individuals exposed to
HIV-1 [14].

In addition, Yanyan Liao et all in the study of drug users demonstrated that a decrease in
TLRY expression and activity resulting from drug use is accompanied by a decrease in key factors
and cytokines of the TLR9 pathway and contributes to HIV infection and its replication in macro-
phages [15].

1. 3. Suggested solution to the problem

Despite understanding the importance of TLR9 in activation of the innate immune response to
pathogen penetration, the role of this receptor in protecting the body from socially significant diseases
is poorly understood. That is why given the significant number of patients with measles infection who
were treated in Kharkiv Regional Clinical Infectious Diseases Hospital (Ukraine), immunological
disorders that were detected in these patients [16, 17], as well as a significant number of patients with
bacterial complications from the respiratory tract, it was considered interesting to study the level of
Toll-like receptor expression in this cohort of patients and establish a relationship between the level of
its expression, the degree of immunological disorders and the presence of complications.

Aim of the research: to determine the dependence of the severity of measles infection and
the risk of complications on changes in the activity of the Toll-like receptors type 9 expression on
immunocompetent peripheral blood cells.

2. Materials and methods

The study included 65 patients diagnosed with measles who were treated in the Kharkiv Re-
gional Clinical Infectious Diseases Hospital (Ukraine) between 2017 and 2019. The inclusion criteria
were the presence of measles of varying severity, both with and without complications. Patients were
divided into 4 groups depending on the severity of the disease and the presence of complications.
Group 1 included patients who had moderate diseases without complications and were treated in the
general department (n=20); group 2 included patients with moderate measles who had complications
in the form of out-of-hospital pneumonia and were treated in the general department (»=20); group
3 included patients with severe measles who had no complications and were treated in the intensive
care unit (n=16); group 4 included patients with severe measles who had complications in the form
of out-of-hospital pneumonia and were treated in the intensive care unit (#=9). The average age of
patients was 36.16+1.59 years, women — 48 %, men — 52 %. Patients were admitted to the hospital on
5.1840.15 day from the onset of the disease and 4.29+0.12 day from the appearance of the rash. The
diagnosis was established on the basis of the presence of typical clinical signs of the disease (catarrhal
and intoxication syndromes, eye damage syndrome, enanthema and exanthema syndrome with a
typical stage of appearance and disappearance of rashes), data from objective, instrumental and labo-
ratory research methods, epidemiological data (contact with patients with an established diagnosis of
measles). The presence of pneumonia was confirmed by chest X-ray. All patients reported receiving
measles vaccination in childhood. The control group consisted of 20 voluntary donors who at the time
of blood sampling did not have clinical signs of measles, did not have contact with measles patients
and did not have exclusion criteria (the presence of concomitant acute and chronic diseases from var-
ious organs and systems, immunosuppressive and autoimmune diseases, taking immunosuppressive
drugs, performing surgical interventions 6 months before hospitalization because of measles, giving
birth 6 months before hospitalization because of measles).

All voluntary donors reported having been vaccinated against measles in childhood and
never had measles during their lifetime. During the study, the provisions of the Helsinki Decla-
ration of the World Medical Association, the ethical code of the doctor of Ukraine and informing
the patient about the nature of the study were strictly observed. All patients involved in the study
signed informed consent to participate in the study. Protocol No. 2 of the Commission on Biomed-
ical Ethics of V. N. Karazin Kharkiv National University of the Ministry of Science of Ukraine
dated 10.04.2021.

On the day of admission to the hospital the level of expression of Toll-like receptor type 9
in the leukocyte suspension was determined in all patients. The study was performed using Flow
Cytometry using a set of TLR9 monoclonal antibodies (CD123+) (Germany) in accordance with the
manufacturer’s instructions. Also, with the help of solid-phase enzyme-linked immunosorbent assay
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method the concentration in the blood serum of pro-and anti-inflammatory cytokines (IL-1, IL-6,
IL-4, IL-10), IFNa and IFNy as well as the level of virus-specific IgM, IgA and IgG with the level of
avidity of the latter were determined using test systems manufactured by JSC “Vector-best” (Russian
Federation), “Hema” (Ukraine), “The Native Antigen Company” (USA) according to the manufactur-
er’s instructions. A correlation analysis between the expression of Toll-like recetors and serum con-
centrations of pro- and anti- inflammatory cytokines as well as [FNa and IFNy was also performed.

Statistical processing of the obtained data was performed using the IBM SPSS Statistics
22.0 program. The data in the tables are presented as the arithmetic mean (M )+average error
of the arithmetic mean (m). When interpreting the significance of the difference in results, the
Mann-Whitney criterion was used, and p<0.05 was considered the critical value of the significance
level. When performing correlation-regression analysis, the Pearson correlation coefficient (critical
value of the Student’s coefficient p<0.05) was used.

3. Research results

The study of the levels of pro- and anti-inflammatory cytokines and INFa and INFy in the
blood serum on the day of admission to the hospital showed an increase in them in all groups of
patients compared with the control group. In patients of group 1 the level of IL-1 (CI: 45.1-154.6)
and IL-6 (CI: 100.02—-185.9) in the serum increased 3.9 times, INFa — 2.8 times (CI: 95.21-122.75),
INFy — 2.5 times (CI: 93.2-111.2), IL-4 and IL-10 — 3.7 times (CI: 80.91-104.89) and 3.6 times (CI:
56.3—80.88). In patients of group 2 these indiced increased by 3.2 (CI: 61.6—101.8); 3.2 (CI: 84.6—
159.5); 2.4 (CI: 88.01-97.0); 1.7 (CIL: 65.92—-80.01); 3.0 (CI: 60.1-88.8); and 2.8 times (CL: 44.08—
62.12), respectively. In patients of group 3, the level of IL-1 increased 2.6 times (CI: 52.2—-84.0),
IL-6 — 1.9 times (CI: 55.1-86.3), INFa — 1.7 times (CI: 64.6—77.3), INFy — 1.3 times (CI: 47.9-57.9),
IL-4 — 1.4 times (CI: 26.9-46.7), IL- 10 — 1.1 times (CI: 16.6-25.9). In patients of group 4 — levels
of IL-1, IL-6, IL-4 and IL-10 increased by 1.03 (CIL: 21.3-31.44), 1.01 (CIL: 17.4-56.6), 1.04 (CIL:
14.9-36.3) and 1.06 times (CI: 13.22-25.1), respectively; levels of INFa and INFy in patients of this
group were lower than in the control group — 1.06 (CI: 27.1-44.3) and 1.1 times (CI: 28.8—45.9),
respectively (Fig. 1).
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Fig. 1. Cytokine profile in patients of groups 1-4 at the day of admission
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The study of the levels of specific IgG and IgA as well as IgG avidity on the day of admis-
sion to the hospital showed a decrease in their levels in relation to the control group in all groups
of patients, while the lowest rates were recorded in patients of group 4 who had a severe course
of the disease and the development of pneumonia. In comparison with the indices of individuals
of the control group. In patients of group 1 the level of IgA in patients was reduced by 1.13 times
(CI: 0.04-0.26), IgG was reduced by 1.2 times (CI: 0.96-1.47), IgG avidity was reduced by 1.09
times (CI: 83.98—88.7); in patients of group 2 the indices were reduced by 1.7 (CI: 0.06—0.13), 1.28
(CI: 0.94-1.33) and 1.17 times (CI: 76.83—83.0), respectively. In patients of group 3 the level of IgA
was reduced by 2.42 times (CI: 0.03—0.12), IgG was reduced by 1.75 times (0.61-1.07), IgG avidity
was reduced by 1.37 times (CI: 65.26—71.81); in patients of group 4 the indices were reduced by 3.4
(CI:0.02—-0.07), 1.98 (CI: 0.59—1.12) and 1.76 times (CI: 50.15-58.94), respectively. Also in patients
of all groups the presence of Ig class M which were absent in individuals of the control group was
observed (Fig. 2, 3).
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Fig. 2. Levels of IgA, IgG, IgM in patients of groups 1—4 at the day of admission

Analysis of data obtained by studying the level of Toll-like receptor type 9 expression
showed that in patients of groups 1 and 2 who had a normoreactive type of cytokine response
and significantly higher levels of IgA and IgG, the level of TLR9 expression on peripheral blood
mononuclears was higher than in people of the control group; in patients of group 1 the level of
TLRY expression was by 2.53 times (CI:1.44-2.82) , and in patients of group 2 by 1.96 times (CI:
1.11-2.18) higher than in people of the control group. In patients of group 3 who had a dissociative
type of cytokine response and a more significant, comparing to patients of groups 1 and 2, decrease
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in IgA and IgG levels, the level of TLR9 expression was by 1.33 times (CI: 0.59-0.87) lower than
in the control group. In patients of group 4 who had a hyporeactive type of cytokine response and
a statistically significant decrease in IgA and IgG levels, the level of TLR9 expression was the
lowest; in patients of this group the TLR9 expression index was by 1.35 times (CI: 0.53—0.70) lower
than in the control group (Table 1).

Avidity, %

100 94.05

90 86.34
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60 532
50
40
30
20
10

0 T T T T 1

Group 1 Group 2 Group 3 Group 4 Control group

Fig. 3. The IgG avidity in patients of groups 1-4 at the day of admission

Table 1
TLRY expression levels, cytokine profile indices and specific immune response of patients of groups 1-4 at
the day of admission

Indices g;;;; IFNo, IFNy, IL-1,pg/ IL-6,pg/ IL-4,pg/ 1IL-10, 1IgM, IgA,pg/ IgG, Avidity,
o > pg/ml  pg/ml ml ml ml pg/ml  ODU ml pg/ml %
()

2.13+ 109.26+ 102.24+ 99.8+ 142 .9+ 92.9+ 68.59+ 0.21+ 0.15+ 1.22+  86.34+
+0.34" +6.74 +4.41° £26.83° £21.05°  £5.88°  +6.02° +0.06° +£0.06 +0.13 +1.16"
1.65+ 92.52+ 7297+ 81.7+ 118.0+ 74.4+ 53.1+ 0.31+ 0.1+ 1.14+ 79.91+
+0.26" +2.21° £3.45 +9.87" +17.84" +7.04" +4.42" +0.06° £0.02 +0.1 +1.51"
0.73+ 66.06+ 5427+ 68.10+ 70.71+ 36.84+ 21.22+ 0.69+ 0.07+ 0.84+ 68.54+
+0.07 +3.54° 42.66" +7.71° +7.54° +4.79* +2.24  £0.09° £0.02 £0.11" £1.59"
Group 4 (n=9) 0.62+ 35.74+ 37.32+ 26.37+ 37.01+ 25.59+ 19.71+ 0.86ﬂ:* 0.0S:E 0.74:1:* 53.2i*

+0.04 +3.95 +3.94 +2.33 +9.00 +4.92 +2.73 +0.13 +0.01 +0.10 +2.02
Control group  0.84+ 38.08=  40.7+ 25.49+ 3642+ 2459+  18.56+ 017+ 147+  94.05+

(n=20) +0.02 +2.34 +2.29 +1.88 +2.02 +2.02 +1.66 0 +0.05  +0.13 +0.47

Group 1 (n=20)
Group 2 (n=20)

Group 3 (n=16)

Note: *—p<0.05 between the indices of patients and the control group

4. Discussion

The study of the cytokine profile of measles patients revealed three types of cytokine
response to the infectious process: normoreactive, dissociative, and hyporeactive. The normo-
reactive type of cytokine response was observed in patients of groups 1 and 2, in whom the
disease had a moderate course and was characterized by a statistically significant (p<0.05)
increase in the levels of pro- and anti-inflammatory cytokines and IFNs compared to indi-
viduals of the control group. In patients of group 3, in whom the disease had a severe course
and was not accompanied by the development of complications, a dissociative type of cyto-
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kine response was detected, which was characterized by a significant increase in the levels of
pro-inflammatory cytokines and low levels of anti-inflammatory cytokines, as well as [FNa
and IFNy. Patients of group 4 in whom the disease was severe and accompanied by the develop-
ment of pneumonia, had a hyporeactive type of cytokine response, which was characterized by
low levels of pro- and anti-inflammatory cytokines, the concentrations of which were slightly
higher than those of the control group, and interferons, the levels of which were lower than
those of the control group. As indicated by D. Griffin [3], the interaction of measles birus hem-
agglutinin (H) with monocytes leads to the activation of IL-6 production, and the interaction
of the measles virus with epithelial cells leads to an increase in the production of IL-8. In vivo
studies also confirmed an increase in the level of IL-1 and IL-8 protein in the blood plasma of
children infected with measles.

With regard to anti-inflammatory cytokines it was demonstrated that the production of
Th cells type 1 which is observed at the initial stages of infection, in a later period is replaced
by the production of type 2 cytokines — IL-4, IL-10 and IL-13 the increased levels of which are
observed and after clinical recovery of patients [18].

The study found that measles in patients of groups 1-4 occurred against a background
of low levels of specific antibodies. It is noteworthy that in patients of groups 3 and 4 the level
of specific IgM on the day of hospitalization was high and significantly higher (»<0.05) than
in patients of groups 1 and 2, that can be considered as indirect evidence of the predominance
of the immune system response to infection by primary type and ineffectiveness of conducted
routine vaccination. These data confirm the data obtained by Brigitta Laksono et all [1] that
demonstrated notional decrease of IgG* and IgA* memory B cells before and after measles.
Also in children included in their study blood serum was negative for measles virus-specific
IgG prior the infection and afer the infection become measles virus-specific IgG and IgM
positive.

It is noteworthy that among patients with a normoreactive type of cytokine response in
patients of group 2, in which the disease had a moderate course but was accompanied by the
development of pneumonia, the increase in TLR9 expression was less significant, compared
with patients of group 1, who had no complications. Also noteworthy is a significant decrease
in the level of TLR9 expression in patients of group 4 who had a severe course of the disease
with the development of extrahospital pneumonia. These data are consistent with the results
of D.Parker and A. Prince [13] which showed better survival rates in S. aureus-infected mice
Tlr9"compared to WT mice.

A Pearson correlation analysis performed on the day of admission showed a direct cor-
relation between TLR9 expression levels and serum levels of IFNa, IFNy, and pro-inflamma-
tory cytokines (IL-1 and IL-6). An inverse correlation was established with respect to anti-in-
flammatory cytokines — interleukins 4 and 10.

In relation to IFNa, a direct high correlation was found in all study groups; the depen-
dence of the stadied traits in all groups was statistically significant (p<0.05). The correlation
between TLR9 expression levels and IFNy levels ranged from weak to noticeable; the depen-
dence of stadied traits in all groups was statistically significant (p<0.05). Determination of
the correlation between the level of TLR9 expression and the level of IL-1 established a direct
correlation between the indicess, while in patients of groups 1-3 the dependence of signs was
statistically significant, and in patients of group 4 — statistically insignificant (»p>0.05).

For anti-inflammatory cytokines — interleukin 4 and 10 — a negative correlation was
found with the level of TLR9 expression. The statistical significance of the relationship be-
tween the studied indices in all groups was absent (p>0.05), and the strength of the relationship
ranged from weak to high.

Study limitations. The study included adult patients with measles of verying severity
(B05) according to the ICD 10 both with and without complications.

Prospects for further research. The study of an affection of TLR9 expression activity
on immunocompetent cells of the peripheral blood can be used to better understand immune
system disorders in patients with viral diseases as a predictor and possible factor in the sever-
ity of the disease and the development of complications.
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(10]

(1]

5. Conclusions

Measles infection of moderate severity, characterized by a normoreactive type of cy-
tokine response, significant increase in medium- and high-avidity antibodies and a reaction
of the immune system by a secondary type, is associated with a significant activation of the
TLR9 expression on immunocompetent peripheral blood cells.

A decrease in the level of TLRY expression leads to the development of a severe course
of the disease. At the same time, a 1.15-fold decrease is associated with the development of
a hyporeactive type of cytokine response, a decrease in the level of virus-specific IgG and
their avidity, but is not accompanied by the development of complications, while a 1.35-fold
decrease in the level of TLR9 expression is associated with the development of a severe com-
plicated course of measles infection, a dissociative type of cytokine response, a significant
decrease in the levels of virus-specific Igs, their low avidity and a reaction of the immune
system by a primary type.

The level of the Toll-like receptor type 9 expression on immunocompetent peripheral
blood cells of patients with measles infection can be considered as an important factor affect-
ing the state of the immune system and the strength of the immunological response in response
to the penetration of the pathogen.

The study of the level of the Toll-like receptor type 9 expression will allow to identify
groups at risk of severe forms of the disease and complications development, to timely apply
methods of an immunomodulatory therapy in such groups of patients and, thereby, to optimize
the costs of the health system.
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