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Assessment of collective measles immunity in child population of Irkutsk
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Abstract. The aim. Evaluate the efficacy of measles immunization in Irkutsk’s child population by measuring serological anti-measles antibody 
levels.

Materials and methods. An assessment of measles immunity levels was conducted among 588 Irkutsk children. Serum concentrations of 
antibodies to measles virus (IgG) were measured using an enzyme immunoassay and a reagent set designed for both qualitative and quantitative 
analysis.

Results. Measles virus immunoglobulin G concentrations varied among children of different age groups. Children aged 3-5 years had a concen-
tration of 0.67 ± 0.06 IU/ml. In children aged 6-7 years who underwent revaccination, the concentration was 0.68 ± 0.06 IU/ml. For those aged 12-13 
years, the concentration was 0.47 ± 0.04 IU/ml, and adolescents aged 15-17 years had a concentration of 0.42 ± 0.05 IU/ml. The concentration in 
children aged 3-5 years who did not undergo routine revaccination (Group 2) was 0.46 ± 0.03 IU/ ml.

Discussion. Seronegative outcomes surpass 7% across all age demographics, indicating inadequate collective immunity against measles.
Conclusions. Further research is required to elucidate collective specific immunity to vaccine-controlled infections (such as rubella and mumps) 

across different pediatric age groups, and to identify individual characteristics impacting the development of anti-infectious immunity.
Keywords: measles, measles immunity, children, vaccine prevention.
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Introduction. Measles infection can 
be considered as a classic example of an 
infectious disease, the possibility of elim-
ination of which is beyond doubt, since 
there are real theoretical and practical 
prerequisites for the complete elimination 
of this infection [15, 16, 17]. Thanks to the 

introduction of measles vaccines in 1963, 
significant progress has been made in the 
prevention and spread of measles, and 
the widespread introduction of measles 
immunization has saved millions of lives 
through the formation of population im-
munity and the prevention of major annu-

al measles epidemics around the world. 
Nevertheless, the issues of effective col-
lective and individual protection against 
measles infection are of increased in-
terest to specialists of various profiles 
[2, 7, 17].An increase in the incidence of 
measles infection is observed both in for-
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eign countries and on the territory of the 
Russian Federation [1, 11, 16]. According 
to the Unified Interdepartmental Infor-
mation and Statistical System (EMISS), 
the number of registered measles cases 
in the Russian Federation is increasing 
dynamically. So, in 2022, 65 cases were 
registered, in 2023 – 8,881, and in 2024 
- 14,166 cases of measles in children 
aged 0-17 years. There were no cases of 
measles infection in the Irkutsk region in 
2022, 37 cases in 2023, and 38 cases in 
2024 [1, 3, 14].

According to a number of experts, the 
increase in measles incidence is not re-
lated to the quality of vaccines, but to a 
number of external factors, such as an 
increase in the frequency of vaccination 
refusals [10], the passivity of the medical 
community, and the import of measles in-
fection from other countries represented 
by different strains of the measles virus. 
In addition, post-vaccination immunity 
depends on the individual and genetic 
characteristics of each individual [6, 9, 
13]. 

The assessment of immunity to the 
measles virus is carried out both within 
the framework of State monitoring and as 
part of scientific research on population 
immunity in different regions of the Rus-
sian Federation. [3, 11, 12, 16]. Seromon-
itoring of measles immunity is carried out 
in established "indicator" groups, and as 
for the child population – only at regulat-
ed ages, therefore, our chosen research 
goal is to assess the actual protection 
of children in Irkutsk by determining the 
intensity of serological anti–measles im-
munity.

Materials and methods: The assess-
ment of the level of immunity to measles 
infection in 588 Irkutsk children attending 
children's organized groups attached to 
10 medical organizations of the city was 
carried out.

To assess the intensity of specific 
immunity to measles, we identified 5 
age groups. Group 1: children aged 3-5 
years, born in 2019-2021 (n=94); Group 
2: children aged 6-7 years, born in 2016-
2018 (n=162), who for some reason did 
not receive the second vaccine; Group 
3: children aged 6-7 years, 2016-2018 
Group 4: children aged 12-13 years, born 
in 2010-2012 (n=115); Group 5: children 
aged 15-17 years, born in 2006-2008 
(n=104). The study did not include "indi-
cator" ages regulated by the Methodolog-
ical Guidelines (MU) 3.1.2943-11 for the 
organization and conduct of serological 
monitoring of the state of collective im-
munity.

The concentration of antibodies was 
determined by enzyme immunoassay 

(ELISA) using a set of reagents for the 
quantitative and qualitative determina-
tion of class G (IgG) immunoglobulins to 
measles virus in the blood serum of VEC-
TOR-BEST JSC (Novosibirsk, Russia) 
in accordance with the manufacturer's 
instructions. The following reference val-
ues were used to interpret the results: ≥ 
0.18 IU/ml — seropositive; less than 0.12 
IU/ml — seronegative; from 0.12 to 0.18 
IU/ml — indeterminate "gray zone". 

Inclusion criteria: signed informed 
consent from parents and/ or legal rep-
resentatives, absence of signs of acute 
illness or exacerbation of chronic one 
month before and at the time of the study, 
availability of information provided by the 
medical organization about the vaccine 
history.

The study complies with recognized 
standards: Declaration of Helsinki (2013 
edition); Federal Policy for the Protection 
of Human Subjects ("General Practice", 
US Federal Policy for the Protection of 
Human Subjects); Guidelines of the Eu-
ropean Medical Agency for Good Clinical 
Practice (European Medicines Agency 
Guidelines for Good Clinical Practice), 
approved and approved by the Commit-
tee on Biomedical Ethics at the Federal 
State Budgetary Budgetary Institution of 
the Russian Academy of Sciences (ex-
tract from the Minutes of the meeting No. 
8.2 dated 11/24/2023).

Before starting the study, all partic-
ipants (or their legal representatives) 
signed an informed consent form ap-
proved by the ethics committee, volun-
tarily confirming their consent to partici-
pate in the study.

Research results and discussion. 
When analyzing the vaccination history, 
it was found that the first administration 
of the vaccine was carried out to all chil-
dren in the study groups, and the cover-
age of revaccination at the age set by the 
National Vaccination Calendar was also 
high (Table 1).

Analysis of the structure of the results 
of the level of antibodies to the measles 
virus in the studied age groups revealed 
that the maximum proportion of seropos-
itive individuals was determined in Group 
3 among revaccinated children aged 6-7 
years - 85.2 ± 6.54%, and significantly 
exceeded (< 0.05) the proportion of posi-
tive results in children of the same age in 
Group 2 – 67.1 ± 7.23%, who did not re-
ceive the second vaccine. The minimum 
proportion of seropositive individuals – 
51.0 ± 9.6% - was determined at the age 
of 15-17 years (Figure 1).

During the analysis of the distribution 
of the shares of seronegative results 
depending on age, it was shown that at 
the age of 3 years, after vaccination, an-
ti-measles antibodies are detected in all 
children, by the age of 4 the share of se-

The proportion of vaccinated and revaccinated children
in each age group according to the National Vaccination Calendar

Group Age Number of 
children 

Proportion of children 
vaccinated with the first 

dose

Proportion of children 
vaccinated with the 

second dose
Group  1 3-5 n=94 100 0
Group 2 6-7 n=162 100 0
Group 3 6-7 n=113 100 100
Group 4 12-13 n=115 100 93
Group  5 15-17 n=104 100 91.2

Fig. 1. Structure (%) of the results of IgG levels to measles virus in children in the study groups
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ronegative results is 12.3±7.98%, and by 
the age of 5 it reaches maximum values 
– 16.1±8.01%. At the age of 15, 16, 17 
years, the proportion of seronegative dis-
eases is statistically significantly higher. 
33,3±15,2%, 21,1±11,3%, 35,5±13,9% 
Accordingly, there are also uncertain 
("gray zone") results (Figure 2).

According to MU 3.1.2943-11, the 
measles situation can be considered 
safe if no more than 7% of seronegative 
results are detected in each age group. 
According to the results of our study, the 
level of tension of collective immunity to 
the measles virus is insufficient in all the 
age groups studied. The proportion of 
seronegative outcomes in all age groups 
exceeds 7%, especially it is high at the 
age of 12-13 years, 15-17 years. In the 
age group of 6-7 years, the proportion of 
seronegative results in children who did 
not receive routine revaccination was 3.2 
times higher (p<0.05) than in those who 
were revaccinated according to the Na-
tional Vaccination Calendar.

The concentration of IgG to measles 
virus in children aged 3-5 years (Group 
1) was 0.67 ± 0.06 IU/ml; in Group 2 – 
0.46 ± 0.03 IU/ml; at the age of 6-7 years 
in the group of revaccinated (Group 3) 
– 0.68± 0.06 IU/ml; at the age of 12-13 
years – 0.47 ± 0.04 IU/ml, and the lowest 
concentration of IgG for measles was ob-
served in adolescents aged 15-17 years 
– 0.42± 0.05 IU/ml (Figure 3).

According to the analysis of the con-
centration of IgG to the measles virus 
and the proportion of seronegative re-
sults, the lowest levels of anti-measles 
IgG combined with a high proportion of 
seronegative results were observed in 
Group 3 and Group 5, children aged 15-
17 years, which should draw attention to 
children of these age groups as less pro-
tected from measles infection (Figure 3).

An analysis of the concentration of IgG 
to the measles virus and the proportion 
of seronegative results, depending on 
age, gives a more expanded picture. It 
was found that in children aged 5 years, 
a lower level of antibodies to the measles 
virus is combined with the highest pro-
portion of seronegative results, and at-
tracts attention in terms of low protection 
from measles infection, like adolescents 
aged 15-17 years, who also have lower 
concentrations of anti-measles IgG ac-
companied by an increased proportion of 
seronegative results (Figure 4). It should 
be noted that the absence of antibodies 
was also found in 75.3% of children vac-
cinated with two doses of the vaccine, 
which is confirmed by the results of other 
studies [10].

The level of anti-measles IgG, which 

Fig. 2. Structure (%) of the results of IgG levels to measles virus in children of different ages

Fig. 3. Average concentration level (IU/ml) and percentage (%) of IgG results for measles virus 
in children in the study groups

Fig. 4. Average concentration level (IU/ml) and percentage (%) of IgG results for measles virus 
in children, depending on age
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is taken into account when assessing the 
state of collective and personal immunity 
against measles infection, makes it pos-
sible to identify the presence of a vaccine 
failure, if reliable data on vaccination are 
available, at the same time, there are a 
number of other protective factors of the 
body that can prevent the development of 
the infectious process in contact with the 
measles virus [4, 9], which is confirmed 
by the analysis the results obtained in our 
study. Despite the fact that the proportion 
of children who are seronegative to the 
measles virus in our selected age groups 
exceeds the established level, neverthe-
less, it allows us to protect against the 
spread of measles infection, since no 
significant foci and widespread spread 
of measles have been registered in chil-
dren's groups and in the Irkutsk region. 

According to a number of authors, if 
there is no immune response to the intro-
duction of the vaccine for any reason in 
the case of a history of measles vaccina-
tion and the level of protective anti-mea-
sles IgG is not determined or is not lower 
than reference values, then the risk of 
infection and severe measles infection is 
high. Probably, the body of such children 
has a number of features that prevent the 
formation of personal anti-infective immu-
nity, which requires further study, espe-
cially given the effect of the SARS CoV-2 
virus on the state of humoral immunity in 
childhood, and the possible effect on the 
ability to produce specific antibodies to 
various infectious agents [2, 5, 9]

Nevertheless, the results obtained in-
dicate the possibility of measles infection 
in certain age groups in case of contact 
with the virus, which should be taken into 
account when organizing anti-epidemic 
measures in organized children's groups. 
When monitoring contact persons in 
measles foci and making a diagnosis 
of measles infection, close attention is 
required for children with a history of 
double measles immunization combined 
with a negative result of measles IgG, 
since the presence of exanthema and 
a complete vaccination history does not 
exclude the diagnosis of measles infec-
tion. Thus, vigilance in this matter will 
eliminate the underdiagnosis of measles, 
ensure the timeliness of anti-epidemic 
measures and prevent the growth of the 
existing outbreak.

According to the results of the study, 
additional booster immunization with a 
monovaccine against measles was car-
ried out in all seronegative children, in the 
absence of revaccination, complex vac-
cines were used, including against rubel-
la and mumps. According to form No. 6 of 
the state statistical reporting for 2024, the 

level of coverage of the quality of immu-
noprophylaxis in the city of Irkutsk is at a 
regulated level. 

Conclusion: In general, the results 
presented by us indicate the need to 
continue assessing collective specific 
immunity to vaccine-controlled infections 
in children of different age groups, in the 
context of the implementation of govern-
ment programs aimed at combating child-
hood infectious diseases, the introduc-
tion of complex vaccines and the ongoing 
circulation of the SARS CoV-2 virus. It is 
also necessary to continue studying the 
individual characteristics of the formation 
of specific immunity to various infections 
in childhood.
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Analysis of performance indicators
of the St. Joasaph Belgorod Regional Clinical Hospital

Natalya B. Pilkevich, Vera A. Markovskaya, Victoria I. Chepkaya, Karina O. Apaeva, Olga V. Yavorskaya, Oleg V. Varavin, Anastasia P. Smirnova
Federal State Budgetary Educational Institution of Higher Education Belgorod State National Research University,

85 Pobedy Str., Belgorod, 308015, Russia

Abstract. One of the most important indicators of population health is its morbidity rate, and the goal of any healthcare system is to improve 
public health. Assessing the performance of a healthcare facility plays a key role in its management and can significantly impact its effectiveness 
and the achievement of better outcomes. The aim of our study was to analyze the performance indicators of the St. Joasaph Belgorod Regional 
Clinical Hospital for 2022-2024. The analysis of the facility's performance indicators was conducted using statistical forms No. 14 and No. 30.

Our study revealed a decrease in the number of patients admitted for emergency care and hospital bed utilization. Diseases of the circulatory 
system were the leading causes of hospitalizations and mortality. The number of surgeries using high medical technologies increased by 20.23%. 
The top five surgeries are: heart surgery (100%), kidney and ureter surgery (42.8%), nervous system surgery (35.04%), vascular surgery (27.9%), 
and musculoskeletal surgery (27.54%).

The study resulted in a breakdown of postoperative mortality rates, with the leading mortality rates following vascular surgery, abdominal sur-
gery, and heart surgery.

Keywords: analysis, indicators, medical institution, morbidity, mortality, structure
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