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Abstract
Introduction. The problem of vaccine-preventable infections requires assessing the state of herd immunity through 
serological monitoring.
The aim. To study the epidemiological features of measles, rubella and mumps and to estimate their seroprevalence 
in the last decade in Moscow.
Materials and methods. Forms of federal statistical observation; State reports «On the state of sanitary and 
epidemiological well-being of the Moscow population»; official EMISS data for 2012–2023 were used to conduct 
a retrospective analysis of incidence. Blood serum samples (n = 7458) from healthy individuals stratified by age 
were tested for the presence of IgG antobodies to measles, rubella and mumps using the ELISA. Statistical data 
processing was performed using Microsoft Excel and SPSS Statistics v.27 (IBM).
Results. The analysis of epidemiological situation in Moscow in 2012–2023 revealed the presence of multidirectional 
trends: wave-like increase in the incidence of measles, stabilization of rubella cases registration and unstable 
incidence of mumps with an upward trend. A high prevalence of IgG antibodies to rubella virus was determined, 
preventing the spread of infection among the population. The formed level of herd immunity to mumps does not 
allow reducing the incidence to sporadic cases. The observed trend of increasing measles incidence can be 
explained by the accumulation of non-immune individuals among the population.
Conclusion. The significant proportion of seronegative individuals indicate the necessity to adjust vaccination 
prevention tactics and implement measures for mopping-up and catch-up immunization of the population against 
measles and mumps, especially in risk age groups.
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Резюме
Введение. Проблема заболеваемости вакциноуправляемыми инфекциями на этапе их элиминации тре-
бует слежения за состоянием популяционного специфического иммунитета с помощью серологического 
мониторинга, являющегося компонентом системы эпидемиологического надзора.
Цель исследования. Изучить эпидемиологические особенности кори, краснухи и эпидемического пароти-
та (ЭП) и оценить уровень их серопревалентности в последнее десятилетие в Москве.
Материалы и методы. Для проведения ретроспективного анализа заболеваемости использовали формы 
федерального статистического наблюдения № 2, № 5 и № 6; данные государственных докладов «О состо-
янии санитарно-эпидемиологического благополучия населения в городе Москве»; официальные сведения 
ЕМИСС за 2012–2023 гг. Образцы сывороток крови (n = 7458) от условно здоровых лиц, стратифицирован-
ных по возрасту, изучены на наличие антител класса G (IgG) к вирусам кори, краснухи и ЭП методом имму-
ноферментного анализа. Статистическую обработку данных осуществляли с помощью программ Microsoft 
Excel и SPSS Statistics v. 27 (IBM).
Результаты. При анализе эпидемиологической ситуации в Москве с 2012 по 2023 г. установлено наличие 
разнонаправленных тенденций: волнообразного роста заболеваемости корью, стабилизации регистрации 
случаев краснухи на спорадическом уровне и неустойчивой заболеваемости ЭП с небольшим трендом  
в сторону увеличения. Определен высокий уровень антител IgG к вирусу краснухи, препятствующий рас-
пространению инфекции среди населения. Сформированный уровень популяционного иммунитета к ЭП не 
позволяет снизить заболеваемость до спорадических случаев. Наблюдаемый тренд роста заболеваемости 
корью в последнее десятилетие может быть объяснен накоплением неиммунных лиц среди населения.
Заключение. Возникшие сложности с достижением целевых уровней охвата вакцинацией во время панде-
мии COVID-19, а также значительная доля серонегативных лиц свидетельствуют о необходимости коррек-
ции тактики вакцинопрофилактики и проведения мер по подчищающей и догоняющей иммунизации населе-
ния в отношении кори и эпидемического паротита, особенно в возрастных группах риска.

Ключевые слова: эпидемический процесс; заболеваемость; корь; краснуха; эпидемический паротит; 
популяционный иммунитет
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Introduction
Global experience in the control of infectious diseas-

es has shown that immunization of the population is one 
of the main means of controlling the epidemic process 
of many infections. In particular, currently controllable 
infections include measles, rubella and mumps, each of 
which in the pre-vaccination period caused significant 
economic damage and was characterized by high mortali-
ty. Established by the World Health Organization (WHO) 
in 1974, the Expanded Program on Immunization (EPI) 
aimed to achieve high preventive vaccination coverage 
and to implement a system of effective epidemiological 
surveillance in participating countries, regardless of their 
geographic location or socioeconomic status1. Over the 
past 50 years, efforts to implement the EPI have saved 
more than 154 million lives worldwide and contributed to 
changing the global health landscape2.

After the introduction of vaccination against measles 
(1967), mumps (1981) and rubella (1997) into Russia’s 
National  Immunization Schedule, the incidence of these 
infections, as well as mortality from them, began to de-
cline systematically. These diseases are traditionally con-
sidered as viral infections with a very similar epidemic 
process and have a number of common characteristics: 
airborne transmission mechanism; low resistance of the 
pathogen in the environment; protective post-infection 
immunity; similar prophylaxis tactics with attenuated 
vaccines, etc. [1]. The WHO Regional Office for Europe 
developed and implemented a strategic program to elim-
inate measles and rubella by 2010, which consisted in in-
terrupting the local spread of infection due to a high level 
of herd immunity, while imported cases and limited out-
breaks may be registered. Achieving and sustaining high 
vaccination coverage with two doses of measles vaccine 
(> 95%) and at least one dose of rubella vaccine was es-
sential for the program’s implementation3.

However, as the number of rubella cases decreased to 
a single case, since 2011, measles incidence has been ris-
ing in many countries of the world, including the Rus-
sian Federation. The extension of the WHO Measles 
and Rubella Elimination Program to 20204, and then 
to 20305 has not made significant changes, and the medi-

cal and social significance of these infections, especially 
measles, remains at a high level [2–4]. In 2023, anoth-
er cyclical rise in measles incidence was observed in the 
Russian Federation. There were 13,083 cases of measles, 
the incidence rate was 8.92 cases per 100,000 popula-
tion, which is 7 times higher than the average annual rate 
(AAR) (AAR – 1.28 per 100,000 population)6. According 
to WHO information, Russia ranked 3rd in the European 
Region in the number of detected measles cases from Ju-
ly 2023 to June 20247.

Most of the works devoted to the problem of morbidi-
ty of vaccine-preventable infections at the stage of their 
elimination are focused on the issues related to the study 
of regularities of the epidemic process development, as 
well as the analysis of the population coverage by pre-
ventive vaccinations according to statistical reporting 
data. Insufficient objectivity in assessing the quality of 
immunoprophylaxis based on documentation alone can 
be associated with a lack of cold chain compliance during 
drug transportation, low effectiveness of vaccines, viola-
tion of immunization schemes, increase in the number of 
vaccination refusals, etc. [5, 6]. In this regard, tracking 
the state of herd and individual specific immunity through 
serologic monitoring, which is a component of the infor-
mation support subsystem of the epidemiologic surveil-
lance system of vaccine prophylaxis, becomes especially 
important in the context of heterogeneity of the vaccina-
ted population [7, 8].

The methodological guidelines for the organization and 
conduct of serological monitoring for the state of herd 
immunity to infections controlled by means of specific 
prophylaxis consider indicator groups of the population8 
to assess the effectiveness of vaccination measures, but 
at the present stage there is a need to examine a wider 
population, in some cases without information on 
vaccination history, because not all (especially adults) 
have vaccination passports, where these data are reliably 
reflected.

The aim of the study was to investigate the 
epidemiological features of measles, rubella and mumps 
and to assess the level of their seroprevalence in the last 
decade, using the example of a large metropolitan area – 
the city of Moscow.

Materials and methods
The material for the retrospective analysis of incidence 

were the federal state statistical observation forms 
No. 2 “Information on Infectious and Parasitic Diseases”, 

150th anniversary of the Expanded Programme on Immunization 
(EPI); 2024. Available at: https://who.int/news-room/events/
detail/2024/01/01/default-calendar/50th-anniversary-of-the-
expanded-programme-on-immunization-(epi)
2Global immunization efforts have saved at least 154 million lives 
over the past 50 years; 2024. Available at: https://www.unicef.org/
eca/press-releases/global-immunization-efforts-have-saved-least-
154-million-lives-over-past-50-years 
3Eliminating measles and rubella and preventing congenital rubella 
infection. WHO European Region strategic plan, 2005–2010.  
Available at: https://who-sandbox.squiz.cloud/__data/assets/pdf_
file/0008/79028/E87772.pdf
4WHO. European Vaccine Action Plan 2015–2020. Copenha-
gen; 2014. Available at: https://apps.who.int/iris/handle/10665/340400 
5WHO. The European Immunization Agenda 2030. Copenha-
gen; 2021. Available at: https://who.int/europe/initiatives/the-euro-
pean-immunization-agenda-2030 

6State Report «On the state of sanitary and epidemiological 
welfare of the population in the Russian Federation in 2023». 
Moscow; 2024. 
7WHO. Measles and rubella monthly update – WHO European Re-
gion – July 2024; 2024. Available at: https://who.int/europe/publica-
tions/m/item/measles-and-rubella-monthly-update---who-european-
region---july-2024
8MU 3.1.2943–11. Organization and conduct of serological 
monitoring of the state of collective immunity to infections controlled 
by means of specific prevention (diphtheria, tetanus, whooping 
cough, measles, rubella, mumps, polio, hepatitis B). Moscow; 2011..
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No. 5 “Information on Preventive Vaccinations”, 
No. 6 “Information on Contingents of Children and Adults 
Vaccinated Against Infectious Diseases”, data from the 
state reports “On the State of Sanitary and Epidemiologic 
Welfare of the Population in the Russian Federation” and 
“On the State of Sanitary and Epidemiologic Welfare 
of the Population in the City of Moscow”, as well as 
from the official reports “On the State of Sanitary and 
Epidemiologic Welfare of the Population in the City of 
Moscow”.

In order to assess herd immunity to various infections 
in Russia, studies were organized with the formation 
of a bank containing 28,395 blood serum samples 
collected from the conditionally healthy population 
without age restriction in the period from 2018 to 
the beginning of 2020. The study was conducted in 
accordance with the principles of the Declaration 
of Helsinki. All participants (donors of blood serum 
samples) gave voluntary informed consent to 
participate in the study. The study was approved by 
the Independent Interdisciplinary Committee for 
Ethical Review of Clinical Trials (Moscow, Russia) 
(permission No. 17 of 16.11.2018). The present study 
describes only the data obtained during the study 
of 7458 blood serum samples obtained in 2019 from 
conditionally healthy donors living in the territory 
of Moscow and the Moscow region for the presence 
of specific antibodies of class G (IgG) to measles, 
rubella and mumps viruses. When assessing the level 
of herd immunity, the subjects were stratified into age 
groups: 0–1 years, 2–5 years, 6–10 years and further 
with a step of 5 years up to 60 years, 60–70 years and 
over 71 years of age. The study was organized and 
conducted in accordance with the methodological 
guidelines for organizing and conducting serological 
monitoring for the state of collective immunity to 
infections controlled by means of specific prophylaxis8. 
Information on vaccination status and history of 
the studied infections was obtained by questioning 
volunteers. Blood serum samples were analyzed by 
enzyme-linked immunosorbent assay (ELISA) using 
domestic test systems VectoCory-IgG, VectoRubella-
IgG and VectoParotitis-IgG (Vector-Best, Russia), 
following the manufacturer’s instructions. According 
to the instructions for use of the test systems, the 
following serum IgG antibody levels were considered 
as positive results: ≥ 0.18 IU/mL for measles, ≥ 10 IU/
mL for rubella, ≥ 29.27 CU/mL for mumps.

Statistical processing of data was performed using Mic-
rosoft Excel and SPSS Statistics ver. 27 (IBM, USA). For 
epidemiologic analysis, absolute and relative incidence 
indices were used with the construction of confidence in-
tervals using the Wilson method. To test the significance 
of differences in results between groups of examined in-
dividuals, the χ2 criterion with Yates correction was used 
when appropriate criteria were available. The association 
coefficient (Ka) was used to analyze the interaction be-
tween binary parameters. Logistic regression models 
were constructed to analyze the interaction of more than 
two parameters with each other. Nagelkerke’s coefficient 

of determination R2 was used to analyze the quality of the 
model.

Results 
Retrospective epidemiological analysis of measles 

incidence in Moscow against the background of high 
vaccination coverage indicates different intensity 
of the epidemic process, which was characterized 
by periodic rises and declines: In the years of rise 
(2018, 2019 and 2023), the adult measles incidence rate 
reached 4.4 and 8.0 and 9.5 per 100,000 population, 
respectively; in the decline years (2016, 2021 and 2022), 
the rate decreased to 0.1, 0 and 0.1 per 100,000 population 
(Fig. 1). In the pediatric population, the variation in 
rates was even greater: 21.2, 24.5 and 54.9 per 100,000 
population in the up years and 0.3, 0 and 0.3 per 100,000 
population in the down years, respectively (Fig. 1). Both 
cohorts showed an increasing trend in incidence, which 
was confirmed by its peak in March 2024.

In connection with the COVID-19 pandemic in Mos-
cow, a wide range of nonspecific prophylaxis and anti-ep-
idemic measures were used, most of which were aimed 
at interrupting aerosol and contact transmission mecha-
nisms [9–11]. Given the commonality of these transmis-
sion mechanisms for many diseases, it can be stated that 
the implementation of restrictive and quarantine measures 
had a positive effect on the reduction of the prevalence of 
all airborne infections. However, the registered decline 
in measles incidence in 2020–2021 is not indicative and 
most likely does not reflect the true characteristics of the 
epidemic process, because during the pandemic period 
there was a lacking diagnosis of infectious diseases asso-
ciated with the overload of the health care system. 

In Moscow, 2023 was characterized by an increase 
in measles incidence rates among both children (54.9 
per 100,000 population) and adults (9.5 per 100,000 
population), and the risk of getting sick with measles in-
fection in children was 5.5 times higher than in adults 
(Fig. 1). Apparently, such a surge in measles incidence 
is associated with the cancellation of quarantine mea-
sures, the accumulation of unvaccinated persons due to 
the reduced activity of vaccination campaigns during the 
pandemic, unjustified medical withdrawals, as well as a 
large influx of labor migrants from neighboring countries 
with unknown vaccination history9. Furthermore, against 
the background of the COVID-19 pandemic, anti-vaccine 
sentiments have intensified worldwide, including in Rus-
sia [4].

The age structure of measles cases in children and 
adults during the study period was heterogeneous. Thus, 
in 2013, the ratio of the shares of children from 0 to 17 years 
of age and adults who became ill was 34.3% vs. 65.7%, 
and in 2017 – 66.4% vs. 33.6%, respectively (Fig. 2). 
In 2023, no statistically significant differences were found 
between the proportion of sick children and adults (53.8% 
and 46.2%). According to official statistics, the WHO tar-

9State report «On the state of sanitary and epidemiological 
welfare of the population in the city of Moscow in 2023». 
Moscow; 2024.
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gets for coverage of the country’s population with preven-
tive vaccinations against measles have been successfully 
achieved and maintained at the level of at least 90% of the 
adult population and 95% of the child population6. At the 
same time, measles morbidity is determined by unvacci-
nated persons. It was noted that 92.5% (n = 2076) of all 
reported measles cases either did not have information on 
vaccination or were not reliably vaccinated in accordance 
with the national immunization schedule9.

Unlike measles, the dynamics of rubella morbidity 
in Moscow until 2016 had a steady downward trend, 
which can be described by an exponential trend, and in 
recent years the incidence rate has remained at the same 
level – 0.02 per 100,000 population (Fig. 3), which is due 
to the improvement of epidemiological surveillance and 
control of this infection. At the same time, due to the high 
incidence of rubella in the late 1990s and early 2000s, 
the proportion of the population with post-infection 
immunity, which is more pronounced and persistent 
compared to post-vaccination immunity, remains in the 
population [12]. It should also be taken into account that 
a lower level of immunity is sufficient to limit the spread 
of rubella than measles, which is associated with a lower 
reproduction number for this infection.

The incidence of mumps in Moscow has a stable 
sporadic character, but during the pandemic period caused 
by coronavirus infection, there was also a decrease in 
the number of registered cases of infection, which may 

have been caused by insufficient statistical recording 
of the diseased. In 2023, an increase in the incidence 
of epidemic mumps (67 cases; incidence rate 0.53 
per 100,000 population) was observed in Moscow, which 
is 2.7 times higher than in 2022 (25 cases; incidence 
rate 0.20 per 100,000 population) and 2.9 times higher 
than in 2021 (23 cases; incidence rate 0.18 per 100,000 
population)9.

Despite the importance of official statistics on incidence 
and documented immunization, they do not answer the 
main question: what is the actual protection of different 
age and social groups of the population against a particu-
lar infection? Due to possible violations of immunization 
schemes, lack of cold chain compliance during transpor-
tation and storage of vaccines, the presence in the popu-
lation of persons who are not capable of producing a full 
immune response (non-responders), and other reasons 
[5, 7, 13–15], an objective assessment of the effective-
ness of mass vaccination can be obtained only on the ba-
sis of serological data. Dynamic monitoring for the state 
of immunity of the population to infections controlled by 
means of specific prophylaxis makes it possible to timely 
identify signs of epidemiological disadvantage, indicat-
ing the beginning of the intensification of the epidemic 
process. Forecast of further development of the situation 
for each of the observed infections is considered unsatis-
factory if there is a tendency to increase the proportion of 
seronegative persons and exceed its permissible level [8].

Fig. 1. Measles incidence rates (per 100,000 population) in Moscow in 2012–2023 among adults and children. 
The red dotted line shows the trend in incidence among the child population, and the black dotted line shows the trend in incidence among adults.

Рис. 1. Показатели заболеваемость корью (на 100 тыс. населения) в Москве в период с 2012 по 2023 г. среди взрослых и детей. 
Красная пунктирная линия отображает тренд среди детского населения, а черная пунктирная линия – тренд заболеваемости взрослых. 
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Fig. 2. Proportion of adults among measles patients in Moscow in 2012–2023.
Рис. 2. Доли взрослых среди заболевших корью в г. Москве в 2012–2023 гг.

Fig. 3. Rubella incidence rates (per 100,000 population) in Moscow in 2012–2023. 
The black dotted line shows the logarithmic trend line. 

Рис. 3. Показатели заболеваемость краснухой (на 100 тыс. населения) в Москве в период с 2012 по 2023 г. 
Черным пунктиром показана логарифмическая линия тренда.

In order to ensure herd immunity against measles, rubella, 
mumps sufficient to prevent the spread of infection among 
the population, the immunization coverage of the population 
in the territory of the municipality should be as follows:

– vaccination and revaccination of at least 95% of chil-
dren at the decreed ages against measles, rubella, mumps; 

– at least 90% of women 18–25 years of age are immu-
nized against rubella; 

– at least 90% of adults 18–35 years of age are immu-
nized against measles; 

– no less than 90% of persons in decreed professions 18–
55 years of age are immunized against measles10.

10SanPiN 3.3686–21. Sanitary and epidemiological requirements for 
the prevention of infectious diseases. Мoscow; 2021. 
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The relevance of population studies of various aspects 
of infectious pathology became the basis for the formation 
of a passport-verified collection of blood serum samples 
in the N.F. Gamaleya NRCEM. The use of the materials 
of the blood serum bank allows for large-scale scientific 
studies that significantly expand the understanding of 
the peculiarities of epidemiological processes of many 
infections [16–19]. In the framework of this study, 
serologic examination of more than 7000 blood serum 
samples obtained in 2019 from the conditionally healthy 
population living in Moscow and the Moscow region for 
the presence of specific antibodies to measles, rubella, 
and mumps viruses was performed. The choice of the 
time point was due to the fact that 2019 was the year 
preceding the beginning of the coronavirus pandemic 
and was also characterized by the maximum incidence of 
measles. In assessing the level of immunity, the subjects 
were stratified into age groups: 0–1 years, 2–5 years, 6–10 
years and further in 5-year increments up to 60 years, 60–
70 years and over 71 years of age. According to the 
questionnaires, data on presence/absence of vaccination 
were reported by 6829 individuals (91.6%), and data on 
the presence or absence of the history of disease were 
known for 6833 individuals (91.6%).

Since the study used questionnaire data to collect 
vaccination and infection history, not always the 
corresponding antibodies were detected in the serologic 
reactions of the examined persons who had information 
about encounters with measles, rubella or mumps 
pathogens (Fig. 4). The presence of data on the vaccine 
series and date of vaccination, as well as on the diagnosis 
of the disease and date of its diagnosis, is a reliable 
confirmation of vaccination and infection history. 
However, medical records with this information are 
not always available to the public. Nevertheless, data 
collection through questionnaires makes it possible to 
clarify the attitude of those surveyed to vaccination and 
indirectly estimate vaccination coverage in addition to 
official statistics. 

Among those participants who reported a history of 
measles vaccination, 72.1% (95% CI 70.58–73.59%) had 
antibodies, and among those who did not indicate their 
vaccination status (i.e., did not have reliable information 
about it or did not wish to respond), 63.5% (95% CI 61.88–
65.1%) had antibodies. Questionnaire data were most 
consistent with serologic findings in the 16–20 age group. 
Thus, 86.8% (95% CI 83.69–89.62%) of volunteers in this 
group who reported a history of measles had antibodies to 
the pathogen, while only 65.7% (95% CI 64.53–66.86%) 
of those who did not report the disease. A moderate 
correlation between vaccine history and antibody 
presence was found in the group of younger individuals 
(under 31 years of age) (Ka = 0.345, p < 0.001), and a 
weak correlation was found between antibody presence 
and information on past infection (Ka = 0.224, p < 0.001). 
In the group of individuals older than 31 years of age, 
there was a significant association between knowledge 
of past infection and antibody presence (Ka = 0.558,  
p < 0.001). No statistically significant association was 
found between vaccination history and antibody presence. 

According to the logistic regression model, parameters 
such as age, infection and vaccination history explained 
only 9.1% of the antibody presence data (Nagelkerke’s 
R2 = 0.091, p < 0.001). Data on past infection appear to be 
poorly informative for predicting the level of immunity 
to measles. A similar situation was observed for rubella 
and mumps. According to the logistic regression model, 
parameters such as age, history and vaccination history 
explained only 11.0% of the data for antibodies to rubella 
virus (Nagelkerke’s R2 = 0.110, p < 0.001) and 6.5% for 
mumps virus (Nagelkerke’s R2 = 0.065, p < 0.001).

With increasing age, there is a convergence of the graphs 
of the proportion of seropositive individuals, which can 
be explained either by an increase in the proportion of 
incorrect information about the vaccination performed, or 
by the history of infection, including asymptomatic form.

Analysis of the vaccination history of the surveyed 
persons with regard to measles showed that among 
children, 33 to 41% of respondents considered 
themselves unvaccinated (at the same time, for children 
under 14 years of age, in accordance with the conditions 
of participation in the study, the questionnaires were 
filled out by their parents or guardians). Among adults, 
the share of such persons was higher and reached 58% in 
the group of 56–60 years old. It should be noted that 
the above age group and persons older than this age 
were born before the start of mass vaccine prophylaxis 
in the 60s, which explains the obtained data on vaccine 
history. With regard to rubella and mumps, a comparable 
proportion of the surveyed persons considered themselves 
unvaccinated (no statistically significant differences were 
found, p > 0.05) (Table). 

There were differences in the distribution of individuals 
seropositive to the studied infections in different age groups. 
On average, 67.38% (95% CI 66.31–68.44%) of subjects 
were immune to measles virus, 90.65% (95% CI 89.98–
91.3%) to rubella virus, and 75.25% (95% CI 74.24–
76.24%) to mumps (Fig. 5). At the same time, the proportion 
of persons immune to all three infections was lowest in the 
age group up to 24 months and did not exceed 50% of those 
examined, which can be explained by vaccination against 
the three infections under study at the age of 12 months. It is 
likely that not all children in this age group had received the 
appropriate vaccine at the time of the study.

Nevertheless, in the age group 6–10 years, more 
than 90% of children should have received at least one 
dose of vaccine according to official statistical reporting 
on vaccination coverage in the decreed age groups. 
According to the data obtained, only 61.34% (95% 
CI 55.46–67.06%) of the examined individuals in this 
age group had specific IgG antibodies. The proportions 
immune to mumps and rubella viruses were 68.05% (95% 
CI 62.33–73.5%) and 76.58% (95% CI 71.34–81.44%), 
respectively.

Of note is the decreased rate of increase in the proportion 
of seropositive individuals in the group 31 to 35 years of 
age (31 years to 40 years of age in the case of mumps). 
Only 63.26% (95% CI 60.84–65.66%), 88.69% (95% 
CI 87.05–90.22%) and 70.85% (95% CI 68.49–73.15%) 
were immune, respectively. 
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Fig. 4. The proportion of seropositive persons to measles (a), rubella (b), mumps (c), depending on the vaccination status according to the 
questionnaire data in various age groups surveyed in 2019.

Рис. 4. Доля серопозитивных лиц к кори (а), краснухе (б), ЭП (в) в зависимости от вакцинального статуса согласно анкетным дан-
ным в разных возрастных группах лиц, обследованных в 2019 г. 

a/a

б/b

в/с
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Among those under 50 years of age, the proportion of 
persons immune to the three infections under study was 
similar, with the lowest proportion immune to measles and 
the highest to rubella. Above this age, the situation began 
to change somewhat – measles and rubella had almost the 
same proportion of immune persons, approaching 100%, 
while the proportion of immune persons to mumps was 
lower and reached 90% only in the oldest age group.

Discussion
The analysis of the epidemiological situation of measles, 

rubella and mumps in Moscow from 2012 to 2023 has al-
lowed to establish the presence of multidirectional trends, 
despite the fact that all these infections are included in 
a single unified system of epidemiological surveillance, 
and effective attenuated vaccines of stable antigenic com-
position administered to children at the age of 12 months 
and 6 years are used for their prevention. Furthermore, 

according to official statistical reports, vaccination cov-
erage for the three infections is more than 90% among 
adults and 95% among children. However, the epidem-
ic process of these infections to date is different and is 
objectively manifested by a wave-like increase in mea-
sles incidence, stabilization of rubella case registration at 
a sporadic level and unstable incidence of mumps with 
a slight tendency to increase over the last 3 years9. The 
results of serologic studies of the prevalence of specific 
IgG antibodies in different age groups of the population 
of Moscow city and Moscow region among persons with 
different vaccination and infection history corresponded 
to the age structure of incidence for each of the three in-
fections under study. 

It should be taken into account that the vaccination 
and infection history collected from the words of the ex-
amined persons, without documentary confirmation, has 
limited scientific significance and in older age groups 

Table. Distribution of persons with different vaccination history (based on the survey) in the age groups of the examined persons 
Таблица. Распределение лиц с разным вакцинальным анамнезом (на основе опроса) в возрастных группах обследованных лиц

Age group, 
years

Возрастная  
группа, лет

Vaccination status (based  
on the survey: vaccinated – «+»; 

not vaccinated – «−»)
Вакцинальный статус  

(на основе опроса:  
привит – «+»; не привит – «−»)

Measles
Корь

Rubella
Краснуха

Mumps
Эпидемический паротит

abs.
абс. % (95% CI / ДИ) abs.

абс. % (95% CI / ДИ) abs.
абс. % (95%  CI / ДИ)

0–1 
 – 15 39.47 (25.17–55.32) 17 44.74 (29.8–60.44) 19 50 (34.59–65.41%)
+ 23 60.53 (44.68–74.83) 21 55.26 (39.56–70.2) 19 50.00 (34.59–65.41)

2–5
– 68 33.01 (26.86–39.63) 78 37.86 (31.45–44.62) 77 38.89 (32.30–45.80)
+ 138 66.99 (60.37–73.14) 128 62.14 (55.38–68.55) 121 61.11 (54.20–67.70)

6–10
 – 80 34.04 (28.21–40.27) 87 37.02 (31.04–43.32) 101 43.53 (37.27–49.96)
+ 155 65.96 (59.73–71.79) 148 62.98 (56.68–68.96) 131 56.47 (50.04–62.73)

11–15
– 69 41.82 (34.49–49.43) 78 47.27 (39.76–54.88) 88 54.66 (46.94–62.21)
+ 96 58.18 (50.57–65.51) 87 52.73 (45.12–60.24) 73 45.34 (37.79–53.06)

16–20
– 114 43.68 (37.76–49.74) 168 64.37 (58.42–69.99) 181 74.79 (69.05–79.95)
+ 147 56.32 (50.26–62.24) 93 35.63 (30.01–41.58) 61 25.21 (20.05–30.95)

21–25
– 367 44.00 (40.66–47.39) 496 59.47 (56.11–62.77) 600 76.24 (73.17–79.11)
+ 467 56.00 (52.61–59.34) 338 40.53 (37.23–43.89) 187 23.76 (20.89–26.83)

26–30
– 633 50.36 (47.60–53.12) 817 65.00 (62.33–67.60) 919 77.75 (75.31–80.05)
+ 624 49.64 (46.88–52.40) 440 35.00 (32.40–37.67) 263 22.25 (19.95–24.69)

31–35
– 773 54.47 (51.88–57.05) 946 66.67 (64.18–69.08) 1044 77.68 (75.39–79.84)
+ 646 45.53 (42.95–48.12) 473 33.33 (30.92–35.82) 300 22.32 (20.16–24.61)

36–40
– 506 53.89 (50.69–57.06) 659 70.18 (67.20–73.04) 705 79.30 (76.55–81.87)
+ 433 46.11 (42.94–49.31) 279 29.74 (26.88–32.73) 184 20.70 (18.13–23.45)

41–45
– 297 53.80 (49.63–57.93) 402 72.83 (69.00–76.41) 437 82.14 (78.72–85.22)
+ 255 46.20 (42.07–50.37) 150 27.17 (23.59–31.00) 95 17.86 (14.78–21.28)

46–50 
– 154 50.33 (44.74–55.90) 228 74.51 (69.41–79.15) 241 81.97 (77.28–86.04)
+ 152 49.67 (44.10–55.26) 78 25.49 (20.85–30.59) 53 18.03 (13.96–22.72)

51–55
– 127 55.46 (48.99–61.79) 179 78.17 (72.48–83.14) 185 83.71 (78.42–88.13)
+ 102 44.54 (38.21–51.01) 50 21.83 (16.86–27.52) 36 16.29 (11.87–21.58)

56–60
– 111 58.73 (51.62–65.57) 147 77.78 (71.46–83.25) 150 82.87 (76.89–87.82)
+ 78 41.27 (34.43–48.38) 42 22.22 (16.75–28.54) 31 17.13 (12.18–23.11)

61–70
– 95 55.56 (48.07–62.86) 140 81.87 (75.59–87.09) 149 88.17 (82.66–92.38)
+ 76 44.44 (37.14–51.93) 31 18.13 (12.91–24.41) 20 11.83 (7.62–17.34)

71 and older
71 и старше

– 18 64.29 (45.84–79.94) 25 89.29 (74.09–96.89) 25 89.29 (74.09–96.89)
+ 10 35.71 (20.06–54.16) 3 10.71 (3.11–25.91) 3 10.71 (3.11–25.91)

Total
Итого

– 3427 50.18 (49.00–51.37) 4467 65.42 (64.29–66.54) 4921 75.73 (74.68–76.76)
+ 3402 49.82 (49.63–51.00) 2361 34.58 (33.46–35.71) 1577 24.27 (23.24–25.32)
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Fig. 5. Distribution of persons seropositive to measles, rubella, and mumps viruses among different age groups surveyed in 2019.
Рис. 5. Распределение серопозитивных лиц к вирусам кори, краснухи и ЭП среди разных возрастных групп, обследованных в 2019 г.

may be unreliable due to natural reasons. Nevertheless, 
in pediatric and young adult populations, its collection 
is preferable, as information on the encounter with the 
pathogen is stored in modern electronic medical records 
and vaccination certificates, which are available for re-
view by the persons involved in the study. It is important 
that up to 40% of the surveyed children were not immu-
nized, according to their legal representatives, which can 
largely explain the identified significant proportions of 
non-immunized persons among them and indicates a high 
prevalence of anti-vaccination beliefs among the popula-
tion [2, 5, 6]. In the survey of the child population, vacci-
nation of which is a significant issue for their legal repre-
sentatives who filled in the questionnaire of our study, it 
was shown that anamnestic data have the greatest reliabil-
ity (confirmed serologically) and can indirectly be used 
to estimate vaccination coverage. Taking into account the 
fact that the timing of vaccine administration for the pre-
vention of all three infections under study is the same, 
combined vaccines have been developed and are avail-
able for use, the differences in the proportion of persons 
immune to pathogens can be explained by the different 
immunologic efficacy of the respective vaccines. In age 
groups older than 56 years, vaccine history was not of 
high value for the study, since herd immunity in them is 
determined by childhood infection, when the prevalence 
of measles, rubella, and mumps was many times high-
er than today, and mass vaccination was not carried out. 
Furthermore, serologic data in this age group illustrate 
that the persistence of IgG antibodies after measles and 
rubella infection practically does not differ and is close 
to 100%.

It is shown that the formed high level of herd immunity 
to rubella virus currently prevents the spread of infection 
among the population. These data are consistent with our 
earlier results on the assessment of immunologic suscep-

tibility of the metropolitan population [7]. At the same 
time, it should be noted that the contribution of vaccina-
tion to the formation of population immunity is limited to 
the pediatric population, while adults were born before 
the mass application of the vaccine and are immune due 
to the transferred infection.

With regard to mumps, the epidemic situation is rela-
tively favorable, but the formed level of herd immunity 
does not allow to reduce the incidence to a stable spo-
radic level. It was found that among the child population 
under 16 years of age, the proportion of immune persons 
in 2019 was less than 80%, obviously this contributes to 
the accumulation of non-immune persons in the popu-
lation and threatens, if this trend continues, to manifest 
itself in a further increase in morbidity. This is also con-
firmed by the data of epidemiologic analysis on a slight 
increase in incidence in 2021–2023. The results obtained 
indicate the need to carry out preventive measures for 
vaccination of the population not covered earlier.

The observed trend of measles incidence growth in 
the last decade can be explained by the accumulation of 
non-immune individuals among young and child popu-
lation, which is convincingly shown by the results of the 
study. The unfavorable trend towards an increase in the 
proportion of seronegative individuals among different 
population groups has been shown by many authors who 
have screened the prevalence of specific IgG antibodies 
in Russia and Europe [3, 20–23]. The obtained data of 
the serologic study on the presence of a significant pro-
portion of non-immune individuals among children and 
young adults in 2019 indicate a high risk of increased 
incidence in the future. Thus, among the examined chil-
dren, the proportion of seropositive individuals was max-
imum in the groups of children 6–10 and 11–15 years of 
age and amounted to only 61.3%. This risk was realized 
at the end of the COVID-19 pandemic in 2023, when in 
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Moscow the measles incidence rates among both children 
(54.9 per 100,000 population) and adults (9.5 per 100,000 
population) exceeded the values of 2019 (25.9 and 11.1 
per 100,000 population, respectively) and became the 
highest for the study period from 2012 to 2023. At the 
same time, the risk of getting measles in children was 5.5 
times higher than in adults.

Similar alarming data are confirmed by foreign experts 
who note slow recovery rates of coverage of routine vac-
cinations against measles, rubella and other vaccine-pre-
ventable infections as a result of the COVID-19 pandem-
ic. According to WHO and UNICEF, the incidence in the 
European Region continues to grow and the number of 
measles cases reported in 2024 will soon exceed the total 
for the entirety of 202311,12.

Conclusion
Based on the results of this study, the significance 

of serologic studies for determining the risks of 
infectious disease spread among the population has been 
convincingly demonstrated. It was shown that the level of 
herd immunity to rubella (90.65% (95% CI 89.98–91.3%)) 
allows to practically stop the spread of this infection. 
With regard to mumps, 75.25% (95% CI 74.24–76.24%) 
of the examined persons were immune, which seems to 
be a condition for the observed decrease in the incidence 
of the disease in the territory of Moscow. Nevertheless, 
there is a risk of accumulation of the proportion of non-
immune individuals in the future, which is fraught with 
an increase in case registration. The current unfavorable 
epidemiological situation with measles is largely 
determined by the presence of cohorts of non-immune 
persons among children and young adults (the share of 
immune persons was about 60%), which is manifested 
by the maximum incidence rates in these groups among 
the entire population. The currently formed level of 
herd immunity does not allow preventing the wave-like 
increase in incidence registered in recent years. 

Due to active migration processes in the metropolitan 
area, as well as difficulties in achieving the target levels 
of vaccination coverage during the COVID-19 pandemic, 
it is necessary to adjust the vaccine prophylaxis tactics 
and to carry out measures for mopping up and catch-up 
immunization of the population with regard to measles 
and mumps, especially in the age groups at risk.
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