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Introduction. The comprehensive assessment of the herd immunity to measles in Russia can be challenging,
as Russian subject-related studies tend to focus on seroprevalence in various cohorts of different sizes. The
systematic review and subsequent meta-analysis of different research findings increase the total number of
observations and statistical significance of the studies, thus enhancing the reliability of conclusions.

The purpose of the study is to assess the status of herd immunity to measles in Russia by analyzing the findings
of studies published by Russian researchers.

Materials and methods. The conducted systematic review and meta-analysis covered 13 Russian studies (the
total number of the examined was 15,353, from birth to 79 years of age) published in 2011-2020 and addressing
the assessment of herd immunity to measles in population of different regions in Russia.

Results. It was found that the principal approach in all the studies was assessment of herd immunity through
examination of adult people, including healthcare workers, with no regard for their vaccination history. The
proportion of seronegative cases among young people (18-30 years) — 27.3% (95% CIl 25.7-27.3%) and among
children under 17 — 38.3% (95% CI 35.8-40.8%), who were born after the two-time vaccination had been
included in the National Immunization Calendar, was larger than in older age groups — 19.8% (95% CI 17.8—
21.8%). The level of herd immunity among healthcare workers representing a decreed group — 84.5% (95% CI
83.7-85.3%) was higher than that of relatively healthy population — 75.4% (95% CIl 74.1-76.6%), which can be
explained by stricter vaccination requirements.

Conclusion. The high proportion of seronegative cases among children and young adults of under 30 years
of age is a risk factor associated with measles spread among the population and can be seen as the result of
insufficient vaccination coverage.
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CocTosaHMe NonynAaALMOHHOro MMMYHUTETa K Kopu B Poccun:
cucTtemaTnyeckuin 063op n metaaHanns ANMAEMNONOrNYECKNX
nccnegoBaHnNn

Ho3ppaueBa A.B.”, CemeHeHKo T.A.

OIbY «HauyroHanbHbIN ccnegoBaTeNbCKUN LIEHTP SNUAEMUONOTN 1 MUKPOOUONOrN UMEHM MOYETHOrO akageMunKa
H.®. lamanewn», 123098, MockBa, Poccusa

BBepeHue. KomnnekcHas oLeHka COCTOSIHMS NONYNALMOHHOIO MMMYyHUTETa HaceneHns Poccum Kk kopu 3atpya-
HeHa, T.K. OTe4eCTBeHHble paboTbl NO yKasaHHON TemaTuke, Kak NpaBuio, OrpaHNYeHbl U3yYeHnem cepornpesa-
NEHTHOCTW B OTAENbHbIX rPpynnax pasHon uncneHHoctn. Cuctemartumyecknii 063op 1 nocnegyowui MeTaaHanus
pe3ynsraTtoB paboT pa3HbiX aBTOPOB MO3BONSAIOT YBENUYMTL 06U 0ObeM HabNaeHNN N CTAaTUCTUYECKYHO 3Ha-
YMMOCTb UCCMEeA0BaHNN, YTO NOBLILLAET JOCTOBEPHOCTb BbIBOAOB.

Llenb paboTbl — OLEeHKa COCTOSHMSA MOMNYNALUMOHHOIO MMMYHUTETa HaceneHus Poccum K KOpyM Ha OCHOBaHUM
aHanusa pesynbraTtoB onybnmnKkoBaHHbIX Hay4YHbIX PaboT OTeYeCTBEHHbIX aBTOPOB.
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MaTtepuanbl n metogbl. [poBeaeH cuctematmyeckuin 0630p 1 meTaaHanma pesynsratoB 13 OTeYECTBEHHbIX
Hay4HbIX paboT (o6cneposaHo 15 353 nuua B Bo3pacTe OT poxaeHust 4o 79 net), onybnmMKoBaHHbIX B Nepuog
2011 no 2020 r. 1 NOCBSALLEHHbIX OLEHKE COCTOSHUSA NONYSSALUOHHOTO MMMYHUTETA K KOPW Y HaceneHnst pasHbixX
pernoHoB Poccun.

Pe3ynbrartbl. YCTAHOBMNEHO, YTO NPY NPOBEAEHWUN UCCNEA0BaHUA OCHOBHBIM MOAXOA0M K OLIEHKE MOMynsiLMOoH-
HOrO MMMYHUTETA ABMSIETCA 00CneqoBaHNE B3POCHbIX L, B TOM YMCIe MEQULMHCKMX paboTHUKOB, 6e3 yyeTa
NPMBUBOYHOIO aHaMHe3a. [lons cepoHeratuBHbIX cpeau nuu monoaoro BospacTta (18-30 net) — 27,3% (95% OU
25,7-27,3%) v petert oo 17 net — 38,3% (95% AW 35,8—-40,8%), poavBLUMXCSt NOCNE BBEAEHWS OBYKPATHOTO pe-
Xnma BakumHauum B HaumoHanbHbIN KaneHaapb NpodunakTuiecknx NnpuBuBOK, bbina 6onblue, 4YeM B cTapLumnx
BO3pacTHbIX rpynnax — 19,8% (95% AW 17,8-21,8%). YpoBeHb KONNEKTUBHOIO UMMYHUTETA Y MEANLMHCKUX pa-
OOTHUKOB Kak AeKPEeTMPOBaHHOIO KOHTUHreHTa — 84,5% (95% AW 83,7-85,3%) — okasarncs Bbille, Yem cpeaum
YCINOBHO 300pOBOro Hacenenns — 75,4% (95% O 74,1-76,6%), 4To cBsA3aHo ¢ 6onee XecTkummn TpedoBaHMAMM
K NPOBEAEHMIO BaKLMHALMN.

3akntoueHue. Hannune 3HaunTeNbHOM 4O CepoHeraTUBHbIX UL, CPean AeTen n Mmonoablx B3pocnbix 4o 30 net
B npegenax, nokasaHHbIX B pabote, aBnseTcs hakTopoM pucka pacnpoCTpaHeHnst BUpyca Kopu cpeam Hacere-
HUS 1 MOXET ObITb CIeACTBMEM HEOOCTAaTOMHOIO OXBaTa BakLMHaLMeNn.

Knrouesnbie crioea: I'IOI'Iy]'IFIuUOHHbIlj UmMMyHUmMem, Kopb, cucmemamuyeckul O630p,' MemaaHarsnus.

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSIOT 06 OTCYTCTBUM (PUHAHCUPOBAHWS MPU NPOBEAEHWN UcChe-

[oBaHuA.

Kongpriukm uHmepecos. ABTOpbI AEKNApUPYIOT OTCYTCTBUE SBHbLIX U NOTEHLManbHbIX KOHMUMKTOB MHTepe-
COB, CBSI3aHHbIX C MNybnunkaumen HacTosLwen cTaTbu.

Ansi yumupoeaHus: Hosgpadyesa A.B., CemeHeHko T.A. CocTosiHne nonynsiLuMOHHOIO MIMMYHUTETA K KOpU B
Poccuu: cuctematunyeckuin 0630p u MeTaaHan13 anvaeMmonornyeckmx ncenegosanuin. XXypHan mukpobuonoauu,
anudemuorioauu u ummyHobuomnoauu. 2020; 97(5): 445-456.
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Introduction

Prevention and control of infectious diseases, in-
cluding vaccine-preventable diseases, remain critically
important. Prior to immunization, measles was a com-
mon disease among children under six years of age,
who accounted for 80% of measles cases. According
to the World Health Organization (WHO), major mea-
sles epidemics occurred every 2—3 years and measles
caused an estimated 2.6 million deaths each year [1, 2].

After the vaccination against measles had been
included in Russia’s National Immunization Calendar
(1968), the measles-related morbidity and mortality
rates went steadily down [3—5]. The successful imple-
mentation of mass immunization against measles re-
sulted in establishing a high level of herd (or commu-
nity) immunity (HI) through the increased proportion
of individuals immune to the infection after being vac-
cinated [6, 7]. HI is acquired specific protection of the
population; it is a totality of naturally acquired and vac-
cine-based immunity of individuals of the population
[8, 9]. The fact that measles can be eliminated through
vaccination of the population was backed up by theo-
retical studies as well as by fundamental changes in its
epidemic behavior, thus encouraging WHO to declare
the Measles Elimination Program targeting at measles
eradication in five regions of the world by 2010 [10,
11]. In the meantime, the changing (weakening) herd
immune protection of the population is one of the main
factors increasing the risk of measles spread in future
[12-14].

The importance of assessment of measles-rela-
ted HI as the principal factor preventing the infection
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spread is driven by the need to resolve the controversy
occurring in the present-day infection-related epidemi-
ological situation. Along with high rates of vaccination
coverage (more than 90%), since 2010 measles resur-
gence has been reported in many countries worldwide
(in North and South America, Africa, and Europe), in-
cluding Russia and post-Soviet countries. Despite im-
plementation of extensive additional preventive mea-
sures, including vaccination of the previously unvacci-
nated population, the measles incidence rates continued
to rise in 2019 [15].

HI assessment employs serological surveillance
laboratory methods to estimate the proportion of in-
dividuals who are seronegative (non-immune) and se-
ropositive (immune) to a certain pathogen [16]. The
group of examined people is divided into those who are
seronegative and seropositive to the measles virus. The
division is based on the results of the individual sero-
logical examination and their conformity/non-confor-
mity to the threshold levels specified by manufacturers
of test systems used in laboratory diagnostics'.

Thus, seroepidemiological studies are an efficient
tool for assessment of risk associated with spread of
infectious diseases and for monitoring of the effec-
tiveness of specific preventive programs. The scien-
tific value and practical significance of such studies

I MU 3.1.2943-11 Organizing and conducting of serological
monitoring of the herd immunity to infections controllable by
means of specific prevention (diphtheria, tetanus, whooping
cough, measles, rubella, mumps, polio, hepatitis B) (adopted on
15/7/2011). URL: http://docs.cntd.ru/document/1200088401
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1. Electronic research library
2. Archives of Russian journal issues on epidemiology (manual retrieval)
3. Bibliographies from published articles meeting the continuity criteria

70 publications <

Keyword search: herd immunity,
community immunity

Search of studies conducted in
2011-2020, employing the serological
method and presenting >

55 publications

min 80 samples

13 publications <

Search of publications addressing
measles-related issues

The protocol of collection of research studies addressing assessment of the population’s herd immunity to the measles virus
(the criteria for study entry are italicized).

are universally recognized. An increasing number of
studies addressing the population’s HI to preventable
infections involve screening assays based on materials
of national serum banks [17—19]. This approach makes
it possible to create a representative sample of a suffi-
cient size and, thus, to achieve the adequate statistical
reliability of the research results. At present, the com-
prehensive assessment of HI of the Russian population
poses a challenge, as subject-specific Russian studies
are generally limited to individual groups characterized
by certain epidemiological significance. For example,
healthcare workers (HCWs) are a risk group in terms
of many infections, including measles. Therefore, the
vaccination requirements applicable to them are signifi-
cantly stricter (according to the National Immunization
Calendar, all individuals belonging to this professional
group and being under 55 years of age must be vacci-
nated against measles?).

Another risk group in terms of infection includes
hospital patients who can be a source of infection for
HCWs and can be involved in the measles epidemic
process after their contact with a diseased HCW. Fur-
thermore, in some cases, chronic diseases can result in
contraindications to vaccination against measles and
may aggravate the disease caused by infection. Thus,
the examination and evaluation of the herd immunity
of HCWs and inpatients helps assess the risk associated
with the spread of nosocomial measles.

Pregnant women and infants under one year of age,
i.e. younger than the age at which routing MMR vacci-
nation is recommended, fall into higher risk groups, as
they may develop measles-induced complications. The

2 The Decree of the Ministry of Health of the Russian Federation,
dated 21/3/2014, No. 125n "On adoption of the national immu-
nization calendar and the epidemic-related preventive vaccina-
tion calendar." URL: http://docs.cntd.ru/document/499086215

assessment of herd immunity in these groups makes
it possible to measure the risk of increased incidence
rates among infants.

However, the HI assessment is not limited to ex-
amination of risk groups and should include evaluation
of immunological protection in different age groups
of the relatively healthy population (RHP). Note that
the reliability of serological studies tends to increase
with higher coverage of the population across different
groups and larger numbers of the examined, which is
a difficult task for research groups. In this regard, the
systematic review and the subsequent meta-analysis of
different research findings are instrumental in increas-
ing the total number of observations, statistical power
of the studies, and, consequently, reliability of the as-
sessment [20, 21].

The purpose of the study is assessment of meas-
les-related HI of the Russian population by analyzing
the results of published studies conducted by Russian
researchers.

Materials and methods

The systematic review included only Russian
studies addressing assessment of measles-related HI of
the Russian population and was performed in compli-
ance with the protocol outlining the sequence of opera-
tions required for data collection (Figure).

The primary search of published studies was con-
ducted by key words (herd immunity, community im-
munity) from 26/4/2020 to 30/4/2020 in accordance
with the following strategies:

* at the electronic research library;

* through manual retrieval at archiving sites for
Russian journal issues on epidemiology (Jour-
nal of Microbiology, Epidemiology and Immu-
nobiology, Epidemiology and Preventive Vacci-
nation, Epidemiology and Infectious Diseases.
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Current Issues, Infection and Immunity, Bulletin
of the Russian Academy of Sciences);

* through bibliographies in published articles

meeting the continuity criteria.

After duplicates had been removed, the source list
of research articles included 70 subject-related publica-
tions. The task of the next stage was to remove publica-
tions that did not meet the study entry criteria listed in
the Figure. The final list contained 13 research articles
[26-38] addressing assessment of HI to the measles vi-
rus and based on studies using the serological method;
the articles were published in 2011-2020.

Studies were conducted among residents of the
following territories: Moscow, St. Petersburg, Republic
of Tatarstan, Republic of Buryatia, Petrozavodsk, Sa-
mara, Perm, and Tver Region.

During the next stage of the study, all the relevant
information about the design and groups of the exam-
ined was summarized in Table 1. A total of 13 studies
were conducted and the total number of the examined
was 15,353 individuals, from birth to 79 years. The
smallest number of participants in the study was 80
people, while the largest number was 4,444 people.

The research articles were used to retrieve data on
specific approaches and criteria for selection of individ-
uals in conducting serological studies as well as data on
percentage distribution of seronegative individuals in
different age groups of the population. The data were
summarized and analyzed by using a meta-analysis.

Methods of elimination of biased data
during the meta-analysis

To prevent publication bias (some results that do
not have, in researchers’ opinion, any scientific value
or statistical significance are not included in the Study
Results section), the research articles were thoroughly
studied to retrieve only the information that was pres-
ent in each article. To exclude any biased representation
and data omission (for example, if there are different
criteria for dividing the examined into age groups), the
missing information was regained through mathemati-
cal calculations based on the source variables given in
the Materials and Methods section.

Thus, the following variables were used in the me-
ta-analysis:

* the age of the examined;

* the data on their previous vaccination against

measles;

* the distribution of seronegative and seropositive

individuals in the groups.

Criteria for summarizing data

The results presented in research articles were
consistent both methodologically (estimating the per-
centage distribution of seronegative and seropositive
cases among the examined individuals) and statistically
(presented as average values and their standard devia-
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Table 1. General information about the examined individuals
according to the data of 13 Russian research articles
published in 2011-2020 and addressing assessment of
measles-related HI of residents of different regions in Russia

Number of the
examined

Number of studies
in compliance with
the selection criteria

Parameter applicable to individuals
participating in abs. %
serological studies
Age

Infants 2 898 5.8
Preschool children 3 829 5.4
Children/adolescents 2 714 4.7
(7-17 years)
Adults 18-60 years 12 11,571 75.4
Over 60 years 6 1,341 8.7

Cohort
Healthcare workers 8 7,450 485
Inpatients 1 80 0.5
Mother—newborn pairs 2 898 5.9
Y3H 6 6,925 451
Relatively healthy
population

Vaccination history of the examined

Availability of 5 4,000 26.1
vaccination history
Absence of vaccination 8 11,353  73.9
history
Serological methods of study
The enzyme-linked 13 11,570 75.4
immunosorbent
assay (ELISA) using
test systems
manufactured
by Vector-Best, CJSC
out of them, the
cut-offs for positive
samples
20.18 IU/ml 1 10,162 87.8
20.2 IU/ml 2 1,408 122
Passive 1 3,783 246
hemagglutination assay
Total 13 15,353 100

tion or 95% confidence interval), thus providing ground
for their summarizing and conducting of a meta-analy-
sis in compliance with the guidelines specified in the
manual for medical statistics [20].

Statistical methods of processing
of meta-analysis results

The meta-analysis was performed with the help of
the Statistica 12.0 software package (StatSoft) in accor-
dance with the guidelines for statistical processing of
research results [21]. The average proportion of sero-
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negative cases among the examined and its 95% con-
fidence interval (CI) were calculated. The significance
of differences across the groups was estimated by using
the Student #-test at the confidence of 95% and higher
(p <0.05).

Results

Analysis of approaches to organization
of serological studies

Examined cohorts. The study found that the high-
est priority in assessment of measles-related HI should
be given to estimation of the percentage distribution
of seronegative and immune individuals in the HCW
group (48.5% of the examined), among RHP (45.1%)
as well as infants and their mothers (5.9%) (Table 1).
The selection of the above groups is explained by the
specifics of the present-day epidemic process of mea-
sles: involvement of HCWs and inpatients during dis-
ease outbreaks at the site of treatment and preventive
care facilities and a rapidly increasing number of cases
among infants and young children (under 2 years). In
the meantime, studies of herd immunity in the children
population (not including infants) are sparse (the relat-
ed data were found in 3 out of 13 studies). The status
of immunological protection against the measles virus
among infants (accounting for 5.8% of the examined)
was assessed by using serological testing of umbilical
cord blood serum samples. The most frequent partic-
ipants of studies were adult individuals aged 18-60
years (75.4% of the examined).

Methods of serological studies. In Russia, ELISA,
together with using test systems from Russian manu-
facturers ((Vector-Brest CJSC), is the main method of
laboratory examination of serum materials. Most of
the articles showed 0.18 IU/ml (in 2 articles — 0.2
IU/ml) as the minimum positive level of antibodies.
Only the article of M.A. Belopolskaya et al. [32] re-
ferred to two methods of serological examination:
ELISA (661 samples) and a passive hemagglutination
assay (PHAA) (3,783 samples). In conducting PHAA
(by using test kits from Russian manufacturers), the
minimum positive antibody titer was 1:10. The aver-
age portions of seropositive cases among the exam-
ined were calculated by using the results of the two
above-mentioned tests and amounted to 75.3% (ELI-
SA) and 85.0% (PHAA).

Statistical analysis of the data. The studies ad-
dressing assessment of herd immunity in RHP, preg-
nant women and infants were randomized. Blood serum
samples were collected during outpatient visits of the
examined individuals and during their regular medical
checkups. The HCW groups were created by job func-
tions at treatment and preventive care facilities where
the examination was conducted. The aspects referring
to compliance of the conducted studies with the Rus-
sian legislation in personal data protection, including

the informed consent signed by participants of the stud-
ies, as well as study inclusion/exclusion criteria were
specified only in two articles [36, 38].

Most of the obtained results were processed by
using Microsoft Office Excel; in 6 cases, researchers
used special-purpose software packages (Biostat IBM,
SPSS 96 Statistics 11.0, Statistica). The distribution of
individuals seronegative and seropositive to the mea-
sles virus is given as a percentage value, including the
standard deviation or 95% CI. The rules used for dis-
tribution of variables and constituting the criterion for
selection of parametric and non-parametric tests were
defined only in one article (the study results are present-
ed as a mean value and its 95% CI) [38].

The vaccination and infection status
of the examined individuals

The analyzed research articles presented two
approaches to assessment of the HI status: through
examination of people with the available vaccination
history and without such history. When conducting
studies employing blood serum samples from adult
individuals with available vaccination history, special
attention should be paid to the reliability of the sourc-
es of subject-specific medical data. The information
is seen as reliable is it is supported by the records in
the outpatient’s personal registration form; the records
must specify the vaccination date, series and dose of
the vaccine. In this respect, the examination of HCWs
representing a decreed group is most informative, as
in compliance with the applicable laws, HCWs must
be vaccinated against measles till they reach 55 years.
In a number of cases, it may be difficult to get reliable
information about the vaccination status of the exam-
ined; therefore, researchers may use alternative ways
of obtaining information (questionnaires and survey).
Based on the results of the studies, the estimated vac-
cination coverage of HCWs ranged from 37.8% [29]
to 92.5% [31] (Table 2).

As for other groups of population (which should
be vaccinated against measles before they reach the age
of 35 years), the data on vaccination history of the ex-
amined were collected from three sources: records in
the outpatient’s chart, anamnestic information, official
statistics on coverage of the children population by
preventive vaccination when the examined individuals
reached 12 months and 6 years of age (the age of the
first and second vaccine dose). Due to difficulties as-
sociated with obtaining reliable information, in 8 out
of 13 research articles (73.9% of the examined) the se-
rological assessment of HI to the measles virus did not
include vaccination history of the examined. Four out
of 5 articles presenting data on vaccination and infec-
tion history of the examined focused on assessment of
the herd immunity level in HCWs. In the study [36] the
vaccination coverage (588%) was estimated only in the
seronegative cases (68%) among RHP.
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Analysis of the herd immunity status

Relatively healthy population. Based on the re-
sults published in the research articles, the proportion
of seronegative cases among RHP of under 60 years of
age ranged from 23.4% [35] to 29.0% (95% CI 26.3—
31.8%) [38] (Table 3). Within the narrower age range
(under 43—44 years), the above proportion accounted
for 20.1% [34] to 26.1 +£2.9% [33].

All authors of the analyzed studies obtained re-
sults indicating the increasing proportion of seroneg-
ative cases among younger adults (under 30 years)
who were born after the two-time vaccination had been
included in the National Immunization Calendar. The
highest proportions of seronegative cases were identi-
fied among the youngest adults participating in each of
the studies (Table 3).

On average, the meta-analysis of the study results
identified 27.3% (95% CI 25.7-27.3%) seronegative
cases among the examined individuals aged 18-30 and
19.8% (95% CI 17.8-21.8%) seronegative cases in the
group of 31-70-year-olds (Table 4). Five studies used
Spearman's non-parametric correlation coefficient and
Smirnov’s criterion to show the existence of a negative
correlation relationship between the age of the exam-
ined and the proportion of seronegative cases among
them. Thus, the average level of herd immunity (the
proportion of immune individuals) among adult resi-
dents of Russia was 75.4% (95% CI 74.1-76.6%).

In assessment of preventive vaccination effective-
ness, great importance is given to distribution of sero-
negative cases among the children population whose
herd immunity was mainly built up under the influence
of vaccination. Based on the results of the meta-analy-
sis, the proportion of such individuals among children
under 17 years of age was significantly (p < 0.05) high-
er than among adult residents of this country (24.6%;
95% CI 23.4-25.9%) and averaged 38.3% (95% CI
35.8-40.8%). In the meantime, infants and young chil-
dren, who demonstrated the highest frequency of oc-
currence of seronegative cases, were a risk group in
terms of measles incidence. For example, in the group
of children aged one year to 2 years, according to A.P.
Toptygina et al. [35], in 2018 there were 41.8% of se-
ronegative cases; according to T.A. Semenenko et al.
[38] in 2019 there were 51%. The results of the me-
ta-analysis show that among infants, the proportion of
seronegative cases was 20.5% (95% CI 17.9-23.3%),
which was lower than among their mothers [33, 34] and
among RHP of different age groups. Similar data can be
found in other articles [22, 23]. Such results can be ex-
plained by the specifics of the transplacental transport
of IgG [24, 25].

Healthcare workers. Eight out of 13 research ar-
ticles address assessment of herd immunity in HCWs.
The age of the individuals participating in the study
ranged from 20 to 76 years. According to different
authors, the proportion of seronegative cases among

HCWs widely ranged from 5% [37] to 36.03 + 2.4%
[26] (Table 2).

As expected, differences in the vaccination co-
verage among HCWs affected the results of serologi-
cal studies. At the low vaccination coverage of HCWs
(20.9%) [29], the average proportion of seronegative
cases was higher (22.6% in the group of 36-50-year-
olds) than in the study [31] where the vaccination cov-
erage was quite high (92.5%) and the average propor-
tion of seronegative cases was 13.7 = 1.1%. Among the
vaccinated HCWs, there were 34.16% of seronegative
cases (aged 18-55 years) [30] and 19.3 + 4.3% (aged
18-35 years) of individuals having no antibodies [31].
As in case of RHP, all the researchers point out the
prevalence of non-immune individuals in the young-
est age groups of HCWs. The meta-analysis identified
12.7% (95% CI 11.9-13.6%) of seronegative cases
among HCWs aged 31-70 years and 22.7% (95% CI
21.0-24.5%) aged 18-30 years (Table 4).

On average, the level of herd immunity among
HCWs representing a decreed group was significant-
ly (p < 0.05) higher (the immune individuals account-
ed for 84.5%; 95% CI 83.7-85.3%) than among RHP
(75.4%; 95% CI 74.1-76.6%).

The data on specific humoral immunity to mea-
sles among medically ill patients were found only in
the article [28] presenting the examination of patients
from the lung transplant waiting list. The obtained re-
sults were similar to the values presented by other re-
searchers for the HCW group (the average proportion
of seronegative cases was 16.3% and in the group of
17-30-year-olds it varied from 22.2 to 28.6%). Howev-
er, the number of individuals participating in the study
(80 people) was too small for statistically reliable com-
parison that would include the measles-related immune
responses of patients from the transplant waiting list
and similar responses of individuals from other cohorts.

Discussion

The conducted systematic review of the articles
addressing assessment of measles-related HI of the
Russian population showed that approaches should be
unified and standardized. First of all, it refers to the
Materials and Methods section, which gave insufficient
attention to ethical and regulatory matters as well as to
the procedure and criteria of inclusion (exclusion) of the
participants of the study. In addition, the criteria used
for dividing the examined individuals into age groups
varied significantly, thus making it difficult to compare
results obtained by different authors. In our opinion, the
problem could be resolved through division of the ex-
amined individuals into age groups in accordance with
their vaccination history (creating groups of individuals
who were born prior to the vaccination against mea-
sles, during one-time and two-time vaccination) and the
National Immunization Calendar (till the age of 35, all
adults must be vaccinated; till the age of 55 — all HCWs).
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Table 4. Percentage distribution of seronegative cases in different age groups of RHP and HCWs

Group

The proportion of people seronegative to the measles virus, % (95% Cl)

18-30 years

31-70 years total

Relatively healthy population 27.3 (25.7-27.3)

Healthcare workers 22.7 (21.0-24.5)

19.8 (17.8-21.8) 24.6 (23.4-25.9)

12.7 (11.9-13.6) 15.5 (14.7-16.3)

Approaches to assessment of the vaccination sta-
tus of the examined, the herd immunity of the vacci-
nated and unvaccinated individuals need systematiza-
tion. The identification of a substantial proportion of
seronegative cases among the vaccinated individuals
is alarming and calls for explanation. Besides, the
quality of the source information about vaccination
history of the examined is of critical importance. In
our opinion, only the data obtained through analysis
of vaccination records in personal registration forms
can be seen as reliable. Other sources of information
(anamnestic information, official statistics on vacci-
nation coverage of decreed age groups) can be used
exclusively for reference. However, even taking into
consideration anamnestic information about vacci-
nation and infection status, the vaccination coverage
of HCWs exceeded 90% only in one study [31]. The
study [29] points out that reliable information about
vaccination obtained only from 20.9% HCWs. Such
comments imply the existence of problems regard-
ing organization of preventive vaccination, namely,
regarding the registration of the vaccinated individ-
uals and individuals who must be vaccinated. Such
problems affect the reliability of the official statistical
information about the preventive vaccination cover-
age of the population. On the whole, the herd immu-
nity of HCWs (the proportion of immune individuals
was 84.5%; 95% CI 83.7—85.3%) was higher than the
herd immunity of RHP (75.4%; 95% CI 74.1-76.6%),
which can be explained by more stringent require-
ments for vaccination.

The fact that there are problems related to orga-
nizing and performing preventive vaccination against
measles is backed up by the results of assessment of
HI among RHP in different age groups. Based on the
study results, the highest proportion of individuals se-
ronegative to measles virus was identified among chil-
dren who have their first vaccine dose (at the age of one
year to 2 years). On average, the level of herd immunity
of the children population (the proportion of immune
individuals was 38.3%; 95% CI 35.8-40.8%), which
was generally built under the influence of vaccination,
was lower as compared to the adult population (the
proportion of immune individuals was 24.6%; 95% CI
23.4-25.9%). At the same time, among the adults (aged
18-30 years), who were born after the two-time vacci-
nation had been included in the National Immunization
calendar, the proportion of immune individuals (72.7%;

95% CI 72.7-74.3%) was significantly (p <0.05) lower
than in older (31-70 years) age groups (80.2%; 95% CI
78.2-82.2%).

Thus, the meta-analysis of the results presented in
research articles showed that among the Russian pop-
ulation, the proportion of individuals immune to the
measles virus averaged 75.4%; 95% CI 74.1-76.6%.
The existence of the substantial proportion of seroneg-
ative cases among children and young adults under 30
years of age is a risk factor relating to measles spread
among the population and can be seen as a consequence
of insufficient vaccination coverage. In such conditions,
the priority should be given to assessment of HI of the
population without taking into consideration the vacci-
nation history of the examined. This approach was used
by most of the authors of the research articles.
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