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Abstract. Specific measles, mumps, and rubella prevention has been the main prerequisite for a striking decline in the
incidence of such infections in Russia. An increase in the percentage of seronegative individuals observed in recent years
resulted in higher measles incidence being directly related to low herd immunity that accounts for a population protection
solely under conditions of a high density of immunized individuals and their uniform distribution in the population.
The number of immunized individuals may be estimated only while conducting seroepidemiological monitoring of herd
immunity. The objective of the study was to assess a level of herd immunity in the St. Petersburg and Leningrad Region
population against measles, mumps, and rubella viruses. Materials and methods. There were enrolled 6774 residents
into the study: volunteers aged from 1 to 70+ years. The representativeness of the surveyed cohort was ensured by using
the Web application “Monitoring of herd immunity against socially significant infections”, used at the stage of volunteer
enrollment, by randomization and regulation of the sample size in age groups. Participants filled out a questionnaire and
agreed to provide venous blood samples to assess IgG antibody levels against measles, mumps, and rubella viruses by
using ELISA. Results. In September 2023, in St. Petersburg and the Leningrad Region, herd immunity met the criterion
for epidemiological well-being only with respect to rubella. In all age groups, the proportion of seronegative individuals
did not exceed 15%, and most volunteers had high Ab levels, both after illness and vaccination. For measles and mumps,
the criterion for epidemiological well-being is considered not to exceed more than 7% seronegative individuals. A sufficient
level of measles seroprevalence was detected only in older age groups (> 60 years old). Sufficient mumps seroprevalence
was not detected in any age group. The average population (St. Petersburg, Leningrad Region) seroprevalence magnitude
for measles, rubella, and mumps viruses were 81.4%, 95.5%, and 78.4%, respectively. The problematic age groups with low
measles seroprevalence (62.4—74.3%) were adolescents (12—17 years) and young adults (18—39 years). Most seropositive
individuals vaccinated against measles had low Ab levels; high levels were noted mainly in older measles convalescent
individuals. Low mumps seroprevalence (~70%) was more often observed among adults aged 18 to 49 years. The distribution
of seroprevalence in various occupational group was relatively uniform, with some predominance of seropositivity among
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pensioners and schoolchildren. Conclusion. The system of specific prophylaxis for vaccine-preventable viral infections used
in Russia has shown high efficacy and contributed to the formation of herd immunity, which for many years allowed to lower
a risk of both sporadic and group infections to minimal levels. Currently, measles and mumps seroprevalence in the local
population is maintained at insufficient level to ensure epidemiological well-being. This necessitates making appropriate
management decisions and conducting additional preventive measures aimed at enhancing relevant herd immunity.

Key words: vaccine-preventable infections, herd immunity, measles, rubella, mumps, seroprevalence, antibodies, St. Petersburg, Leningrad
Region, population, cohort study.

I'IOI'IYJ'IHLI,VIOHHbIVI MWMMYHUTET K BAKUMHOYNPABNAEMbIM UHOEKLNAM (KOPU,
KPACHYXE, SNMUAEMWYECKOMY NAPOTUTY) Y HACEJIEHUSA CAHKT-NMETEPBYPTA

n J'IEHVIHFPAJJ,CKOVI OBJIACTU
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I Ynpaenenue Pocnompebnaodsopa no Canxm-Ilemepoypey, Cankm-Ilemep6ype, Poccus

*Ynpaeaenue Pocnompebrnadsopa no Jlenunepadckoii oonacmu, Cankm-Ilemep6ype, Poccus

Pe3tome. Bseodenue. Criennbuyeckas npoduiakTuKa KOpY, KPaCHYXU 1 3MKUASMUYECKOTr0 MapoTUTa SIBUIACH [JIaBHOM
MPEIIOCHIIKOM paliKaabHOrO CHMXXEHMSI 4aCTOThl 3TUX MHbekuuil B Poccuiickoit ®enepanuu. Habarogaromuics
B MOCJICIHUE TOIBI POCT IOJM CEPOHETaTUBHBIX JIUII IPUBEI K YBEJIMUCHUIO 3a001€BAEMOCTH KOPBIO, YTO HATIPSIMYIO
CBSI3aHO ¢ HU3KUM ITOMYISIIMOHHBIM UMMYHUTETOM, KOTOPBIM 00CCIIeYMBaET 3aIIUTY HACEIECHUS TOJIbKO B YCIOBHUSIX
BBICOKOH TUIOTHOCTA MMMYHU3MUPOBAHHBIX JIUII M UX PABHOMEPHOTO pacIpencsicHus B Omyassiuun. OUeHUTD YUCIIO
MMMYHU3APOBAHHBIX JIAII BO3MOXKHO JINIIb ITPX IIPOBEACHUN CEPOIITUAEMHUOIOTHUSCKOTO MOHUTOPUHTA TTOM YIS~
OHHOTO MMMYyHUTeTa. Llenb nccaenoBaHus — M3yYeHUe YPOBHS MOMYISIIMOHHOTO UMMYHUTeTa HaceaeHuss CaHKT-
[etepOypra u JleHWHTpaACKOW 00JIaCTU K BUpycaM KOpW, KpacHYXu W mapotuta. Mamepuansi u memodsl. B viccie-
JOBAHUM ydacTBOBaIK 6774 XuTeis peruoHa (BOJIOHTEPHI) B Bo3pacte ot 1-ro roga no 70+ net. Penpe3eHTaTUBHOCTD
o0cenyeMoit KoropTsl obecrieurBanack Beo-nmpuoxeHueM «MOHUTOPUHT MOMYISLIMUOHHOTO UMMYHUTETA COLIUATBHO
3HAYMMBIX UH(PEKIIM1», UCITOJb30BAaHHOTO Ha CTaIMK PETUCTPALIMU BOJIOHTEPOB ITyTeM PaHIOMHU3ALIMU U PEryIupoBa-
HUS 00beMa BHIOOPKM B BO3PACTHBIX I'pynmax. B xone uccienoBaHus y9acTHUKHY 3aIOJHSIINM aHKETY M claBaid TPOObI
BEHO3HOI1 KpoBH 17151 onipeaenaeHus IgG-aHTuTen K BUpycaM KOpr, KpacHYxu 1 mapotuta MmerogoM M®MA ¢ ucrionb3ona-
HUeM TecT-cucTteM nmpousboactsa AO «Bektop-bect» (Poccus). Pezyavmamst. B centsope 2023 r. B Cankr-Iletepoypre
u JIeHMHTrpaacKoi 00JacTH MOMYJSIIIMOHHBIM MMMYHHUTET HAceJIeHUsI COOTBETCTBOBAJ KPUTEPHUIO SIUAECMUOJIOTHU-
YEeCKOro 0JIarOIMOJyYHs TOJBKO B OTHOIIEHNU KPAaCHYXHM — BO BCEX BO3PACTHBIX TPYIIIAX HOJSI CEPOHETaTUBHBIX JIUII
He npeBbiinaja 15%, 60abIIMHCTBO BOJOHTEPOB MME/IU BEICOKMI YPOBEHb AHTUTE KaK [ocjie 3a00/ieBaHusI, TAK U I10-
cJIe BaKIIMHAI . JIJ11 KOpY 1 TapOTHTa KPUTEPUEM SITUAEMHUOIOTHUSCKOTO OJIATOITONIYUMSI CIUTACTCA HaTuIue He 00-
nee 7% cepoHeraTUBHBIX JTUL. Jl0CTaTOYHbBII YPOBEHD CEPOIIPEBAIEHTHOCTH K BUPYCY KOPU BBISIBJIEH TOJIBKO B CTAPILUX
BO3pacTHHIX rpymmax (60 JeT u crapiie), a K BAPYCY MapoTUTa He BBISIBJIEH HU B OMHOIN BO3pacTHO rpymme. CpenHuii
YPOBeHb cepornpeBaieHTHOCTU HaceneHuss CaHkT-IleTepOypra u JleHnHrpaackoit 06JacTu K BUpycaM KOpH, KpacHYXU
u naporuta coctasui 81,4%, 95,5% u 78,4% coorBercTBeHHO. [IpOGIEMHBIMU BO3PACTHBIMM IPYIIIAMU C HU3KOM ce-
POIPEBaJICHTHOCTbIO K BUpYCY KopH (62.4—74.3%) okazanuch noapoctku (12—17 iet) u Monoasie B3pocibie (18—39 sieT).
BoabIIMHCTBO CEpONO3UTUBHBIX U1, BAKIIMHUPOBAHHBIX OT KOPY, UMEJIU HU3KKE YPOBHU aHTUTE; BHICOKUE YPOBHU
OTMEYEHbBI PEUMYILIECTBEHHO Yy JIMII CTapIllero Bo3pacra, nepedoseBlnx Kopbio. Huskas ceponpeBaseHTHOCTh K BU-
pycy mapoTuTa Jaile Habonaaach cpean B3pocibix (0kojio 70%) B Bo3pacTe oT 18-Tu 10 49-T1 net. Pacnpeneierue ce-
POIPEBAJICHTHOCTH B 3aBUCMOCTH OT pojia 3aHSTH ObLIO CpaBHUTEIBHO OMHOPOIHBIM C HEKOTOPBIM IIpeodiagaHeM
CEPOMO3UTUBHOCTHU CPENM IIEHCUOHEPOB U IIKOJIBHUKOB. 3akawyenue. Uctionb3yemas B PO cucrema crieninduaeckoit
MpoUIAKTUKY BaKIIMHOYTIPABJISIEMBIX BUPYCHBIX MH(PEKIINI ITOKa3aja BRICOKYI0 3¢ (MEeKTUBHOCTD U CIIOCOOCTBOBA-
112 GOPMHUPOBAHUIO TOMYISIIMOHHOTO UMMYHMTETA, TIO3BOJIUBIIECTO B TeUCHNE MHOTHX JIET IO MUTHUMAJIbHOTO YPOBHS
CHM3UTh PUCK TIOSBJICHMS KaK CIIOPaIMueCKIX, TaK M TPYIITIOBEIX 3a00eBaHMi. B HacTosIee BpeMsI ceporpeBaicHT-
HocTb Hacenenust CankT-ITetepOypra u JleHMHTpacKoii 061acTH K BUpYCaM KOPU M AMUAEMUYECKOTO MapoTUTa HEMlo-
CTaToYHa [T 00ecredeH s ATUAEMHUOTIOTUIECKOTO OJIaToIoIydst U TPeOyeT MPUHSATHS COOTBETCTBY IOIIMX YITPaBIIEH-
YeCKUX PeIleH U ¥ IIPOBEIeHU S JOTIOTHUTEIbHBIX MTPOMDUIAaKTUUECKUX MEPOIIPUSITHIA, HATTPaBJIeHHbIX Ha TIOBBILIICHHE
MTONYJISIIUOHHOTO UMMYHUTETA K 9TUM MHQPEKIIUSIM.

Karouesuie caoea: saxyunoynpasasemvie uH@eKyuu, nONYASYUOHHbII UMMYHUMeEM, KODb, KPACHYXA, NApomum,
ceponpeganenmnocms, anmumena, Cankm-Ilemepbype, Jlenunepadckas obaacme, HaceaeHue, K020pmHoe Uccaedo8aHue.
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Immunity to measles, rubella and mumps

Introduction

Acute infectious diseases accompany an indi-
vidual person throughout their life. Most often, they
manifest as sporadic cases. Less often, local out-
breaks in groups or limited areas occur. A sudden
increase in the number of cases above the predicted
level among the population of a certain area or region
is classified as an “epidemic”, and if the population
of large regions or continents is involved, it is cus-
tomary to use the term “pandemic” [50, 56]. A strik-
ing example of the evolution of the epidemic process
is COVID-19, which began in 2020, soon developing
into a pandemic that affected most countries glob-
ally. As of 06/04/2024, more than 775 million cases
have been registered [68]. Currently, COVID-19 has
transformed into a typical seasonal respiratory infec-
tion [47]. One of the reasons for this transformation
has been the formation of herd immunity, and the use
of a wide range of vaccines played a role.

Herd immunity as a protective factor for a suscep-
tible population works only in conditions of a high
proportion of immunized individuals and their
uniform distribution in the population. Estimating
the percentage of truly immune individuals in a pop-
ulation (both as a result of infection or vaccination)
is a complex task. Analysis of morbidity based only
on registration of laboratory-confirmed manifest
forms of illness does not allow for a reliable assess-
ment of post-infectious immunity in the population.
The share of individuals with post-vaccination im-
munity may differ significantly from official vacci-
nation data due to several factors: underestimation
of actual population size (e.g., due to migratory pro-
cesses); ineffectiveness of individual vaccine batches
(e.g., due to non-adherence to storage or transporta-
tion conditions); or as a result of individuality in the
formation of immunological memory in specific
individuals.

These factors necessitate monitoring of herd im-
munity in different age groups living in all Russian
administrative regions. The use of analytical meth-
ods and laboratory systems in this work allows for the
prompt analysis of a large array of data. This provides
a scientific basis for understanding the causes behind
evolution of the epidemiological situation with respect
to specific infections. Such an approach can also cla-
rify forecasts regarding expected epidemiological con-
ditions, events, and burdens. Vaccine-based preven-
tion technologies have made it possible to achieve out-
standing success in reducing the spread of such highly
contagious infections as measles, mumps, and rubella.
Nevertheless, monitoring of ongoing, adequate imple-
mentation is a prerequisite for maintaining progress
in recent decades and reducing suffering.

Characteristic features of these infections are
the airborne transmission mechanism and an absence
of pathogen-specific therapeutic choices. In global
practice, the trivalent vaccines M-M-P II and Priorix

are primarily used for specific prevention, forming ef-
fective specific immunity simultaneously to measles,
mumps, and rubella [26, 41]. In Russia, the three-com-
ponent vaccine Vactrivir is used for this purpose [16].

Specific prevention has been the main prerequi-
site for a radical reduction in the measles incidence
in recent decades to sporadic cases, mainly of im-
ported origin. However, some periods have seen fluc-
tuations in incidence, for example from 2012 to 2018.
According to Rospotrebnadzor, 6 measles cases were
registered in the Leningrad Region in 2022, with
1 case in St. Petersburg. The favorable situation per-
sisted until 2023, when the number of measles cases
began to increase rapidly, and currently continues
to increase, in all Russian regions.

Moreover, most cases are no longer associated
with importation, and diseases and/or outbreaks
occur, including among the vaccinated popula-
tion. In 2023, there was a trend towards an increase
in measles cases in eight regions of the Northwestern
Federal District (NWFD): St. Petersburg; Leningrad
Region; Arkhangelsk Region; Murmansk Region;
Kaliningrad Region; Vologda Region; the Komi
Republic; and the Republic of Karelia.

As of September 2023, 271 verified measles cases
were registered (2 per 100 000 pop.). In 70% of cases,
the disease developed among unvaccinated individu-
als, and 5% of patients could not confirm or deny
a history of vaccination. In 10% of cases, the disease
developed among those vaccinated once. In 15%, oc-
currence was after revaccination. Most illnesses were
associated in some way with importation from other
countries, mainly Tajikistan. In all cases, the measles
virus genotype D8 MeaNS 8248 was identified.

Rubella cases have not been registered in the
Northwestern Federal District since 2021, which can
probably be explained by a high level of herd immu-
nity among the population.

Despite mumps vaccination within the framework
of the national schedule, manifest cases of this dis-
ease are still observed in the city and region. In 2022,
12 cases were detected (0.09 per 100 000 pop.), main-
ly in St. Petersburg, and 13 cases were already regis-
tered in the first 9 months of 2023. Mumps is often
observed in vaccinated individuals worldwide, which
is apparently associated with a decrease in the inten-
sity of post-vaccination immunity according to time
elapsed after immunization [28, 34, 57]. Summarized
data on the incidence of these infections (measles,
mumps, rubella), illustrating the information above,
are shown in Fig. 1.

Thus, despite vaccination against these airborne
transmissible pathogens, cases of vaccine-prevent-
able infections are still registered. The only factor
capable of preventing the spread of such pathogens
is the formation of herd specific immunity [2, 38,
53]. Clearly, progress in this area is impossible with-
out an assessment of the status and strength of herd
immunity, including the possible influences of age,
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Figure 1. Annual incidence dynamics of measles, mumps, and rubella in the St. Petersburg population

(2010 to 2023)

region, and professional category [30, 40]. The aim
of the study was to assess herd immunity to measles,
mumps, and rubella viruses in a cohort of volunteers
living in St. Petersburg and the Leningrad Region.

Materials and methods

Characteristics of the analyzed volunteer cohort

A cross-sectional, randomized study was conduct-
ed under the Rospotrebnadzor program “Assessment
of herd immunity to vaccine preventable and other rel-
evant infections in the St. Petersburg and Leningrad
Region Population”, as approved by the local ethics
committee of the St. Petersburg Pasteur Institute. All
participants, or their legal representatives, were fa-
miliarized with the purpose and methodology of the
study and signed informed consent. Random selec-
tion of volunteers for the study was carried out us-
ing a web application with a questionnaire. The se-
lected volunteers were stratified into nine age groups:
1-5 years; 6—11 years; 12—17 years; 18—29 years; 30—
39 years; 40—49 years; 50—359 years; 69—69 years; and

70+ years. The size of a representative sample was cal-
culated using a formula based on the Moivre—Laplace
limit theorem [8, 15]. The total number of volunteers
in the cohort surveyed was 6774 people.

Child volunteers (1—17 years) made up 20.8%
of the total number of those surveyed and were di-
vided into three groups: 1-5 years (5.4%); 6—11 years
(7.5%); and 12—17 years (7.9%) (Table 1). The pro-
portions of volunteers in adult age groups were ap-
proximately the same and differed in numbers by
1.5-2.5%. In total, the cohort consisted of 1789 men
(26.4%) and 4985 women (73.6%). Hence, women
participated in the study more actively (by a factor
of 2.8). Representatives of various fields of activity
took part in the study (Table 2).

As follows from Table 2, the largest numbers
of volunteers belonged to the groups of pensioners
and medical workers. The smallest was IT specialists.
The predominance of pensioners and medical workers
in the cohort can be explained, to a certain extent, by
the greater social activity, and more responsible attitude
to their health, of volunteers in these two categories.

Table 1. Age structure of the volunteer cohort (St. Petersburg, Leningrad Region)

Age, years N, persons Share, % (95% CI)
1-5years 369 5.4 (1.3-9.0)
6-11 years 510 7.5(6.9-8.2)
12-17 years 536 7.9 (7.3-8.6)
18-29 years 796 11.8 (11.0-12.5)
30-39 years 838 12.4 (11.6-13.2)
40-49 years 915 13.5 (12.7-13.4)
50-59 years 900 13.3 (12.5-14.1)
60-69 years 930 13.7(12.9-14.6)
70+ years 980 14.5(13.6-15.3)
Total 6774 6774

1-5years

70+ years 6-11 years

14.5%

12-17 years

60-69 years
13.7%

18-29 years
11.8%

50-59 years
13.3%

30-39years
12.4%

40-49 years
13.5%

Note. 70+ designates volunteers aged > 70 years.
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Research methods

During a wide information campaign, individu-
als who expressed a desire to participate in the study
filled out an online questionnaire with personal data
which was sent to the Web application for subsequent
analysis. The collected information included: full
name; gender; age; area of residence; field of activ-
ity; presence of chronic diseases; and contact infor-
mation. Individuals who met the inclusion criteria
(absence of acute illness at the time of the study)
were invited to provide additional information and
blood for subsequent laboratory testing in person.
The methodology for organizing and conducting
the study has been described earlier in detail [12].

At the blood collection point, the registrar and
volunteer filled out an extended questionnaire, in-
cluding questions about medical history (measles,
mumps, rubella, other vaccine-preventable infec-
tions). Also recorded were vaccinations and re-
vaccinations against the listed infections (including
vaccine names and dates of administration). The in-
formation was taken from the vaccination certificate
provided by the volunteer, or clarified from other
medical documentation.

In addition to the survey using a specially designed
questionnaire, all volunteers were tested for the pres-
ence of antibodies to the measles, mumps, and ru-
bella viruses.

Blood samples were taken from the ulnar vein
into vacutainers containing ethylenediaminetet-
raacetic acid solution (K;EDTA). Vacutainers were
centrifuged at room temperature. Blood plasma was
separated from cellular elements, transferred to mi-
crotubes, and stored at 4°C until testing.

ELISA testing was performed using reagent Kits
manufactured by Vector-Best (Russia) according
to manufacturer instructions: “VectoMeasles-1gG”

Initial Cohort
6,774 volunteers

Table 2. Distribution of volunteers by field
of activity

Field Confidence
of activity Volunteers, N | Share, % Interval
(95%)

Healthcare 1366 20,2 19.2-21.1
Pensioner 1157 17,1 16.2-18.0
Schoolars 815 12 11.3-12.8
Education 592 8,7 8.1-9.4
Office worker 563 8,3 7.7-9.0
Preschooler 433 6,4 5.8-7.0
Other 292 43 3.8-4.8
Industry 269 4 3.5-4.5
State-military 262 3,9 3.4-4.4
Unemployed 252 3,7 3.3-4.2
Student 213 3,1 2.8-3.6
Business 158 2,3 2.0-2.7
Research 117 1,7 1.4-21
The arts 101 1,5 1.2-1.8
Transportation 100 1,5 1.2-1.8
Information
tech. (IT) 84 1,2 1.0-15
Total 6774 100 -

for the presence and level of antibodies (Abs) to the
measles virus; “VectoRubella-1gG” for the presence
and level of Abs to the rubella virus; and “Vecto-
Parotit-IgG” for the presence of Abs to the mumps
virus. The quantitative content of antibodies to mea-
sles and rubella viruses was expressed in IU/ml.
The study flow chart is shown in Fig. 2.

Statistical processing

Statistical processing was performed using meth-
ods of variation statistics and the Excel 2011 package.
The relationships between age and seroprevalence

Data collection by questionnaire

Blood draw, analysis of antiviral IgG by ELISA (measles, mumps, rubella)

Questionnaire Data

Analysis of Indicators

Age groups (years): |

Seroprevalence by age group I Antibody level dynamics

1-5, 6-11, 12-17, 18-29, 30-39,
40-49, 50-59, 60-69, 70*

by age
(measles, rubella)

Field of activity > |

Seroprevalence by field of activity | Antibody levels

by field of activity
(measles, rubella)

(illness, vaccination)

Medical history Seroprevalence by history: Antibody levels

SNV - 'sick, never vaccinated' by history

SV -'sick, vaccinated’ (measles, rubella)
NSV - 'never sick, vaccinated’

NSNV —'never sick, never vaccinated' SNV, SV, NSV, NSNV

Verification by
— , . —
measles = 4,746 medical documentation
rubella = 4,219
mumps = 4,527

Figure 2. Study flow chart
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levels were calculated using the Pearson method.
Statistical processing of proportions was performed
using the method of A. Wald and J. Wolfowitz [65],
as modified by A. Agresti and B.A. Coull [23].
Calculation of the statistical significance of differ-
ences in shares was performed using the z test [5].
When assessing diefferences in the compared indica-
tors, a probability level was used to estimate signifi-
cance (p £ 0.05, unless indicated otherwise).

Results
Herd immunity to the measles virus

The average measles seroprevalence in the vol-
unteer cohort was 81.4% (95% CI: 80.4—82.3).
It was distributed unevenly across age groups, spe-
cifically: with maximum values in those > 60 years
of age (94.8—96.2%); and with a smaller share of se-
ropositive volunteers in younger age groups from 12
to 49 years (< 80%). The differences were signifi-
cant at p < 0.05. Seroprevalence in young children’s
groups (1-5 years, 6—11 years) did not differ from
the a verage cohort value (Fig. 3).

When analyzing seroprevalence, it is necessary
to take into account changes in the national measles
vaccination strategy. A single vaccination was intro-
duced in 1968.

In other words, vaccinated individuals aged 40—
55 were likely vaccinated in childhood once. A full
immunization program (2 vaccinations) was intro-
duced in 1986, which correlates with those under
40 years of age. Persons over 55 years of age were
likely only vaccinated in adulthood according to epi-
demiological indications. It was in adults, starting
from 50 years of age, that we noted a statistically sig-
nificant increase in seroprevalence. In the absence
of routine childhood vaccination, this may indicate
a previous infection. Low measles seroprevalence

100

among adults aged 18—39 may be associated with
the socioeconomic situation in the post-Soviet pe-
riod. Particularly noteworthy is the high proportion
of seronegative individuals among children (18.4—
25.7%), probably as a result of medical exemptions
and parental refusals to vaccinate.

When assessing seroprevalence depending on field
of activity, no significant differences were noted by
overall professional group. However, the highest se-
roprevalence level (95.9%; 95% CI: 94.6—96.9) was
observed among pensioners (differences with the fi-
nal value of the indicator were significantly higher,
p < 0.001), most of whom probably acquired im-
munity to measles as a result of a childhood infec-
tion. The lowest levels were observed among school-
children (77.9%; 95% CI: 74.9—80.6) and students
(66.7%; 95% CI1: 60.1—-72.7), which were significantly
lower than the final cohort value (p < 0.05). These
data fully correlate with the age distribution of sero-
prevalence described above.

In addition to seroprevalence, the study included
a quantitative assessment of anti-measles IgG levels
in volunteers of different ages (Fig. 4).

The observed trends differed in both shape and
direction. The distribution of seronegative indi-
viduals (< 0.18 TU/ml) was bell-shaped. The small-
est number of such individuals was detected among
those aged > 60 years. The share of individuals with
low anti-measles IgG levels (0.18—0.5 ITU/ml) was
the highest among children and gradually decreased
with advancing age category. It should be noted that
such dynamics are not accidental, as the correlation
coefficient shows (p = — 0.85; p < 0.01).

A negative trend was observed in relation to the
average IgG level (0.5—1.0 IU/ml). As in the previ-
ous group, the largest share of individuals with aver-
age levels was detected among children. The smallest
was seen among those aged > 60 years (p = —0.85;
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1-5 6-11 12-17 18-28
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Figure 3. Measles seroprevalence (IgG presence) by age group
Note. Vertical black lines are confidence intervals; horizontal translucent band is the 95% confidence interval of the final
value for the entire sample (81.4%; 95% Cl: 80.4-82.3). Numerical values and statistical significance indicators are given

in Supplementary Table 1S.
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Figure 4. Trends in the quantitative distribution of anti-measles IgG levels by age group

Note. Numerical values are shown in the upper left: regression equations; determination coefficients (R?); Spearman correlation
coefficients (p); p values. Quantitative Ab levels are in IlU/ml. Vertical black lines are 95% confidence intervals. Numerical values
and statistical significance indicators are given in Supplementary Table 2S.

p < 0.01). The distributions of seropositive individuals
with high (1.01—2.0 TU/ml) and very high (> 2.0 IU/ml)
IgG levels are interesting. In the group with high
levels, the trend changed from negative to positive,
although with a low determination coefficient (p =
0.61; insignificant at p > 0.05). The most interest-
ing finding was seen regarding the distribution of se-
ropositivity with the highest anti-measles IgG levels
(Fig. 5). The regression curve remained almost at
the same level (4.9—5.7 IU/ml) in age groups from
1-3 years to 30—39 years, and then increased almost
exponentially to 69.8% (95% CI: 66.8—72.6).

Thus, low and medium anti-measles IgG levels
were predominantly detected in individuals under
50 years of age, while high Ab levels were detected
in individuals aged > 50 years. It can be assumed
that the higher share of seropositive individuals with
the maximum IgG concentration in older age groups
is due to a history of manifest infection.

The surveyed cohort was heterogeneous in terms
of infectious and vaccinal status. Overall, 4746 indi-
viduals provided information about a history of mea-
sles and vaccination in the questionnaire. After
verification of questionnaire data against medical
records, 2,628 individuals for whom reliable infor-
mation was available (Supplementary Table 3S) were
divided into 4 groups: “sick, never vaccinated” (SNV,
n = 105); “sick, vaccinated” (SV, n = 58); “never sick,
vaccinated” (NSV, n = 2,061); and “never sick, never

vaccinated” (NSNV, n = 404). It is necessary to ac-
knowledge that such a division is somewhat arbitrary
since information about vaccination was confirmed
by medical records, yet a history of illness or lack
thereof was not documented by most volunteers.
Information on the relationship between history,
the presence of measles seropositivity, and anti-mea-
sles Ab levels was of interest (Fig. 5).

100 =T

90 —I_
80 _I_
70
60
50 99
40
30
20
10
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Seropositive, %

SNV SV NSNV NSV

Infectious and vaccinal status

Figure 5. Measles seroprevalence by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are given in Supplementary Table 4S.
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Figure 6. Anti-measles IgG levels by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are given in Supplementary Table 4S.

In the groups of volunteers who had had measles
(SV, SNV), regardless of vaccinal status, seropreva-
Ience and Ab levels were generally higher than in the
groups who had not had measles (NSV, NSNV), also
regardless of vaccination.

As expected, the highest share of seropositive in-
dividuals was found among volunteers who had indi-
cated a history of illness in the questionnaire, regard-
less of vaccinal status (groups SNV, SV). In these
groups, seroprevalence was 94.8—99.0% (Fig. 5), and
the vast majority (~80%) had high Ab levels (= 1 1U/
ml) (Fig. 6).

In the groups with no official history of mea-
sles (NSNV, NSV), seronegativity was about 22%.
Seropositivity in these groups was quite high (~78%)
regardless of vaccinal status, although significantly
lower than the value for those with a measles history
(p < 0.001). The share of individuals with high Ab

Measles-mumps
22%

Vactrivir
5.1%

riorix
0.9%

Figure 7. Structure of preparations used

for measles vaccination (St. Petersburg, Leningrad
Region)

Note. Numerical values and statistical significance indicators
are given in Supplementary Table 5S.

levels (> 1 IU/ml) was significantly lower than that
of those who had had measles. Regarding high Ab
level individuals: they were 44.0% among the unvac-
cinated (NSNV) (ofwhich 32.9% had Abs > 2 IU/ml);
and they were 22.8% among those vaccinated (NSV)
(of which 10.1% had Abs > 2 1U/ml). These results
are apparently explained by the structure of these two
groups. Half of the volunteers in the NSNV group
were over 50 years old. As shown earlier, seropositiv-
ity at this age is about 90% and higher. This indicates
childhood measles infection which the volunteer did
not remember, or did not know about. This is under-
standable, especially if the illness was mild. In any
case, if infection occurred, then post-infectious im-
munity was formed, which is usually accompanied
by high Ab levels. Unvaccinated individuals have
a significantly higher chance of getting measles than
vaccinated people. This is confirmed by the greater
share of people with high Ab levels in the unvacci-
nated group.

In the largest group, “never sick, vaccinated”
(NSV), the majority were children and people un-
der 60 years of age who were vaccinated according
to the national schedule. They would be expected
to have post-vaccination immunity. However, more
than 20% of those in this group did not have anti-
measles antibodies, and only 28% of volunteers had
high levels.

Of the total, 2,297 volunteers were vaccinated
against measles. About 40% of individuals did not
have a specific vaccine name listed on their certifi-
cate. Approximately equal numbers of volunteers
were vaccinated with measles vaccine (28.6%; 95%
CI: 26.8—30.5) and measles-mumps vaccine (22.0%;
95% CI: 20.4—23.8). The total share of other vaccines
(Priorix, M-M-R 11, Vactrivir, etc.) was about 12%
(Fig. 7).

Significant differences in vaccines were noted
depending on volunteer age. This is likely due to the
domestic availability of various vaccines used at
different times (Fig. 8). Adult volunteers from 30
to 69 years old were combined into one group due
to an absence of significant differences.

Most children were vaccinated with two-compo-
nent (measles, mumps) or three-component (mea-
sles, mumps, rubella) vaccines. Regarding the latter,
both imported (Priorix, M-M-R II) and domestic
(Vactrivir) preparations have been used. The share
of children vaccinated with monovalent measles vac-
cine was below 10%.

Most adult volunteers, especially the elderly,
were vaccinated with a monovalent measles vaccine.
Vaccination with it increased proportionally with
age: from 29.1% (95% CI: 24.9—-33.8) in the group
“18—29 years old” to 47.8% (95% CI:. 36.5—59.4)
in the group > 70 years. In adult volunteers aged 30—
69 years, two- and three-component vaccines were
practically not used. About 10.1% (95% CI: 7.5—13.5)
of persons aged 18—29 years had been vaccinated
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Figure 8. Preparations used for measles vaccination, by age group
Note. Numerical values and statistical significance indicators are given in Supplementary Table 5S.

with two-component measles-mumps vaccine since
2002 (when it entered serial production). Among
volunteers aged > 70 years, there were also persons
vaccinated with measles-mumps vaccine (17.5%; 95%
CI: 10.0—28.0), probably during vaccination of the
adult population during periods of increased inci-
dence in recent years.

When summarizing measles herd immunity
among local volunteers (St. Petersburg, Leningrad
Region), it can be stated that the threshold level
of immunity sufficient to prevent epidemic spread
of the pathogen (< 7% seronegative individuals) has
been achieved only in the age groups of 60 years and
older. Among adult volunteers under 50 years of age,
seroprevalence did not reach 80%. In the range
18—29 years old, the minimum values were noted
(62.4%). 1t is noteworthy that about 20% of children
who should have been vaccinated according to the
national schedule did not have antibodies to the mea-
sles virus.

Herd immunity to the rubella virus

As noted earlier, the rubella situation in 2021—
2022 was favorable. There were no sporadic cases,
let alone epidemic outbreaks, in St. Petersburg or
the Leningrad Region. Despite the fact that rubella
is milder than other airborne infections (COVID-19,
influenza, measles), it is a significant public health
concern due to its teratogenic potential and associa-
tion with autism [42]. Rubella is one of the most com-
mon infections causing fetal abnormalities (congeni-
tal rubella syndrome) in pregnant women.

The first live attenuated rubella vaccine was creat-
ed by P.D. Parkman and H.M. Meyer Jr. in 1966 [48].
Inclusion of the rubella vaccine in national immuni-
zation schedules has increased vaccination coverage
to 89.0% in most developed countries. Russia is no

exception, and rubella vaccination has been included
in the national schedule since 1997. Routine immu-
nization occurs at several points: children at 1 year
old; children at 6 years old; and girls aged 13 years.
Additional immunization is performed for children
aged 1 to 17 years: who have not had rubella; who
have not been vaccinated; or have been vaccinated
only once. Young women 18 to 25 years old may also
receive vaccination if they have not had rubella or
been vaccinated previously.

The absence of rubella cases does not preclude
large-scale studies of herd immunity against vac-
cine-preventable infections. Vigilance regarding
these pathogens, including rubella, is an important
prerequisite for maintaining epidemiological well-
being, without setbacks, in the country. The long-
term use of a live attenuated vaccine in Russia has
resulted in a high level of herd immunity (95.5%; 95%
CI: 94.9-95.9) in the St. Petersburg and Leningrad
Region population (Fig. 9).

The highest rubella seroprevalence values were
found in the subgroups of elderly (60—69 years) and
older (70+ years) people. The lowest were among
those middle-aged (30—39 years). Differences with
the overall seroprevalence value were significant
(p < 0.05). Despite some seroprevalence differences
among various age groups, the average level of herd
immunity exceeds 95%. Since the criterion for epi-
demic well-being regarding rubella is the detec-
tion of < 7% seronegative individuals, the situation
in St. Petersburg and the Leningrad Region can be
considered favorable. This is confirmed by the ab-
sence of rubella cases in recent years in the regions
analyzed. As expected, given the high overall sero-
prevalence of the population, differences by field
of activity were not seen. Anti-rubella IgG levels were
determined in volunteers depending on age (Fig. 10).
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Figure 9. Rubella seroprevalence (IgG presence) by age group
Note. Vertical black lines are 95% confidence intervals; horizontal translucent stripe is the 95% confidence interval of the final
value for the entire sample (95.5%; 95% Cl: 94.9-95.9). Numerical values and statistical significance indicators are given

in Supplementary Table 6S.

The data reflect a complex, heterogeneous struc-
ture regarding the distribution of anti-rubella Abs
present in the population. The share of seronegative
individuals and those with minimal Ab levels was dis-
tributed relatively uniformly. It was described by lin-
ear regression, with virtually no dependence on age.
The trends change with higher Ab levels, requiring
a more complex approximation described by 3rd de-

gree polynomials. Significant heterogeneity in the
results is noteworthy, including opposing trends de-
scribing certain Ab concentration distributions: 25—
100 TU/ml (average) and > 200 IU/ml (maximum).
Within the age intervals 6—11 years and 12—
17 years, an increase in average Ab levels, and a de-
crease in maximum levels, are observed. In the range
18—29 years, there is a turning point in trends.
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Figure 10. Trends in the quantitative distribution of anti-rubella IgG levels by age group

Note. Numerical values are shown in the upper left: regression equations; determination coefficients (R?); Spearman correlation
coefficients (p); p values. Quantitative Ab levels are in IU/ml. Vertical black lines are 95% confidence intervals. Numerical values
and statistical significance indicators are given in Supplementary Table 7S.
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By the age range 50—59 years, the largest share of vol-
unteers had Abs at maximum levels, and a statisti-
cally significant proportion of seropositive individu-
als had only average levels. Considering that for both
trends the determination coefficient varies within
arange (0.5—0.61), it can be considered that this form
of regression is not random. It likely reflects real pro-
cesses, and statistically significant features, of the
quantitative Ab distribution.

Among volunteers of all age groups, the shares
of individuals with medium, high, or very high
Ab levels were distributed evenly. No more than
7% of volunteers had low Ab levels (10—25 1U/ml).
Nevertheless, in children from 6 to 17 years old, high
IgG levels were detected significantly less often than
in children 1-5 years old or adults > 18 years.

As with measles, those volunteers (4219 people)
who provided information about their illness and vac-
cination in the questionnaire were divided into four
groups (Suppl. Table 8S). Depending on infectious
and vaccinal status after verification of their ques-
tionnaire data against medical records (2302 people),
these were: SNV (n = 180); SV (n = 43); NSNV (n =
813); and NSV (n = 1266).

The age distribution of volunteers by infectious
and vaccinal status is related to the national sched-
ule, which has included rubella vaccination since
1998. In this regard, only people under 25 years
of age were routinely vaccinated against rubella.
People over 25 years of age, primarily women,
may have received unscheduled vaccination based
on epidemiological indications. It can be assumed
that the groups of those who have had the disease
(SNV, SV) should be mostly represented by peo-
ple aged > 30 years. The NSV group is most likely
to be children and young people (18—29 years old).
The NSNYV group is volunteers of different ages who
were not vaccinated, either due to medical exemp-
tions, refusal (children and adults < 25 years), or
because of age (people > 25 years). Such a classifi-
cation is largely arbitrary since the actual number
of people who have had rubella may be higher due
to the prevalence of mild and asymptomatic cases.
Furthermore, people of any age may have received
rubella vaccination based epidemiological measures,
especially women, for whom the presence of rubella
constitutes a risk of developing pre- and postnatal le-
sions in newborns [27, 33, 42].

Given the high overall rubella seroprevalence
in the cohort (95.5%), and its uniform distribution
across age groups, one would not expect to find sig-
nificant differences in seroprevalence in volunteers
of different infectious and vaccinal status (Fig. 11, 12).

Although significant differences were not found
between groups, seroprevalence exceeded 95%
among volunteers who had experienced rubella or
were vaccinated (SNV, SV, NSV), which is higher
than the value for those who denied a history of vac-
cination or illness (NSNYV, 88.6%). As with measles,
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Figure 11. Rubella seroprevalence by infectious
and vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV —
“never sick, never vaccinated”. Vertical black bars are

95% confidence intervals. Numerical values and statistical
significance indicators are given in Supplementary Table 9S.

the vast majority of volunteers who had had the dis-
ease (> 80%) had high IgG levels (> 100 1U/ml), in-
cluding about 60% with levels higher than 200 [U/ml.

Despite the absence of a history (disease and/or
vaccination) among NSNV, the share of those with
high antibody levels was also high, reaching almost
89%. This fact indicates that the share of people who
had actually experienced rubella is undoubtedly
higher due to the prevalence of mild or asymptomat-
ic cases, which nevertheless leave a trace in the form
of circulating IgG [16]. Furthermore, among volun-
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Figure 12. Anti-rubella IgG levels by infectious and
vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV — “never
sick, never vaccinated”. Numerical values and statistical
significance indicators are presented in Supplementary
Table 9S.
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Figure 13. Structure of preparations used

for rubella vaccination

Note. Numerical values and statistical significance indicators
are given in Supplementary Table 10S.

teers who had not had rubella, Ab levels were lower
than in those who had been ill: IgG exceeded 100 1U/
ml in almost 60%, including about 30% with a value
higher than 200 IU/ml (Fig. 12).

Of the total cohort, only 1,368 volunteers pro-
vided medical documentation with information
on rubella vaccination. Vaccine name was not indi-
cated in the vaccination certificates of 37.7% of peo-
ple (Fig. 13). Most volunteers were vaccinated with
a domestic monovalent rubella vaccine: 47.2% (95%
CI: 44.6—49.9). The usage share of three-component
imported and domestic vaccines ranged from 1.5%
(M-M-R 11) to 8.7% (Priorix).

Age differences were noted regarding vaccines
used for rubella vaccination. These are likely associ-
ated with the availability of specific vaccines in dif-
ferent time periods (Fig. 14). Adult volunteers aged
30—49 years were combined into one group due to an
absence of significant differences.

Most volunteers in all age groups were vaccinated
with domestic monovalent rubella vaccine. The three-
component Vactrivir (measles, mumps, rubella) vac-
cine has been used in Russia since 2019 as part of the
national vaccination schedule. Hence, the maximum
share of those vaccinated with Vactrivir was noted
among children aged 1-5 years (22.4%; 95% CI:
17.4—28.5). In other age groups, it was apparently used
for one-time revaccination in older children, as well as
vaccination according to epidemiological indications
in adults aged 50—69 years. The imported three-com-
ponent vaccine Priorix was used for routine vaccina-
tion and revaccination of children, as well as vaccina-
tion of adults according to epidemiological indications,
during the periods when it was available in Russia.

Thus, the conducted serological studies (Ab pres-
ence, levels) revealed a high level of herd immunity, in-
dicating that conditions in the region (St. Petersburg,
Leningrad Region) are close to the threshold beyond
which the rubella virus in the population is complete-
ly eliminated.

Herd immunity to the mumps virus

Mumps can be accompanied by numerous com-
plications, the most common of which is orchitis [62,
69, 71]. Less often, meningitis, nephritis, polyneurop-
athy, pancreatitis, deafness, and other problems, can
occur [25, 45, 60, 71]. The infection contributes to the
formation of persistent immunity. In Russia, planned
vaccination of children (at the age of 12 months) began
in 1980. In 2001, mandatory revaccination of chil-
dren at 6 years of age was introduced. Accordingly,
volunteers younger than about 45 years were subject
to scheduled mumps vaccination.

Our data shows that the overall seropreva-
lence in the local volunteer cohort (St. Petersburg,
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Figure 14. Preparations used for rubella vaccination, by age group

Note. Vertical black lines are 95% confidence intervals. Numerical values and statistical significance indicators are given

in Supplementary Table 10S.
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Leningrad Region) was 78.4% (95% CI: 77.4-79.3)
in September 2023 (Fig. 15). Considering that
the share of seronegative individuals should not ex-
ceed 15% to ensure epidemiological well-being re-
garding mumps, it is obvious that the level of herd
immunity is insufficient to prevent the spread of in-
fection in the surveyed areas.

The distribution of mumps seroprevalence showed
statistically significant age differences relative to the
average cohort value. A significantly higher (p <0.01)
share of seropositive individuals was observed in chil-
dren aged 6—11 years (probably after revaccination at
6—7 years), as well as in the older groups (= 60 years)
(likely post-infectious immunity in unvaccinated in-
dividuals). In contrast, among young adult and mid-
dle-aged volunteers (18—49 years), there was signifi-
cantly lower seroprevalence (p < 0.0001). This fact
is to be expected since this interval includes those
vaccinated once at the age of 1 year (since 1980) be-
fore the introduction of revaccination (in 2001).

The distribution of seroprevalence depending
on occupation was consistent with the age distribu-
tion. The highest values (~86%) were found among
schoolchildren and pensioners (children, elderly).
The lowest (~70%) were among medical workers, civil
servants, and transportation workers (those middle-
aged). In all cases, the differences were significant
at p < 0.05. For participants who provided informa-
tion about illness and vaccination by questionnaire
(n = 4527), data were verified against medical re-
cords when possible (Supplement Table 12S). Those
with documented infectious and vaccinal status (n =
2346) were divided into four groups: SNV (n = 111);
SV (n =25); NSNV (n = 708); and NSV (n = 1502).

As with other vaccine-preventable infections,
the groups with volunteers who had experienced
symptomatic mumps were represented mainly by
adults over 30 years of age. Some of the volunteers
who had had the illness were also vaccinated, likely

95

due to epidemiological measures. The NSV group
was represented mainly by children and young people
under 30 years of age. This is obviously related to the
initiation of mumps vaccination in Russia. Older
people would have been vaccinated for epidemiologi-
cal reasons or in accordance with specific regional
vaccination programs.

When comparing mumps seroprevalence among
volunteers with different infectious and vaccinal sta-
tus, the highest share of seropositive individuals was
observed in the groups who had experienced symp-
tomatic mumps (regardless of vaccination): SNV
group — 91.0% (95% CI: 84.2—95.0); and SV group —
92% (95% CI: 75.0—97.8). Seroprevalence among vol-
unteers who indicated no history of mumps (regard-
less of vaccination) was lower: NSV group — 80.2%
(95% CI: 78.1-82.2); and NSNV group — 73.9%
(95% CI: 70.5—77.0) (Fig. 16). It is noteworthy that
volunteers who denied a history of illness or vaccina-
tion, were nevertheless mostly seropositive for anti-
mumps antibodies.

Medical documentation with information
on mumps vaccination was provided by 1583 volun-
teers. However, it was impossible to determine offi-
cial vaccine name in 37.8% of cases (Fig. 17). Most
were vaccinated with domestic vaccines: a two-com-
ponent measles-mumps vaccine (31.5%; 95% CI:
29.3—33.9); a monovalent mumps vaccine (17.9%;
95% CI: 16.1—19.9); and/or the three-component
Vactrivir vaccine (4.1%; 95% CI: 3.2—5.2). The share
of the two imported, three-component (measles,
mumps, rubella) vaccines (Priorix, M-M-R II) did
not exceed 9%.

Age differences regarding vaccines used for mumps
vaccination were noted. These are likely related to the
availability of specific vaccines in different time peri-
ods (Fig. 18). Adult volunteers aged 30—49 and 50—
69 years were combined due to an absence of signifi-
cant differences.
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Figure 15. Mumps seroprevalence, by age group

Note. Vertical black lines are 95% confidence intervals; horizontal translucent bar is the 95% confidence interval of the final
value for the entire sample (78.4%; 95% CI: 77.4-79.3). Numerical values and statistical significance indicators are presented

in Supplementary Table 11S.
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Figure 16. Mumps seroprevalence by infectious
and vaccinal status

Note. SNV — “sick, never vaccinated”; SV — “sick,
vaccinated”; NSV — “never sick, vaccinated”; NSNV —
“never sick, never vaccinated”. Vertical black lines are 95%
confidence intervals.

Most child volunteers (45.7—50.5%), as well as
those over 70 years old (81.3%; 95% CI: 57.0—-93.4),
were vaccinated with the measles-mumps vac-
cine. The new domestic three-component vaccine
Vactrivir, introduced into practice in 2019, was used
to vaccinate children aged 1-5 years (22.4%; 95% CI1
17.3—28.5) and 6—11 years (3.8%; 95% CI12.2—6.5%).
In other age groups, only a few such vaccinated in-
dividuals were noted. In contrast, those aged 18
to 69 years were vaccinated with monovalent mumps
vaccine (25.2—48.2%) or, to a lesser extent, mumps-
measles vaccine (5.8—32.1%). Regarding imported,
three-component vaccines, Priorix was used in cer-

Mumps
17.9%

Unknown name
35.5%

Measles-mumps
31.5%

Figure 17. Structure of preparations used
for mumps vaccination

tain young groups (6—11 years, 12—17 years). M-M-R
II was used in isolated cases in different age groups.

When summarizing our analysis of herd immuni-
ty to mumps, we note that seroprevalence in the local
population is close to the threshold for epidemiologi-
cal well-being (< 15% seronegative individuals) only
for certain groups: children aged 6—17 years and in-
dividuals in the oldest groups (= 60 years).

In the volunteer cohort, a separate group consisted
of “naive” individuals who denied a history of illness
or vaccination. They presumably should have had
neither post-infectious, nor post-vaccination, immu-
nity. Nevertheless, for all infections analyzed, high
seroprevalence was found among those in the NSNV
(never sick, never vaccinated) group: measles virus —
78.5% (95% CI: 74.2—82.2); mumps virus — 73.9%
(95% CI:70.5—77.0); and rubella virus — 88.6% (95%
ClI: 86.2—90.6).

Age analysis showed that seroprevalence for all
infections was minimal in children aged 1-5 years
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Figure 18. Preparations used for mumps vaccination, by age group
Note. Vertical black lines are 95% confidence intervals. Numerical values and statistical significance indicators are given
in Supplementary Table 13S.
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Figure 19. Seroprevalence among “naive” volunteers (never sick, never vaccinated) for vaccine-

preventable infectious pathogens

Note. Since the rubella trendline was described by a 2nd degree polynomial, tangents to the curve were calculated for the
youngest and oldest categories: tgo.1 — slope of the youngest interval (aged 1-11 years), representing rate-of-increase

in seropositivity in children; and tga2 — slope of the oldest interval (aged > 60 years). Trends for measles and mumps were
straight lines. As such, their tgo. values reflect evenly increasing seropositivity across age groups. Spearman correlation
coefficients (p) are shown. For statistical significance, all at p < 0.05. Numerical values and statistical significance indicators are

given in Supplementary Table 14S.

(37.5% for measles, 48.6% for mumps and 50.0%
for rubella), with an increase to maximum levels
in individuals aged > 70 years (90.3% for mumps,
96.0% for rubella and 97.7% for measles) (Fig. 19).
Setting aside that some volunteers, or their parents,
may have forgotten illness or vaccination, one as-
pect becomes apparent. The revealed seroprevalence
values indicate insufficient laboratory diagnostics
of vaccine-preventable infections. In reality, older
volunteers had not only experienced “childhood”
infections, they also had likely received a natural
booster effect through encounters with infected in-
dividuals. This is confirmed by the fact that Ab levels
were higher in older age groups than in children.

It is obvious that the dependence in this case
is not linear, and the trend can be described by two
tangents. The first is tgo.l = 6.8 (steeper), wherein
the level of herd immunity is growing at a high rate
due to an active transmission process. Adaptive im-
munity is quickly formed (via childhood immuni-
zation or transmission). The second is tga2 = 0.3,
wherein all (or almost all) of those in the oldest groups
(> 60 years) have already encountered the virus
in their lives through vaccination or illness. In result,
the virus practically does not spread in this age group.

Discussion

Herd immunity is the central mechanism for pro-
tecting the population from contagious infectious
pathogens that tend to spread as epidemics. These in-
clude airborne infections, often in childhood (mea-

sles, mumps, rubella, diphtheria, whooping cough),
as well as acute respiratory viral infections that are
not strongly age-specific (influenza, parainfluenza,
respiratory syncytial virus, coronaviruses, etc.) [31,
39, 44, 46, 63, 66]. It is also worth mentioning that
a number of infections have virtually disappeared
in recent times, yet caused a number of deadly epi-
demics in the Middle Ages [1, 64]. The outcome of all
these pandemics was the formation of specific im-
munity to the pathogen. This process is based on the
ability of cellular and humoral mechanisms to block
the transmission of pathogens among the population,
wherein the prevalence of positive serological results
(p) exceeds the critical value of herd immunity (pc),
known as the herd immunity threshold [43, 51, 70].
According to researchers, achieving this threshold
is realistic (at least for measles, mumps, and rubella)
provided that vaccination of different population seg-
ments is properly organized [51, 67].

The measles virus is a highly contagious patho-
gen, the basic reproduction number (R,) for which
is 9—18 [61]. This means that the target vaccina-
tion coverage to achieve the protective immuniza-
tion threshold should be about 95% [29]. The cri-
terion for epidemic well-being regarding measles
is the presence of no more than 7% seronegative
individuals in the population. Our results show that
in St. Petersburg and the Leningrad Region, the mea-
sles seroprevalence in the cohort as a whole was 81.4%
(95% CI. 80.4—82.3), which is significantly below
the threshold. We also note statistically significant
heterogeneity in the cohort: the lowest seropreva-
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lence was found among individuals aged 18—39 years
(62.4%; 95% CI: 59.0—65.7); and the highest was
among those aged > 70 years (96.2%; 95% CI: 94.8—
97.2). Similar heterogeneity was found in volunteers
depending on field of activity. Higher seroprevalence
was noted among pensioners and preschoolers (which
corresponds to the age distribution). It was also noted
in health workers and educators, both of which are
“at risk” groups. Since 2014, they are subject to vac-
cination until the age of 55 under certain conditions
(no history of vaccination or illness) [12, 13].

High anti-measles Ab levels are most typical
for older individuals: about 80% of seropositive indi-
viduals aged > 60 years had high (1-2 IU/ml), or very
high (> 2 IU/ml), IgG levels. The opposite situation
was noted in the group “children aged 1—17 years”:
the overwhelming majority had low or medium Ab
levels (0.18—1.0 IU/ml).

Analysis of volunteer histories (measles vaccina-
tion, past illness) showed that seroprevalence was
mainly influenced by past illness, not vaccination.
Among those who had had measles, seroprevalence
and Ab levels were higher than among those who had
not, regardless of vaccination. Our data on local herd
immunity (St. Petersburg, Leningrad Region) are con-
sistent with earlier data from other seroepidemiologi-
cal studies conducted in various Russian regions. They
also noted low measles seroprevalence in children and
in adults aged 18—40 years [4, 9, 10, 11, 17, 18].

It can be assumed that the revealed differences
are due to a number of medical and social factors.
Mandatory single vaccination of children with a live
measles vaccine at the age of 1 year was launched
in the USSR in 1968. In 1986, revaccination of chil-
dren before entering school (at the age of 6 or 7 years)
was introduced. Thus, subjects who have undergone
a full course of measles vaccination within the frame-
work of the national schedule (vaccination, revac-
cination) can be classified fairly reliably as persons
under 40 years of age. Persons aged 40—55 years were
most likely vaccinated once. Those over 55 would
have been vaccinated only according to epidemiolog-
ical indications. Interestingly, starting from the age
of 50, the share of measles-seropositive persons with
high Ab levels steadily increases.

There is no doubt that in the period preceding
the introduction of mandatory vaccination, measles
incidence was high, and people over 50 years of age
were highly likely to have had this infection. The high-
er seroprevalence in groups over 50 years of age, as
well as high Ab levels, indicate a long-term and even
lifelong existence of anti-infective immunity. It is be-
lieved that the measles vaccination coverage among
the adult population aged 18—35 is maintained at
the regulated level and is about 99% in Russia [12, 13].
Our data indicate that the real seroprevalence of the
population at this age is 60—70%. Data from Russian
authors indicate that during periods of increased mea-
sles incidence, people in age groups with a low herd

immunity are primarily involved in the epidemic pro-
cess [18]. Also noteworthy is the high share of seroneg-
ative individuals among children (18.4—25.7%). Data
from official registrations and individual researchers
confirm the involvement of unvaccinated individuals
in the epidemic process: no more than 5—7% of those
infected are vaccinated against measles [3, 21].

Thus, our results confirm the fact that individuals
who have had manifest measles (usually older people)
have higher immune protection than after vaccina-
tion [54]. In addition, older individuals in conditions
of high measles incidence in the pre-vaccination pe-
riod probably encountered the pathogen repeatedly,
which strengthened post-infectious immunity (boost-
er effect) and ensured high Ab levels. The immune re-
sponse formed following the measles vaccine is lower.
In addition, the probability of a natural booster effect
in vaccinated individuals in conditions of reduced
circulation of wild virus is low. This is confirmed by
low Ab levels in seropositive young individuals [35].

Rubella, like measles, is a vaccine-preventable in-
fection and, despite the existence of a family of spe-
cific vaccines, continues to cause up to 100 000 cases
of congenital rubella syndrome worldwide annu-
ally [39, 42, 59]. Its basic reproduction number varies
from 3—8, potentially up to 12 [49, 56]. It follows that
the required threshold of herd immunity in European
countries is estimated to be 67—87%, while in devel-
oping countries it can reach 90% [39, 51, 52]. Live
attenuated MMR vaccine is used worldwide for spe-
cific prevention of rubella; it is capable of generating
adaptive immunity simultaneously to three patho-
gens: measles, mumps, and rubella [58].

Rubella immunization in Russia was intro-
duced into the schedule by an order of the Ministry
of Health (dated 27.12.97, No. 375), later replaced
by a subsequent order (dated 30.09.2015, No. 683H).
Accordingly, children are subject to routine immu-
nization at specific points: those aged 12 months;
6 years; and girls aged 13 years. Additional ru-
bella immunization includes: all children from 1
to 17 years who have not been ill, not been vaccinat-
ed, or vaccinated only once; as well as young women
aged 18—25 years who have not been ill or vaccinated
previously [14].

An assessment of rubella herd immunity showed
that the overall cohort had the necessary immune
protection, regardless of age or occupation. The aver-
age rubella seroprevalence was 95.5% (95% CI: 94.9—
95.9). The highest level was recorded among volun-
teers aged 50—70+ years (96.3—97.6%). The lowest
was in the age group 30—39 years (92.7%; 95% CI:
90.8—94.3). In other words, the level of herd immu-
nity reached the threshold for epidemic well-being
(£ 7% seronegative individuals in the pop.) in almost
all age groups. This is confirmed by the absence
of registered of cases of rubella, or congenital rubel-
la syndrome, in 2021-2023 locally (St. Petersburg,
Leningrad Region).
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Unlike measles, 60—70% of volunteers had high,
or very high, anti-rubella IgG levels, and the share
of individuals with low Ab levels did not exceed 7%.
However, in children aged 6—17 years, high IgG lev-
els were detected significantly less frequently than
in children aged 1—5 years or adults. This situation,
noted by other authors [20], may be associated with
a weakening of immunity 6—10 years after revac-
cination in the absence of a natural booster effect
when encountering wild rubella virus. It is interest-
ing to note that in the group of volunteers who had
not been ill or vaccinated against rubella, the share
of seropositive individuals was high, 88.6% (95% CI:
86.2—90.7), although significantly lower than in the
groups of those who had been ill and vaccinated.
In addition, those with full recoveries from sympto-
matic infections had higher Ab levels. Specifically,
in 50—60% of such volunteers, IgG levels exceeded
200 IU/ml, as opposed to 29—33% of those who with-
out a history of manifest rubella.

When summarizing the assessment of herd rubel-
la immunity in the local population (St. Petersburg,
Leningrad Region), as well as the data of other do-
mestic authors [7, 9, 11, 17, 18, 20], it is obvious that
the existing practice of routine vaccination has con-
tributed to the formation of herd immunity sufficient
to interrupt viral spread.

This is reflected in the absence of manifest cases
in recent years. Clearly, a high level of herd immu-
nity has been maintained, even in the absence of cir-
culation of the wild strain or natural booster effects
through encounters. It is premature, of course, to de-
clare a complete victory over rubella, and the possi-
bility of imported cases cannot be ruled out. However,
the risk of epidemic spread among local residents can
currently be considered low.

In uncomplicated cases, mumps occurs as a mild,
self-limiting infection, but there are also compli-
cated cases with the addition of orchitis in boys, as
well as pancreatitis and even neurological complica-
tions [60, 69, 72, 73]. The mumps virus is less con-
tagious than the measles virus. Values for the basic
reproductive number, depending on regional charac-
teristics, can vary from 4—7 (USA) to 11—14 (Great
Britain) [36]. Before the introduction of mass vac-
cination, illness was widespread globally. In some
countries, up to 5—6% of the population has experi-
enced symptomatic forms [22]. A significant change
in the epidemiological situation occurred only after
the introduction of specific vaccination into clinical
practice in 1967. This has enabled a many-fold reduc-
tion in mumps prevalence globally [6, 37].

Contemporary mumps epidemiology and its fea-
tures have been shaped by routine prevention using
a live attenuated vaccine. The introduction of vac-
cines against the virus in Russia has contributed
to a decrease in the frequency of clinical mumps cas-
es, primarily due to the formation of strong herd im-
munity [6]. In Russia, two domestic vaccines based

on the Leningrad-3 strain are used: a monovalent
mumps vaccine and a divalent (mumps-measles) vac-
cine. Two imported trivalent (measles, mumps, ru-
bella) vaccines, M-M-R II and Priorix, are also used.
Regardless of their origin, all of the listed vaccines
create 90% immunity, which lasts up to 5—6 years
after administration [16, 19, 24, 32]. The vaccination
program against mumps in Russia has undergone
changes, which obviously has affected seropreva-
lence in various age groups. Routine vaccination
of the child population (at the age of 12 months) be-
gan in 1980. In the year 2000, the attenuated mumps
virus content in the vaccine was increased by 2-fold.
In 2001, due to an identified decrease in immu-
nity, mandatory booster revaccination of children
at 6 years of age (before school) was introduced into
the national vaccination schedule.

Taking into account that the average value of the
basic reproductive number (R,) varies within 4.5, it is
possible to calculate the threshold level of mumps herd
immunity (R,), which was 77.7%, using the formula
(1-(1/Ry) x 100). In St. Petersburg and the Leningrad
Region, the average cohort value of R; was 78.4% (95%
CI: 77.4—79.3). The highest R, values were noted among
children aged 6—11 years (88.0%; 95% CI: 84.9—90.6)
and those > 50 years (88.2%; 95% CI: 86.0—90.0); dif-
ferences with the average cohort value were significant
(p <0.001). The least protected were middle-aged adults
aged 18—49 years, among whom seronegativity reached
30%. They were likely vaccinated once before the intro-
duction of revaccination in 2001.

The distribution of mumps seroprevalence by field
of activity corresponded with age. The highest sero-
positivity values were found among schoolchildren
and pensioners (children and the elderly). The low-
est was among medical workers, civil servants, and
transportation workers (middle-aged people). In all
cases, the differences were significant (p < 0.05).
As with other vaccine-preventable infections, analysis
of infectious history and vaccinal status showed that
the highest share of seropositive individuals was noted
in groups of volunteers who had experienced sympto-
matic mumps, regardless of vaccination: 87.6—91.0%.

Thus, the threshold for epidemic well-being with
respect to mumps (< 15% seronegative individuals)
corresponded to the level of herd immunity only
among children aged 6—17 years and those > 60 years.
The rest of the population, including preschool chil-
dren and adults aged 18 to 59, are not sufficiently pro-
tected from mumps. As such, they can be involved
in epidemiological processes.

Analysis of volunteer groups who cannot docu-
ment, or recall, a history of vaccination or illness (i.c.,
should not have had significant humoral immunity)
shows that there has been insufficient laboratory diag-
nostics of vaccine-preventable infections. Latent and
asymptomatic forms (measles, mumps, rubella) have
very likely been overlooked in the past. Seropositivity
for these pathogens was noted in all age groups. It in-

1203



AYu. Popova et al.

MHdekumns n uMmyHuTeT

creased with age, reaching maximum levels in those
aged 70+ (90.3% for mumps, 96.0% for rubella and
97.7% for measles). Many of the older adult volunteers
were born in, or have lived through, the pre-vaccina-
tion period. Many have had these “childhood” infec-
tions, as well as the opportunity to receive a natu-
ral “booster effect” in conditions of high morbidity
(through contact with infected individuals).

In Russia, live attenuated vaccines are used
for specific prevention of these pathogens in the form
of monovalent, two-component (measles, mumps),
and three-component preparations (measles, mumps,
rubella). All available vaccines are safe, effective, and
can be equally used within the framework of immu-
nization programs. However, the general trend in vac-
cination development globally has been a transition
to combination vaccines with an increasing number
of components. In 2019, the first domestic three-
component vaccine, Vactrivir (measles, mumps, ru-
bella) [19], was registered in Russia. Earlier, the for-
eign vaccines Priorix and M-M-R II were used as
three-component vaccines. Multicomponent vac-
cines are predominantly used for routine vaccination
of children. Monovalent vaccines are used for vac-
cination (and revaccination) of adults according
to epidemiological indications, depending on which
pathogen is of public health concern.

Conclusions

1. Currently, herd immunity to “childhood” in-
fections in the local population (St. Petersburg,
Leningrad Region) ensures epidemiological well-be-
ing only with respect to rubella. This is confirmed by
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