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ABSTRACT

BACKGROUND: Measles is a highly contagious, anthroponotic viral disease. In Russia, measles outbreaks were recorded in
2003, 2014, and 2019, with a rise in incidence noted since 2022. Catch-up vaccination of at-risk groups and revaccination of
individuals previously vaccinated with a single dose continue. Determining antibody levels in the serum of vaccinated individuals
and those with unknown vaccination and post-infection history remains relevant.

AIM: To present the results of a study on humoral immunity to the measles virus among healthcare workers, including those
vaccinated against measles and individuals with unknown vaccination and post-infection history.

MATERIALS AND METHODS: An observational, single-center, cross-sectional, uncontrolled study was conducted. Inclusion
criteria: employment in a healthcare organization; age over 18 years; documented history of vaccination and revaccination
with a live measles vaccine completed at least three weeks before blood sampling, or unknown vaccination and post-infection
status; absence of infectious disease symptoms at the time of blood sampling. The study was conducted over one month in
2024. Venous blood samples were collected, and measles virus-specific IgG antibodies (IU/ml) were determined in the serum
using an enzyme-linked immunosorbent assay kit Vector-Best (Novosibirsk, Russia). The quantitative level of class G (IgG)
antibodies to the measles virus was assessed. Statistical analysis was performed using StatTech v.4.1.9 software (developed
by Stattech LLC, Russia).

RESULTS: The median age of vaccinated participants (n= 133) was 48 years (Q1-Q3: 41-54, max 76). In 66% of cases (88/133),
antibody titers were at a protective level, with a mean antibody titer of 0.62 [U/ml (Q1-Q3: 0.07-2.52, max 5.0 IU/ml). During
the evaluation of the relationship between antibody titers and the time since revaccination at the time of titer measurement,
an inverse, weak correlation was observed. The mean age of individuals with unknown vaccination and post-infection history
(n=40) was 63.3 + 6.25 years (95% Cl: 61.3-65.3), with a mean antibody level of 2.17 IU/ml (95% CI: 1.47-2.81).
CONCLUSIONS: The ongoing occurrence of measles outbreaks, the presence of individuals with unknown vaccination
and post-infection history, the low levels of protective post-vaccination antibodies among healthcare workers (34%; 45/133 in this
study), along with the detection of protective antibody levels in all tested individuals with unknown history (100%; 40 participants),
underscore the need for continued epidemiological monitoring. Timely vaccination and/or revaccination strategies are essential
for maintaining population immunity.
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AHHOTALIMA

06ocHoBaHMe. Kopb — aHTpOMOHO3HOE BUpYCHOe 3abonieBaHue, XapaKTepu3ykoLLleecs BbICOKOW KOHTarno3HocTblo. B Poc-
cuiickon Depepaumn BCMbILWKK Kopu pervcTpupoBanuck B 2003, 2014, 2019 ropax, n oTMedaeTcs NoAbEM 3aboneBaeMoCTy
¢ 2022 ropa. MpopomkaeTca NouMLLaOLLas BaKUMHALMA TPYNN PUCKa, peBaKUMHALMA NUL, NPUBMTLIX OGHOKPATHO. AKTY-
anbHO ONpefeneHne aHTUTEN B CbIBOPOTKE KPOBM Y MPUBUTOTO HACENIEHUS U Y JIL, C HEM3BECTHBIM MPUBUBOYHLIM U NOCTUH-
(EKLMOHHBIM aHaMHE30M.

Llenb nccnepoBaHus — npefcTaBuTb pe3ynbTaThl U3YUEHUS FyMOPaIbHOro MUMMYHUTETA K BUPYCY KOPYW Y paboTHUKOB Meau-
LIMHCKMX OpraHu3aLuid, MPUBUTLIX OT KOPU U C HEM3BECTHLIM MPUBUBOYHBLIM M NOCTUHDEKLMOHHBIM aHAMHE30M.

Marepuanbl n MeTogpl. MccnesoBanne 06cepBaLMOHHOE 0AHOLEHTPOBOE 0AHOMOMEHTHOE BbIDOPOYHOE HEKOHTPOIMPYEMOE.
Kputepum otbopa: cOTPYLHUK MeAMLMHCKOI OpraHu3aumm; Bo3pacT cTaplue 18 neT; Hanmume BaKUMHaUUM U peBaKLMHALMN
YKMBOW KOPEBOM BaKLMHOM, NOC/Ee 3aBepLUEHNS KOTOPOI MPOLLO He MeHee 3 Hefeslb, Mbo OTCYTCTBUE MHDOPMALMKM O Npu-
BMBOYHOM W MOCTUH(DEKLMOHHOM CTaTyce; OTCYTCTBME HA MOMEHT 0TOOopa KpOBW MPM3HAKOB MH(EKLMOHHBIX 3abosieBaHuiA.
Wccneposanue nposogmnoch B Tedenune 1 Mecsaua B 2024 rogy. Y vccnegyeMbix oTbupanack BeHO3Has KpoBb, B CbIBOPOTKaX
onpegensnuck cneumduyeckue g6 (8 ME/Mn) K BUpYCY KOpu MMMYyHO(EPMEHTHBIM METOZOM C MoMoLLbio Habopa «BekTop-
Bect» (HoBocnbupck, Poccus). OueHmBanca KonmMyecTBeHHbI YpoBeHb aHTUTeN Knacca G (IgG) K Bupycy kposu. CTatuctnye-
CKWIA aHanM3 NpoBOAMICA C UCMoJIb30BaHMeM nporpamMmbl StatTech v.4.1.9 (paspabotumk — 000 «CratTex», Poccus).
Pe3synbtatbl. MegnaHa Bo3pacTa npusuTbIx 06cneayemeix (n=133) coctasuna 48 net (Q1-Q3: 41-54, max 76). B 66% cnydaes
(88/133) 3HaueHms TUTpa aHTUTEN K BUPYCY KOPU Y UCCIieAyeMbIX ObIIM Ha YPOBHE MPOTEKTUBHOIO, CPELIHEE 3HAYEHME YPOBHSA
TMTPa aHTUTen coctasuno 0,62 ME/mn (Q1-Q3: 0,07-2,52, max 5,0 ME/Mn). Mpu oLeHKe 3aBUCUMOCTM YPOBHEN TUTPA aHTUTEN
OT [LaBHOCTM BaKLMHALMM NOC/E PEBAKLMHALMW HAa MOMEHT NPOBEPKM TUTPOB YCTaHOBJIEHa 0bpaTHas CBA3b claboi TECHOTHI.
CpeaHuin BO3pacT UL C HEWU3BECTHBIM MPUBUBOYHLIM M MOCTUHDEKLUMOHHBIM KaTaMHe3oM (n=40) cocTaBun 63,3+6,25 rofa
(95% [ON: 61,3-65,3), cpenHee 3HaYeHWe KOMMYECTBEHHOMO YPOBHSA aHTuTen — 2,17 ME/Mn (95% [OW: 1,47-2,81).
3aksnioyenue. lpofonKatoLiancs pericTpaums BCMbILEK KOpW, Haluue JINL, C HEU3BECTHBIM MPUBMBOYHBIM M MOCTUHGEKUM-
OHHbIM aHaMHEe30M, HWU3KUiA YPOBEHb 3aLLMTHBIX MOCTBAKLMHANBHBIX aHTUTEN B rpynne paboTHUKOB MeAMLMHCKUX OpraHn3a-
UMK (B SaHHOM mccnepoBaHum 34%, y 45 3 133 obenenoBaHHbIX), a Takke 06cnefoBaHue UL, C HEM3BECTHBIM KaTaMHE30M
LNS YTOUHEHUs Hannuusa 3awwmTsl (No pesynbTatam uccnefoBakusa y 100%/40 yenoBek UMenca 3alUMTHBIA YPOBEHb aHTUTEN)
NoATBEPKAAKT He0OX0AMMOCTb MOHUTOPUPOBAHUA NUAEMUYECKON CUTYaLMK ANs CBOEBPEMEHHOMO NMPUHATUSA Mep Mo NoA-
LEpXHaHWI0 UMMYHWUTETA MYTEM NPOBEAEHUSA BaKLMHALMU W/UIW PeBaKLIMHALMK.

KnioueBble cnoBa: KOpb; aHTUTeNa; BaKLMHaLUMA.
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BACKGROUND

Vaccination is the most effective measure for preventing
infectious diseases. In the USSR, measles vaccination
was introduced in 1968 [1]. As a result, the incidence rate
in 1969 decreased 3.6-fold compared with 1967 (254 and
909 cases per 100,000 population, respectively). Since 1970,
the vaccination target population included children up to
14 years of age' Starting in May 1986, measles vaccination
was administered at 12 months of age?. Revaccination of
children prior to school enrollment was introduced between
1987 and 1989, and was later officially incorporated into the
National Immunization Schedule for children at the age
of 6 yearsd. The current National Immunization Schedule
provides for measles immunization of children and adults
up to 35 years of age, and for individuals in risk groups—
including healthcare personnel—up to 55 years of age’ As
measles vaccination began in 1968, the majority of healthcare
personnel are expected to have been vaccinated. However,
healthcare facilities employ individuals who are not subject
to vaccination based on age, including those with unknown
vaccination and post-infection histories, which may contribute
to their involvement in the epidemic process and necessitate
screening for protective antibodies. Healthcare personnel
are considered a risk group due to contact with patients
with measles, and they themselves may become sources of
nosocomial transmission to patients and colleagues.

The epidemiological situation of measles remains tense in
various regions of Russia: during the elimination phase, new
outbreaks have been reported, primarily due to migration
and the presence of unvaccinated populations. For example,
in the Krasnoyarsk Territory, 88% of 126 measles cases
were unvaccinated; among the cases, healthcare personnel
accounted for 2%, and rotational shift workers arriving from
other regions, including foreign nationals, accounted for
51% [2]. According to measles surveillance data in Astrakhan
Region from 2013 to 2018, 49% of cases (n = 776) were adults,
including 6 healthcare personnel. During the same period,
the proportion of seronegative individuals, reflecting the
level of herd immunity to measles, reached up to 23.8% [3].
In another study, the proportion of seronegative healthcare
personnel for measles virus antibodies was 19% among
515 individuals tested. Additionally, the authors noted an

1 Order No. 476 of the USSR Ministry of Health dated June 12, 1972,
On Strengthening Measles Prevention Measures. Available at:
https://e-ecolog.ru/docs/QgJMBI08XXGGyGkviZhpb/

2 Order No. 426 of the USSR Ministry of Health dated March 28, 1986, On
Measures to Improve Measles Prevention. Available at: https://base.
garant.ru/4101055/

3 Order No. 375 of the Ministry of Health of the Russian Federation dated
December 18, 1997, On the Immunization Schedule. Available at: https://
base.garant.ru/5365060/

4 Order No. 1122n of the Ministry of Health of the Russian Federation dated
December 6, 2021, On Approval of the National Immunization Schedule,
the Immunization Schedule for Epidemiological Indications, and the
Procedure for Preventive Vaccinations. Available at: https://www.garant.
ru/products/ipo/prime/doc/403158640/
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inverse correlation between antibody levels and time elapsed
since vaccination (p < 0.05), with high levels of protective
antibodies observed only in the age groups of 40-49 and
50 years and older: 4.8% (95% Cl, 0.98-8.62) and 7% (95% Cl,
3.26-10.74), respectively [4]. In Samara, serological screening
of 1503 individuals showed that 34.16% of vaccinated
participants had non-protective measles antibody levels,
predominantly among those under 40 years of age [5]. These
findings highlight the waning immunity in vaccinated healthcare
workers and the need for regular antibody monitoring with
consideration for catch-up revaccination as necessary.

AIM

The work aimed to present the results of a study on humoral
immunity to the measles virus among healthcare workers,
including those vaccinated against measles and individuals
with unknown vaccination and post-infection history.

METHODS
Study Design

It was an observational, single-center, cross-sectional,
sample-based, uncontrolled study.

Eligibility Criteria
Inclusion criteria:

« Healthcare personnel
e Age over 18 years
 Prior vaccination and revaccination against measles,
with at least 3 weeks having passed since the last dose,
or absence of documented vaccination and history of
measles infection
« No signs of infectious disease at the time of the study
« Signed informed consent
The results of the study were obtained in quantitative
units. According to the manufacturer’s instructions, an
lgG antibody titer to measles virus below 0.18 IU/mL was
considered negative, indicating no immune response,
whereas values above this threshold indicated the presence
of immunity, either post-vaccination or post-infection.

Study Setting

The study was conducted in Kazan (Republic of Tatarstan).
The participants included healthcare workers from the
Republican Dermatovenerologic Dispensary, Pediatric
Polyclinic No. 11, and the Republican Blood Center.

Study Duration

The study was conducted in 2024. The planned enrollment
period was 2 weeks; blood sample collection and laboratory
analysis were carried out over the following 2 weeks. The
total study duration was 1 month. No deviations from the
planned schedule occurred during the study.
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Intervention

To select study subjects, data from vaccination
records—Form No. 063/u “Preventive Vaccination
Record"—were reviewed. The aim and procedures of the
study were explained to the selected individuals. A schedule
for blood sampling was then prepared, and healthcare
workers who had given prior verbal consent were invited to
participate. Before blood collection, participants completed
and signed a written informed consent form. On the day of
the study, 5-8 mL venous blood samples were collected
in the morning after an overnight fast, using vacutainers,
in accordance with standard procedures for hiological
specimen collection and infection control protocols. The
collected serum samples were delivered to the laboratory
for testing of measles virus—specific IgG by enzyme-linked
immunosorbent assay using the “Vector-Best” diagnostic
kit (Novosibirsk, Russia), in accordance with the
manufacturer’s instructions. Serum samples were allowed
to be stored at +4 to +8°C for up to 48 hours.

Main Study Outcome

The level of measles virus-specific 1gG antibodies was
measured in IU/mL.

Subgroup Analysis

Among the participants, 133 healthcare workers had
completed a full course of vaccination (i.e., both primary and
revaccination) more than 3 weeks prior to study inclusion
(n=133). In 40 healthcare workers, no records of vaccination
or history of measles infection were available.

Outcomes Registration

The analysis included data from Form 063/u “Preventive
Vaccination Record” and statistical evaluation of serum
samples for measles virus-specific antibody levels.

Ethics Approval

The study protocol was reviewed and approved by the
local ethics committee of the Federal State Budgetary
Educational Institution of Higher Education Kazan State
Medical University, Ministry of Health of the Russian
Federation (excerpt from meeting minutes No. 6 dated
June 18, 2024). All study participants signed the informed
consent form prior to enrollment; the consent form was
approved by the ethics committee as part of the study
protocol.

Statistical Analysis

The sample size was calculated based on the proportion
of seropositive individuals following a complete measles
vaccination course in the relevant age group, using data from
previous studies [6—8] and the following formula:

n=(z2P(1-P))/d?,
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where n is the required sample size, z corresponds to the
chosen significance level, P is the proportion of seropositive
individuals, and d is the allowable margin of error.

According to previous studies, the seropositivity rate
following a completed measles vaccination course ranges
from 91% to 94%.

Accordingly, the z-score corresponding to a significance
level of p = 0.05 is 1.96, and the formula is as follows:

n=1,962x0,91x(1-0,91)/0,05?,
n=0,3146/0,0025=125.851,
n=126.

The calculated sample size was 126 participants. Taking
into account refusals to participate and employee absences
during the study, the sample size was increased by 5%,
resulting in 133 participants.

Statistical analysis was performed using StatTech
software version 4.1.1 (developed by StatTech LLC, Russia).

Quantitative variables were assessed for normality using
the Shapiro—Wilk test (for sample sizes less than 50).

Quantitative variables with a normal distribution were
described using means (M), standard deviations (SD), and
95% confidence intervals (95% CI).

If the data were not normally distributed, quantitative
variables were described using the median (Me) and
interquartile range (Q;-Qj).

Categorical variables were presented as absolute counts
and percentages.

The direction and strength of the correlation between two
guantitative variables were assessed using Spearman’s rank
correlation coefficient (for non-normally distributed data).

A predictive model characterizing the dependence of
a quantitative variable on factors was developed using linear
regression analysis. Differences were considered statistically
significant at p < 0.05.

RESULTS

Participants

Healthcare personnel aged over 18 years with documented
measles vaccination and revaccination completed at least
21 days prior, or individuals without documented measles
vaccination and no history of measles infection, who were
informed about the study objectives and provided signed
voluntary informed consent, and who had no signs of
infectious disease at the time of blood sampling.

Primary Results

The study included healthcare workers who had received
measles vaccination and revaccination with a live measles
vaccine or measles-mumps vaccine, with an average
time elapsed since completion of 12 years (Q1-Q3: 6-25,
maximum 54 years).
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To study post-vaccination immunity, vaccination certificate
data from healthcare workers were analyzed to select
individuals for whom more than 3 weeks had passed since
completion of vaccination (n = 133), as well as individuals
with unknown vaccination and infection history (n = 40).

Among vaccinated individuals, 66% (88/133) had
protective antibody titers above 0.18 IU/mL, with a mean titer
of 0.62 1U/mL (Q1-Q3: 0.07-2.52, maximum 5.0).

A correlation analysis was performed to assess the
relationship between antibody titers and the time elapsed
since completion of vaccination (see Fig. 1).

An inverse correlation of weak strength according to the
Chedoke scale was found between the quantitative antibody
titer level (IU/mL) and the time elapsed since revaccination
(years): r =-0.274; p = 0.001.

The observed relationship between time elapsed since
revaccination and quantitative antibody level (IU/mL) is
described by the simple linear regression equation:

Ytime elapsed since revaccination ~

_2' 101 quuantitative antibody level +19'87'

An increase of 2.1 years in time elapsed since
revaccination corresponds to an expected decrease of 1 1U/mL
in the quantitative antibody level. The obtained model

Vol. 29 (5) 2024
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explains 7.7% of the observed variance in time elapsed since
revaccination (see Fig. 1).

In the group with unknown vaccination and post-infection
immunity status, protective measles virus antibody titers were
present in all individuals (100%), with a mean antibody titer
level of 2.17 IU/mL (95% Cl: 1.47-2.81). No correlation was
found between antibody titer and the age of the participants.
In this group, a 1-year increase in age is not expected to
result in changes in the quantitative antibody titer level.

DISCUSSION

Summary of Primary Results

In 66% of cases (88/133), the measles virus antibody
titers among the study participants were at a protective
level, with a noted tendency for antibody titers to decline as
time elapsed after vaccination. In the group with unknown
vaccination and post-infection immunity status, antibodies to
the measles virus were detected in 100% of cases, with no
established correlation between antibody titer and the age of
the participants. The mean IgG antibody titer to measles virus
was 0.62 [U/mL (Q;-Qj: 0.07-2.52, max 5.0) in the vaccinated
group and 2.17 IU/mL (95% Cl: 1.47-2.81) in the group with
unknown vaccination and post-infection status.
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Fig. 1. Dependence of the quantitative level of measles virus antibody titers (IU/mL) on the time elapsed since revaccination (time since

vaccination).
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Interpretation

Detection of measles virus antibodies enables assessment
of the humoral immunity formed either post-vaccination or
after natural infection. Maintaining antibody levels at a high
threshold requires revaccination.

Following revaccination, IgG antibody levels reach high
values and remain elevated for a prolonged period [9-11].

The conducted study demonstrates the presence of
sustained post-vaccination immunity for several years,
though a tendency toward declining IgG levels with increasing
time since vaccination was observed. The need for additional
revaccination, i.e., a third vaccine dose, has been described
by other authors as well [6, 7, 12-14].

In a study of individuals without documented vaccination
history, 80% (274 of 351) demonstrated protective antibody
levels according to serological analysis [6]. It is most likely
that individuals in this group had experienced measles, as
antibodies following natural infection are known for their
durability and persistence [15, 16].

Study Limitations

A limitation of this study is its relatively small sample
size. The limited number of participants did not allow
stratification of the vaccinated group by time elapsed since
completion of the vaccination course. Additionally, the study
included only adults.
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CONCLUSION

The ongoing occurrence of measles outbreaks,
individuals with unknown vaccination and post-infection
history, the low levels of protective post-vaccination
antibodies among healthcare workers (34%; 45/133 in
this study), along with the detection of protective antibody
levels in all tested individuals with unknown history
(100%; 40 participants), underscore the need for continued
epidemiological monitoring in order to timely perform
vaccination and/or revaccination strategies, which are
essential for maintaining population immunity.
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