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The aim. The article highlights the current state of the problem of mumps in the world and the Russian Federation.
Materials and methods. The materials of the study were electronic resources WHO infection control, Cohrane, Elsevier,
ScienceDirect, CDC infection diseases database, PubMed, eLibrary, CyberLeninka. The research methods were the analysis
and generalization of scientific literature. The assessment is presented by the immunological structure of the population in
different age groups to mumps (n = 593) in the study area (2018) according to the data of the Center for Hygiene and Epide-
miology in the Perm Territory.

Results. The spread of mumps is found to be widespread and uneven in different regions of the world in the form of sporadic
cases and large epidemic outbreaks, despite the world practice of vaccine prevention of mumps. Analysis of the immunolog-
ical structure to mumps in different age groups revealed a fairly high number of seronegative individuals (the largest number
was found among adults aged 20-39 years) in the study area (2018). A decrease in the tension of post-vaccination immunity
is the main cause for the emergence of an outbreak among the adult population, in addition to vaccination failures among
vaccinated children. The immune defenses created by the vaccine strain do not have the same intensity and duration as with
natural infection, and some genotypes of “wild” variants of the mumps virus can break through the immune barrier and
cause disease. Antigenic differences between vaccine and circulating strains, low inoculation dose can weaken immunity and
reduce the effectiveness of mass vaccine prevention.

Conclusion. Ways of solving the problem were proposed to forestall an unfavorable epidemic situation with mumps.
Keywords: mumps; morbidity; diagnostics; vaccine prevention; circulating genotypes

Abbreviations: WHO — World Health Organization; RT-PCR — reverse transcription polymerase chain reaction; TDC — tissue
cytopathogenic dose
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control, Cohrane, Elsevier, ScienceDirect, CDC infection diseases database, PubMed, eLIBRARY, CyberLeninka. MeTozab! uc-
cnepoBaHUA — aHaAu3 U 0606LweHMe HayyHOM AnTepaTypbl. [JaHa OLEHKAa UMMYHOIOTMYECKOM CTPYKTYPbl HaceneHus B pas-
JINYHBIX BO3PACTHbIX rpynnax K anuaemmyeckomy napotuty (n=593) Ha nsyyaemoii Teppmutopun (2018 r.) no gaHHbim OBY3
«LleHTp rurveHsbl n annaemuonorum B lNepmckom kpae».

Pe3ynbratbl. HeCMOTPA Ha MMPOBYHO NMPAKTUKY BAKLLMHOMNPODUNAKTUKM INUAEMUYECKOro MapoTMTa YyCTaHOBAEHO NOBCEMECT-
HOe 1 HepaBHOMEepHOE PacnpPoCTpPaHeHUe NAPOTUTHOM MHDEKLMK B PA3IUYHBIX PEerMOHaX MUPa, KaK B BUAE CNOPaaUYecKnx
C/ly4aeB, TaK M KPYMNHbIX 3NUAEMUYECKUX BCMbleK. OLEHKAa MMMYHOIOTMYECKON CTPYKTYPbI B Pa3/IMUHbIX BO3PACTHbIX rpyn-
nax K anuaemMmmnyeckomy napoTuTy Ha u3ydaemon Tepputopum (2018) BbiABMAA AOCTATOYHO BbICOKOE YMCA0 CEPOHEraTUBHbIX
vy, (Hanbonbluee YUCO YCTAHOBAEHO cpeam B3poc/bix B Bo3pacte 20—39 neTt). MomMMMO BaKUMHANbHBIX Heyaay cpegmn npu-
BUTbIX feTel, rMaBHON MPUYMHON BO3HMKHOBEHMUSA BCMbILLEYHOM 3ab60NeBaeMoCTM cpeamn B3pOC/NOro HaceneHus ABASEeTCA
CHUXXEHWE HanpAXEHHOCTM NOCTBAKLMHANBHOIO UMMYyHUTETA. IMMYHHaA 3alumTa, Co34aBaeMasn BaKLMHHbBIM LUITAMMOM, He
MMeeT TaKOW HaNPAXKEHHOCTU U TaKOW A/IUTENIbHOCTU, KaK NMpU ecTecTBEHHON MHGEKLMKN, U HEKOTOPbIE FEHOTUMbI K AUKUXY
BAPMAHTOB BUPYCa 3NUAEMUYECKOro NapoTUTa MOTYT NPOPbIBAaTb MMMYHHbIM Hapbep, Bbi3biBas 3aboneBaHue. AHTUTEHHble
pPasMuMA Mexay BaKLUMHHbIMU U LIUPKYIMPYOWMMMY LITAMMaMM, HU3Kaa NPUBMBOYHAA 4,033 MOTYT CNOCOBCTBOBATL OCNa-
61EHMI0 UMMYHUTETA U CHUXKEHMUIO 3DEKTUBHOCTN MACCOBOM BaKLMHONPODUNAKTUKN.

3akntoueHue. MpeanoxKeHbl NyTU pelleHuns AN ynpexaeHna HebnarononyyHom snMaemMmmyeckon CUTyaLMmn no anugemmye-
CKOMY MapoTUTy.

KntoueBble cnoBa. nuaemMmyeckunii NapoTuT, 3a601eBaemMoCTb, AMArHOCTUKA, BAKLMHONPODUNAKTMKA, LUPKYAUpPYLOLLME re-
HOTUMbI

CnUcoK coKpauieHuii: BO3 — BcemumpHan opraHmsaums 3gpaBooxpaHenus; OT-MNLP — obpaTHO-TpaHCKpUNTasHas noanme-

pasHas uenHas peakuwms; TAL, — TKaHeBan LuTonaToreHHas 403a; 3N — anuAeMUYECKMiA NapoTyT.

INTRODUCTION

Mumps continues to attract the attention of scien-
tists and practitioners around the world for its epidemi-
ological, social and economic significance in the second
decade of the 21 century. Mumps is widespread, but
unevenly in different regions of the world: in Europe,
the Eastern Mediterranean, Southeast Asia, Africa,
America and the Western Pacific [1, 2]. Large outbreaks
took place in the USA (2006, 2014, 2017 years) with
6585, 1521, 5629 victims, Australia (2015-2016) — 893,
Belgium (2012-2013) — 4061, Israel (2014-2015) — 262,
Jerusalem (2009-2011) — 3130, Poland (2013) — 2436,
Czech Republic (2005-2006) — 5998, Austria (2006) —
214, Norway (2015-2016) — 232, Scotland (2014-2015)
— 341, Canada (2016) with 1242 cases and others
[3-11].

The glandular organs are affected in mumps (mumps,
submandibulitis, sublinguitis, pancreatitis, orchitis, pros-
tatitis, oophoritis — in 5% of cases in girls, mastitis — in
31% of cases in girls over 14 years old, thyroiditis, da-
cryoadenitis), and severe conditions may develop — se-
rous meningitis and meningoencephalitis, myelitis and
encephalomyelitis, damage to the cranial nerves due
to prolonged circulation of the pathogen in the blood.
Mumps can lead to residual consequences of damage to
the central nervous system, can form infertility in men
(in 50% of cases over 25) and secondary diabetes melli-
tus, not uncommon [12].

The World Health Organization (WHO) classifies
mumps as an infection that can be eradicated by specific
vaccinations. It was possible to achieve the WHO goal of
reducing the incidence by 2010 or earlier to a level of 1
or less per 100,000 population in Russia (2009 — the reg-
istered incidence rate was 0.65 per 100,000 population).
However, at present, the incidence is recorded in many
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countries of the world in the form of sporadic cases and
in the form of large epidemic outbreaks.

THE AIM. The article highlights the current state
of the problem of mumps in the world and the Russian
Federation.

MATERIALS AND METHODS

Research materials are electronic resources WHO
infection control, Cohrane, Elsevier, ScienceDirect, CDC
infection diseases database, PubMed, eLIBRARY, Cyber-
Leninka. Research methods are analysis and generaliza-
tion of scientific literature. The immunological structure
of the population was analyzed in different age groups to
mumps (n = 593) in the study area (2018) according to
the data of the Center for Hygiene and Epidemiology in
the Perm Territory, the study was carried out by a sero-
logical method using the Vector Best test system «Vector
Parotitis-IgM», «Vector Parotitis-1gG».

RESULTS AND DISCUSSION

Etiology of mumps

The viral nature of mumps was first established in
1934 by researchers E. Goodpascher and K. Johnson.
The mumps virus belongs to the family Paramyxovir-
idae, genus Rubulavirus (Fig. 1). The mumps virus has
biological properties: a spherical virion with a diameter
of 100-300 nm; the genome is represented by a sin-
gle-stranded, unsegmented infectious RNA comprising
seven genes organized by 3’-NP-P-M-F-SH-HN-L-5". The
surface proteins hemagglutinin, neurominidase (HN),
and fusion protein (F) are responsible for the adhesion
and aggregation of the viral envelope with the cell mem-
brane and have an important role in infection, and it is to
them that virus neutralizing antibodies are formed [2].
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Currently, 12 genotypes of the virus (A, B, C, D, E,
F, G, H, |, K, L) circulate in the world, they are isolated
on the basis of differences in the nucleotide sequence
of the SH and HN transmembrane protein genes. The
heterogeneity of the nucleotide sequence of wild
virus genes ranges from 6 to 20% [2, 14, 15]. Exoge-
nous (imported) strains of the mumps virus can appear
along with the endogenous circulation of a particular
genotype of the virus in a particular area. Thus, the
prevalence of circulating mumps virus of genotype G
in Australia in 2007-2008 was established with a wide
endogenous circulation of the virus of genotype J in re-
cent years (2015) [3].

The mumps virus genotype G has been circulating in
the world for the last ten years, it is the most widespread
and is most often detected during epidemiological inves-
tigations of large epidemic outbreaks (20 or more cases
of infection) in the USA, Great Britain, the Netherlands,
Australia, southern China, Canada, Norway. India, Scot-
land, Israel, Japan, Korea and France [3, 15-24]. The
genotype of the mumps virus F circulates in the central
part of China, the genotype of the virus K circulates in
Vietnam [25-27].

Epidemiology of mumps

In Russia, as in the rest of the world, there has
been a decrease in the incidence of EP (from 483.0 to
1.38 per 100 thousand population in 2018) since the
introduction of mass routine immunization of children
against mumps (since 1981) within the framework of
the National Calendar preventive vaccinations (Fig. 2)
[28, 29].

The analysis of the incidence of mumps identified
the territory of risk in the Russian Federation — the
North Caucasian District according to the federal sta-
tistical observation in the period 2016-2018 (Table 1)
[30].

Comparative assessment of the age structure of pa-
tients with mumps revealed a shift in morbidity in ado-
lescents and adults. At present, the proportion of school-
children and adults aged 17-19 and 20-25 is more than
60% [3, 16, 21]. In the study area (Perm Territory), out of
36 cases in 2018, 34 cases (94,5%) accounted for adults
of working age from 18 to 49 years old [31].

Diagnosis of mumps

Etiological laboratory diagnostics in mumps is not
provided for in the standard for the provision of spe-
cialized medical care for children. In the existing clinical
guidelines for the provision of medical care to children,
the use of the enzyme immunoassay method is recom-
mended as a confirmatory laboratory test; in the case of
verification of atypical forms of infection, the molecular
biological method should be used [32-34].

Specific IgM antibodies to mumps are detected
1-4 days after the onset of the first clinical symptoms,
their concentration rapidly increases and becomes
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maximum by 40-50 days of illness. It is believed that
their diagnostic value increases from the fifth day of
the disease. Specific IgM antibodies to mumps may be
absent altogether or circulate for a short time in vacci-
nated individuals [35, 36]. The presence of specific IgG
antibodies to mumps in the blood serum of patients
does not allow establishing the age of the disease. A
dynamic increase in the titer of specific IgG antibodies
to mumps virus by 4 or more times after 2-3 weeks
from the onset of the disease is considered diagnosti-
cally significant [24, 29].

During an outbreak of mumps in the study area
from November 2017 to February 2018, with 12 cases
of mumps aged 21 to 27 years in 100% of individuals,
mumps was confirmed by a serological method using
the Vector Best test system “Vector Parotitis-lgM”,
“Vector Parotitis-IgG”. Of the 12 patients specific IgM
antibodies to the mumps virus were detected in 4
people (33,3%), a dynamic four-fold increase in spe-
cific IgG antibodies was in 8 people (66.7%). The per-
formed screening serological dynamic examination of
contact persons with the source of the infectious agent
revealed initially 26 (84%) seropositive persons and 2
(6%) with dubious results (the coefficient of positive-
ness antibodies-IgG was 0.8-1.0). Subsequently, there
was an increase in the number of cases with dubious
results to 3 (10%).

The use of molecular genetic methods (PCR) among
patients previously vaccinated against mumps in the
study of non-invasive biological material — the contents
of a buccal smear and nasopharyngeal secretions is the
most informative for the verification of mumps [2, 24,
37]. The mumps virus is detected within 9 days of the on-
set of clinical symptoms [2, 38, 39]. However, among the
vaccinated, the isolation of the virus occurs short-term
and is observed up to 2—3 days [24, 36]. The informative
value of the molecular genetic and serological diagnostic
methods used in everyday clinical and epidemiological
practice directly depends on the timing of the disease.
The greatest diagnostic value in confirming the diagnosis
in the first days of the disease has the method of reverse
transcriptase PCR (RT-PCR) with real-time detection, this
method reveals the genetic material of the mumps virus
in the contents of nasopharyngeal secretions and buc-
cal smears from patients [24, 29, 37]. The PCR method
in clinical practice, as a confirmatory test, provides an
etiological decoding of patients with mumps, and timely
prescribes adequate and systemic therapy for the sick.
This method determines the circulating genotypes of
the virus in a separate territory — endogenous strains,
this allows differentiating the endogenous circulating
strains of mumps from imported (exogenous) ones, iso-
lating “wild” mumps viruses and comparing them with a
“vaccine” strain, confirming or excluding the emerging
post-vaccination complications, revealing changes in the
mumps virus of adaptive and phylogenetic nature [14,
15, 40].
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Figure 1 — The structure of the mumps virus according to N. Litusov, 2018 [13]
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Figure 2 — Dynamics of the incidence of mumps in the Russian Federation
(in terms of per 100 thousand population)

Table 1 — Territories of the Russian Federation with a high incidence of mumps in 2018

Territory Absolute number Indicator per 100 thousand population
Russian Federation 2027 1.38
Republic of Dagestan 1390 45.53
Chechen Republic 165 11.57

Table 2 — Characteristics of vaccine strains

Vaccine type Vaccine name Characteristics of the vaccine strain of mumps
Monovaccine (mumps) Cultured live dry vaccine Vaccine strain Leningrad-3 (one inoculation dose contains more than
20000 TCD50)
Divaccine Cultured live dry divaccine  Vaccine strain Leningrad-3 (one inoculation dose contains more than
(measles-mumps) 20000TCD50)
Trivaccine (mea- MMR-II Jeryl-Lynn vaccine strain (one vaccination dose contains at least
sles-mumps-rubella) 20000 TCD50)
Priorix Vaccine strain RIT 43/85 (one vaccination dose contains at least 1037
TCDS50)
Measles-mumps-rubella Vaccine strain Leningrad-Zagreb (one vaccination dose contains at
least 5000 TCD50)
Quadrivaccine (measles- Priorix-Tetra Vaccine strain RIT 43/85 (one vaccination dose contains at least 4,4
mumps-rubella-varicella) lg TCD50)
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The RT-PCR method is used quite widely; in the world
clinical and epidemiological practice, along with enzyme
immunoassay, it is used to establish, in the course of an
epidemiological investigation, the causes and conditions
of the spread of large epidemic outbreaks. The RT-PCR
method was used for typing biological material in epi-
demic outbreaks in Germany (2008-2011), USA (2016),
Canada (2007-2017), Australia (2007-2015), France
(2013), Norway (2016), Israel (2017) [3, 16, 24, 37, 41,
42]. The molecular genetic method RT-PCR by isolating
nucleic acids was used along with serological methods in
the diagnosis of mumps in the course of a detailed ep-
idemiological investigation of an epidemic outbreak of
mumps with 176 cases in the Udmurt Republic (2008).
An identical causative agent of the mumps virus with
common biological properties has been established
among the diseased along with common clinical mani-
festations [29].

The procedure for identifying, treating, isolating pa-
tients, official registration and statistical observation of
mumps cases are determined in the Russian Federation
in accordance with the current sanitary and epidemio-
logical rules. About 300-600 thousand people suffered
from mumps per year before the introduction of mass
routine vaccine prophylaxis in 1970-1980, for compar-
ison, in 2018, 2027 cases of mumps were registered in
the Russian Federation [30].

Mumps prevention

Vaccine prophylaxis of mumps has been carried
out in the Russian Federation since 1981; it has re-
duced the incidence and mortality rate, and has re-
duced the severity rate and the number of compli-
cations. Vaccine prophylaxis saved more than 2,500
lives, prevented about 2.5 million cases of serous
meningitis, tens of thousands of cases of orchitis,
oophoritis, pancreatitis, and subsequently diabetes
mellitus, mastitis and premature abortions. To date,
over 200 million people have been vaccinated. Cov-
erage of preventive vaccinations should be at least
95% among decreed persons in order to achieve suf-
ficient population immunity to mumps. In the Rus-
sian Federation, coverage with timely vaccination has
exceeded 97,5% annually since 2002. However, the
immune layer in mumps did not reach the normative
level when assessing the immunological structure of
the population in different age groups. For example,
the proportion of seronegative individuals for mumps
in different age groups ranged from 4,0% at the age
of 40-49 to 21,4% at the age of 20-29 and 16,7% at
the age of 30-39 among the total population of Mos-
cow. and the Moscow region in 2007-2011 [29, 43].
At the same time, in 2017-2018, the increase in the
incidence of mumps was noted to 3.03 per 100 thou-
sand population in 2017 and 1,38 per 100 thousand
population in 2018 [29, 44].
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The vaccine strains used in the world practice of vac-
cine prevention of mumps: Jeryl Lynn and its derivative
Rit 43/85 (USA), Leningrad-3 (Russia), Urabe, Hoshino,
Torit, Miyahara (Japan), Leningrad-Zagreb (Croatia), Ru-
bine (Switzerland), Sofia-6 (Bulgaria) [45].

In the Russian Federation, specific prophylaxis is
carried out with a live mumps vaccine within the frame-
work of the National Calendar of Preventive Vaccina-
tions and the Calendar for Epidemic Indications (vac-
cination is carried out within 7 days from the moment
the first case is detected in the epidemic focus). Mumps
mono vaccine, mumps-measles divaccine, tri-vaccine
(measles-mumps-rubella) and quadrivalent vaccine
(measles-mumps-rubella-varicella) are licensed and reg-
istered in the prescribed manner for the implementation
of vaccine prevention of mumps in the Russian Federa-
tion (Table 2) [44].

The Leningrad-3 strain is a part of mono- and divac-
cines and is cultivated in the primary culture of Japa-
nese quail fibroblasts [44]. Jeryl-Lynn vaccine strain and
RIT43/85 (derived from Jeryl-Lynn) are included in the
MMR-II, Priorix (trivaccine) and Priorix-Tetra vaccines;
it is cultured separately in a chicken embryo cell culture
[46-48]. The Leningrad-Zagreb vaccine strain is a part of
the trivaccine (measles-mumps-rubella), it is cultivated in
fibroblasts of chicken embryos [11, 29, 44]. Currently, the
domestic combined trivaccine (measles-mumps-rubella)
“Vaktrivir” is registered in the Russian Federation [50].

Assessment of the immunological structure of the
population revealed a fairly high number of seronegative
individuals to mumps in different age groups (n = 593) in
the study area (2018). Among children aged 3-4 years,
their share was 9,5%, at the age of 16-17 years — 6%,
at the age of 20-29 years — 13,3%, 30-39 years — 19,4%
and 40-49 year olds — 8,4%. The largest number of sero-
negative individuals is found among adults aged 20-39
years. At the same time, the decreed age group for re-
vaccination among adults is not defined in the National
Calendar of Preventive Vaccinations.

In the second half of the 20th century, in many coun-
tries of the world, mass vaccine prophylaxis of mumps
was introduced into national immunization programs
and the incidence of the disease decreased significantly.
However, the unfavorable epidemic situation in mumps
continues to grow in some countries of the world, out-
break incidences are recorded in them in collectives
with ideal vaccination coverage (up to 98%). Accord-
ing to M. Maillet (2013), P.A. Maple (2015), V.S. Fields
(2019) among patients with mumps, previously received
two doses of the vaccine to 62-92% of individuals [2, 16,
24]. The main reasons and conditions for the emergence
of epidemic outbreaks are the lack of normative cover-
age of vaccination and revaccination in the past among
the decreed groups, vaccination failures among vacci-
nated, decreased post-vaccination immunity, untime-
ly and ineffective primary anti-epidemic (preventive)
measures in the emerging epidemic foci of infection [2,
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19, 51]. G.E. Nelson (2013), C.V. Cardemil (2017), A.M.
May (2017), M. Marin (2018) found that the incidence
stopped after the use of the third dose of vaccine among
contact persons in outbreaks against the background of
high coverage with two doses of vaccine earlier in main-
stream schools and universities as a preventive measure
[43, 51-53].

The lack of production control of the produced
vaccines for the prevention of mumps — the full compli-
ance of the applied vaccine strain with circulating “wild”
strains leads to insufficient protection of the population
from circulating “wild” strains [21, 25, 54]. The immune
defense created by the vaccine strain does not have the
same intensity and duration as in natural infection, and
some genotypes of “wild” variants of the mumps virus
can break through the immune barrier and cause dis-
ease [11, 37]. Antigenic differences between vaccine and
circulating strains, low inoculation dose can weaken im-
munity and reduce the effectiveness of the implemented
mass vaccine prevention [44, 47, 50]. In connection with
the possibility of adaptive and phylogenetic variability of
the circulating “wild” strain of mumps, it is necessary to
introduce regulated production control of the conformi-

ty of the vaccine strains used with the circulating “wild”
strains of the virus [21, 25, 37].

CONCLUSION

The ongoing epidemic trouble with mumps in cer-
tain territories of the Russian Federation, the shift in
the incidence in the age structure of patients towards
adolescence and adults dictates the need to develop
and introduce into medical practice a standard clinical
definition of a mumps case in order to correctly verify
the diagnosis with subsequent laboratory confirmation
of the clinical diagnosis, taking into account the existing
epidemiological data.

The main reason for the emergence of an outbreak
is a decrease in the tension of post-vaccination immuni-
ty among the adult population, in addition to vaccina-
tion failures among vaccinated children.

Anticipating an unfavorable epidemic situation in
mumps requires the introduction of regulated produc-
tion control over the use of vaccine strains and the de-
termination of the correspondence between the vaccine
and circulating strains of the mumps virus with a justifi-
cation for an adequate vaccination dose.
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