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Abstract

Introduction. Measles, mumps and rubella viruses are highly contagious viruses that can cause serious clinical
outcomes, complications and death. Neutralizing antibodies against measles, mumps and rubella viruses are a
good indicator of clinical protection against these infections, but they are difficult to measure.

The aim. To develop a serological glycoprotein-based passive hemagglutination reaction (QpPHAR) tests for the
detection of neutralizing antibodies to measles, mumps and rubella viruses.

Materials and methods. Human and animal cell cultures from the collection of the I.I. Mechnikov Research Institute
of Vaccines and Sera were used; vaccine strains of measles, mumps and rubella viruses; monoclonal antibodies
to measles and rubella virus glycoproteins, human and animal immune sera; formalized sheep erythrocytes
sensitized with viral glycoproteins; virus neuralization test (VNT), gpPHAR and gpELISA.

Results. Viral glycoproteins of measles, mumps, and rubella were extracted from infected cell cultures. Comparative
titrations of human and animal immune sera to measles, mumps, and rubella viruses in VNT, gpPHAR, and
gpELISA have been performed. Unambiguous titers of neutralizing antibodies have been established. Titration
of homologous and heterologous immune sera to three viruses was performed in the gpPHAR. The absence of
cross-immunoreactivity to other viral agents has been established. The titers of the immune sera of patients with
measles, mumps, and rubella infections were determined in the gpPHAR and gpELISA assays. Identical titers of
neutralizing antibodies were found in both serological tests.

Conclusion. The gpPHAR serological tests has been developed to evaluate neutralizing virus-specific antibodies
to measles, mumps and rubella in patients.
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Pestome

BeepeHue. Bupychl kopu, anugemuyeckoro napotuta (3l1) un KpacHyxu SBRSOTCS BbICOKOKOHTArMo3HbIMU BUPY-
camu, KOTOpble MOTYT Bbl3bIBaTb CEPbE3HbIE KNMHNYECKNE UCXOAbI, OCIIOXKHEHUS 1 CMepTb. HeWiTpanuayowme aH-
TUTena NpoTuB BUPYCOB Kopu, 3l 1 KpacHYxuM ABRAOTCA XOPOLLUMM NokKasatenem KNMHNYECKoW 3aLumTbl OT AaHHbIX
WHMEKLUMIN, OAHAKO TPYAHO NOSLATCA N3MEPEHMIO.

Llenb. Pa3spaboTatb ceponormyeckne TecTbl Ha OCHOBE peakuuu NacCUBHOW remarrmioTMHauum ¢ UCnonb3oBa-
HVMeM BUPYCHbIX rmukonpotenHoB (gpPlFA) ona onpegeneHns HEWTPanu3yoWmMX aHTUTen K Bupycam kopu, Ol
N KPacCHyXu.

Matepuanbl u Metoabl. Vicnonb3oBanu KNeTouHble KynbTypbl YeroBeka U XMBOTHbIX kornekuun HANBC um.
.M. MeyHnKoBa; BaKUMHHbIE LUTaMMbl BUPYCOB KopW, Ol 1 KpaCHyXu; MOHOKMOHanbHbIe aHTUTeNa K rmmMkonpoTe-
MHaM BUPYCa KOPW M KpaCHYX1, UMMYHHbIE CbIBOPOTKM YENOBEKA W XXUBOTHbIX; (DOPManmHU3MpoBaHHble 6apaHbu
3PUTPOLNTLI, CEHCUBUNM3NPOBAHHbBIE BUPYCHBIMU MMNKONPOTEMHaMW; peakunto HenTpanuaauum (PH), gpPMIrA n
UMYHODEPMEHTHbIN aHann3 ¢ NCMoMb30BaHNEM BUPYCHbIX IMUKONPOTENHOB (gPUPA).

Pe3synkTaTthbl. BupycHble rvkonpoTenHsl kopu, 3l 1 kpacHyXu nssneyeHsl N3 MHOULIMPOBaHHBIX KNETOYHBIX Kyrlb-
Typ. MNpoBeaeHbl CpaBHUTENBHbIE TUTPOBAHUSI UMMYHHbIX CbIBOPOTOK YENOBEKA U XXUBOTHBIX K BUpycam kopw, Ol
n kpacHyxu B PH, gpPIIrA n gpU®A. YcTtaHoBNEHbI OAHO3HAYHbIE TUTPbI HeNTpanuaywmnx aHtuten. B gpPIrA
NpoBeAEeHO TUTPOBAHWE FOMOSOTMYHBIX U FETEPONIOMMYHBIX MMMYHHBIX CbIBOPOTOK K TPEM BMpycaMm. YCTaHOBMe-
HO OTCYTCTBME MepeKpecTHOW MMMYHOPEeaKTMBHOCTU K APYrMM BUPYCHBIM areHTam. B ceponormyeckmx tecT-cu-
ctemax gpPIIrA onpegeneHbl TUTPbl UMMYHHbIX CbIBOPOTOK MaLMEHTOB, NepeboneBLUnX KOPEeBOW, NapoTUTHOWM
N KPaCHYLLUHON MHPeKUMSAMUN. YCTaHOBMNEHbI NOAEHTUYHbIE TUTPbI HENTPaNMU3YLWNX aHTMTeN B 060mx ceponormye-
CKWX TecTax.

3akntoyeHue. PaspaboTtaHbl ceponornyeckue tectbl gpPlTA ansa oueHkn HeWTpanusyloLwmnx Bupyccneumudguye-
CKMUX aHTUTEN K kopu, Al 1 kpacHyxe y nauneHToB.

KntouyeBble crnoBa: Kopb—Mapomum—KpacHyxa; UpyCHbIe rTUKOMPOMeUHsb!; Helimpanu3ayruwue supyccreyugu-
yeckue aHmumena; rnpsimasi peakyusi naccusHol eemazanomuHayuu; UMMYHOepMeHMHbIL
aHanus (U®A)

Onsa untnpoBaHusn: Harnesa ®.I., bapkosa E.I1., XapyeHko O.C., Cugopos A.B., Bnacosa H.H., Tpy6auesa O.A.,
TapakaHoBa HO.H., CemepukoB B.B., Tarnposa A.K., Axosnesa [.A., MawkoB E.A., Ocunosa E.C., NMonucago-
Ba A.M., Ceutnu O.A., 3Bepes B.B. Ceponornyeckme TecTbl Ha OCHOBE BUPYCHBIX IMMKONPOTENHOB AN onpeaerne-
HWS HEMTPanM3yLMX aHTUTEN K BUPyCaM KOpU, aNMAEeMU4eCcKoro napoTnTa u KpacHyxu. Borpocsl supyconoauu.
2026; 71(2): 127-138. DOI: https://doi.org/10.36233/0507-4088-354 EDN: EDN: https://elibrary.ru/iohfmy

®duHaHcKMpoBaHue. ABTOpPbI 3asiBAOT 06 OTCYTCTBUM BHELLHETO (OMHAHCMPOBaHUS MPY NPOBEAEHNN UCCMEA0BAaHUSI.
KoHdnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHBIX U NMOTEHLUMArNbHbIX KOH(MMKTOB MHTEPECOB, CBA3aH-
HbIX C Nybrvkaumen HacTosILLEN cTaTbu.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXAAIOT COBMoAEHNE MHCTUTYLIMOHAMBHBIX U HALMOHAmNbHBIX CTaHAapToB
Mo 1Cnornb3oBaHWI0 NabopaTopHbIX XKMBOTHLIX B cOOTBETCTBMU ¢ Consensus author guidelines for animal use (IAVES
23.07.2010). MiccnepoBaHne NpoBOAMIIOCH NPU A0OPOBOMBHOM MH(OPMMPOBAHHOM COTfacun NauMeHToB UMmu nx
3aKOHHbIX NpeacTasuTeneit. MpoTtokon nccnepoBaHust ogobpeH ATndeckum kommTeTom opraHusaumm reHY HAMBC
um. .U, MeyHukoBa (Mpotokon Ne 9 ot 18.06.2025).

128


https://doi.org/10.36233/0507-4088-354

PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2026; 71(2)
https://doi.org/10.36233/0507-4088-364-S1

ORIGINAL RESEARCHES

Introduction

Measles, mumps, and rubella viruses are highly con-
tagious viruses that can cause serious clinical outcomes,
complications, and death. Measles, mumps and rubella
remain endemic in many parts of the world, and imported
cases of measles lead to large outbreaks in communities
with low vaccination coverage [1]. Before vaccines for
these diseases were developed, there were approximate-
ly 30 million cases of measles and 2.6 million deaths
from measles worldwide each year; the incidence of ru-
bella was 100-1,000 cases per 100,000 people; and the
prevalence of congenital rubella syndrome (CRS) was
approximately 0.1-0.2 cases per 1,000 newborns, with
the number of cases increasing to 0.8—4.0 per 1,000 new-
borns during epidemics, which historically occurred ev-
ery 5-9 years [2].

Measles and mumps are RNA viruses of the family
Paramyxoviridae, subfamily Paramyxoviridae; measles
belongs to the genus Morbillivirus, and mumps belongs
to the genus Rubulavirus. The rubella virus is also an
RNA virus, but belongs to the family Matonaviridae,
genus Rubivirus. These three viruses, despite differences
in their families and genera, are often considered together
because the epidemiology of the infections they cause in
humans and the preventive measures used against them
are similar [3].

Complications of measles include blindness, severe
diarrhea, seizures, otitis, and pneumonia [4]. In rare
cases, complications related to the central nervous
system may develop. For example, acute disseminated
encephalomyelitis occurs in approximately 1 case
per 1,000 measles patients; and subacute sclerosing
panencephalitis (SSPE) is extremely rare (about 1 case
per 10,000-100,000 people who have had measles) [5].

Complications of mumps include meningoencephalitis,
as well as orchitis and oophoritis in post-pubertal
individuals. Mumps remains a common disease in many
parts of the world, despite the availability of an effective
vaccine.

Rare complications of rubella include thrombocytopenic
purpura [6], arthritis-like diseases [7], encephalitis, and
meningoencephalitis [8]. The rubella virus has a strong
teratogenic effect: unvaccinated pregnant women who
contract rubella in the first trimester have a 90% chance
of giving birth to a child with CRS [9]. The most common
manifestations of CRS are deafness, cataracts, blindness,
congenital heart defects, endocrinopathies, microcephaly,
encephalopathy, and developmental delay. Rubella
infection in the first trimester can lead to stillbirth or
miscarriage [10].

Historically, measles, rubella, and mumps were reliably
diagnosed clinically and, in many cases, without the
necessity for laboratory testing, as most doctors were
familiar with the manifestations of these diseases [11].

The measles virus genome is a single-stranded, non-
segmented RNA with a size of 15,894 nucleotides. The
genome contains 6 genes that encode 8 viral proteins
(6 structural and 2 non-structural). The structural protein
hemagglutinin (HA) is the main antigenic determinant
and has a highly conserved epitope. Hemagglutinin binds
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to cell receptors and is responsible for the adsorption
of the virus to cells. Another envelope protein is the
fusion protein (F), which mediates the fusion of the viral
envelope with the plasma membrane of the host cell,
thereby allowing the ribonucleoprotein complex (RNP)
to enter the cytoplasm [12].

Mumps is a highly contagious paramyxovirus that
is endemic in most regions of the world and continues
to cause outbreaks even among populations with high
immunization coverage. Mumps outbreaks in countries
with high mumps vaccination coverage are explained
by waning immunity and antigenic differences between
vaccine strains and circulating wild-type viruses [13].

The mumps virus is an enveloped negative-strand
RNA virus consisting of 15,384 nucleotides encoding
seven genes. Two surface glycoproteins (GP) — the HA-
neuraminidase protein (HN) and the F protein — are
responsible for virus adsorption and virion membrane
fusion with the host cell membrane, respectively,
but both are required for cell-to-cell fusion. Virus-
neutralizing antibodies are formed against these
proteins, while virus-specific antibodies formed against
the other 5 proteins located inside the virion do not have
protective activity [14].

The vaccine strains currently in use originated in the
mid-20th century and are phylogenetically distant from
the viruses currently circulating [15].

Based on the diversity of small hydrophobic
protein (SH) sequences, the mumps virus is classified
into 12 genotypes, designated A—N. HN is the main target
of humoral immunity during mumps virus infection. The
gradual evolution of mumps viruses, rather than belonging
to a specific genotype, leads to antigenic divergence from
vaccine strains, which reduces the neutralizing ability of
vaccine-induced antibodies [16].

The rubella virus genome consists of single-stranded
non-segmented (+)RNA. The main GP proteins of the
rubella virus envelope are the structural proteins E1 and
E2. The E1 protein is responsible for the fusion of the viral
envelope with the cell membrane, while the E2 protein is
responsible for the attachment of the virus to cell receptors.
The El protein is the main antigenic determinant and
contains epitopes associated with hemagglutination and
the formation of neutralizing antibodies [17-19].

A significant increase in the incidence of both measles
and, to a lesser extent, rubella threatens the progress
made towards the goal of eliminating these infections.
Diagnosis of measles and rubella based solely on clinical
signs is unreliable due to the nonspecific nature of the
symptoms, the presence of mild forms of the disease,
and the possibility of asymptomatic infection. The low
prevalence of these infections has led to a decline in
awareness of them, as well as an increase in the number
of healthcare workers who lack experience in diagnosing
rubella and measles. In such circumstances, laboratory
tests become an indispensable tool for making a correct
diagnosis and responding quickly to outbreaks of
infection.

Despite the introduction of vaccines against measles,
mumps, and rubella, cases of these diseases continue to be
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reported, indicating the necessity for reliable diagnostic
tools for the timely detection and control of virus spread.
Traditional diagnostic methods, such as serological
tests, often face problems of specificity and sensitivity.
This leads to possible false positive and false negative
results and causes cross-immunoreactivity, which in turn
complicates epidemiological monitoring and treatment.

The gold standard for detecting neutralizing antibodies
to measles, mumps, and rubella viruses are neutralization
assays (NA) on virus-sensitive cell cultures, plaque
inhibition assays, and fluorescent antibody assays against
viral membrane GP. However, these tests are technically
difficult to perform, expensive, and take a long time.
Commercial test systems based on enzyme-linked
immunosorbent assay (ELISA) are most commonly used
to detect IgG antibodies to measles, mumps, and rubella
viruses. Unfortunately, they do not allow the detection of
the main protective antibodies — neutralizing antibodies.
Furthermore, many researchers have established the
presence of cross-immunoreactivity in most commercial
ELISA test systems [20].

The passive hemagglutination reaction (PHAR) is a
very simple and inexpensive serological reaction used
to detect neutralizing antibodies to measles, mumps,
and rubella viruses. PHAR is based on the interaction
of antibodies with their homologous viral antigens,
resulting in the inability of red blood cells to settle.
Thus, this reaction can be used to detect both antibodies
and antigens. PHAR, in which viral GP, which induces
neutralizing antibodies, is used as a viral antigen, is called
gpPHAR and can be successfully used to determine
immunogenicity to measles, mumps, and rubella when
detecting neutralizing antibodies in vaccinated and
recovered children and adults.

The aim of the study is to develop gpPHAR serological
tests for the determination of neutralizing antibodies to
measles, mumps, and rubella viruses.

Materials and methods

Cell cultures. Cell cultures from the I.I. Mechnikov Re-
search Institute of Virology and Serology collection were
used: HEL-3 — a strain of diploid human embryonic lung
cells; Vero CCL-81 —a line of green monkey kidney cells;
Vero E-6 — a cloned variant of the Vero cell line; Vero
ECC — Vero cells from the European cell culture collec-
tion; A,,) — a line of transducible human lung adenocar-
cinoma cells; OCC/A-431 — a line of transducible human
skin cancer cells; MeWo — a line of transducible human
melanoma cells; BHK-F — a transducible cell culture of
Syrian hamster kidney (France); PT — a line of transduc-
ible porcine testicular cells; MSC-16 — a variant of human
mesenchymal stem cells. Cell cultures were grown on
DMEM/F-12 medium with 10 mM HEPES, supplement-
ed with 5 or 10% bovine serum (BIOCHEMSERVICE
LLC, Vladimir, Russia) and 40 pg/ml gentamicin.

Viruses. Cold-adapted strains were used for replica-
tion in diploid HEL-3 cells at low temperature (30 °C):
Leningrad-16-CA (L-16-CA) — domestic vaccine strain
of measles virus; EP-6-CA — domestic vaccine strain of
mumps virus; RA 27/3-CA — foreign vaccine strain of ru-
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bella virus; vRub-Ant-CA — domestic vaccine strain of
rubella virus.

Cold-adapted vaccine strains of measles, mumps, and
rubella viruses were created at the I.I. Mechnikov Re-
search Institute of Vaccines and Sera (Method for obtain-
ing a four-component live culture vaccine against mea-
sles, chickenpox, mumps, and rubella. Patent for inven-
tion No. 2693440, priority February 21, 2019, authors:
V.V. Zverev, F.G. Nagieva, E.P. Barkova, O.V. Osokina).

Immune sera and monoclonal antibodies (mAbs). Hu-
man and animal immune sera against measles, mumps,
rubella and other viruses were obtained from the collec-
tions of the viral infection diagnostics laboratory of the
L.I. Mechnikov Federal State Budgetary Scientific Insti-
tution Research Institute of Viral Infections and the Mos-
cow Scientific and Practical Center for Laboratory Re-
search of the Moscow City Health Department. Monoclo-
nal antibodies to L-16-CA strain of the measles virus and
to the GP El strain Chendehill (C-74) RV of the rubella
virus were obtained in the laboratory of the I.I. Mech-
nikov Research Institute of Virology and Immunology
using hybridoma technology [21, 22].

Determination of the infectious activity of viruses. The
infectious activity of measles, mumps, and rubella viruses
was determined on Vero CCL-81 or Vero E-6 cell cultures
grown on 24-well plates (Korea). The cell seeding concen-
tration was 1 x 10° cells per well. Virus-containing fluid
(VCF) in a dilution of 107! to 107'° was added at 0.2 mL to
the wells of the plates with the cell test culture for 1.0-1.5
hours at a temperature of 36.5 °C. Then, 0.8 mL of DMEM
maintenance medium with increased glucose content and
without serum was added to all wells. The plates were in-
cubated at 35 °C and 5% CO,. The results of mumps and
rubella virus titration were recorded on the 7th day after
infection in the hemadsorption reaction. The virus titer
was taken as the maximum dilution of the virus causing
hemadsorption in 50% of the wells with infected cell cul-
tures in the absence of hemadsorption in the control wells.
The measles virus titer was determined by cytopathic ef-
fect (CPE, /0.2 mL) on infected cells, and the results were
recorded on the 10th day.

Setting up the hemadsorption reaction. A 0.25% sus-
pension of defibrinated guinea pig erythrocytes contained
in Alsever’s solution was prepared by washing the eryth-
rocytes three times with 0.9% saline solution. 0.3 mL of
the erythrocyte suspension was added to the wells of a
plate containing infected and uninfected control cells,
previously washed with phosphate-buffered saline (PBS).
The cells with erythrocytes were kept for 30 minutes
at4 °C and for an additional 30 minutes at room tempera-
ture. Then, the wells of the plate were washed three times
with 0.9% saline solution to remove erythrocytes, and the
presence or absence of haemadsorption was recorded un-
der a light microscope.

Virus neutralization test. VNT was performed on Vero
CCL-81 cell culture using the previously described me-
thod [23].

Preparation of virus-specific glycoproteins. The fol-
lowing cell cultures were used to prepare virus-specific
GP from VCF: for measles virus — Vero CCL-81, Vero
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ECC, HEL-3; for mumps viruses — Vero CCL-81, A, .,
OCC/A, MSC-16, PT; for rubella virus — Vero E6, BHK-F
(France), A,,,, MSC-16.

Sensitive cell cultures were grown in flasks with an ar-
ea of 175 cm? They were then infected with VCF and
kept in a thermostat at 35 °C for 7-8 days until 70-90%
of the cells were destroyed. The cells were then frozen
at =70 °C for at least 24 hours, thawed, and centrifuged
at 1500 rpm for 20 minutes. A sucrose-gelatin stabilizer
was added to the supernatants, which were stored at —70
°C. To isolate viral GP, VCF, phytohemagglutinin (PHA)
at a concentration of 25 pg/ml, and a 50% suspension of
sheep erythrocytes, defibrinated and washed three times
with 0.9% saline solution, were mixed ina 1 : 10 volume
ratio, respectively. The mixture was incubated at 4 °C
for 20 hours with periodic stirring to effectively bind
GP to PHA on the surface of erythrocytes. The suspen-
sion was then centrifuged at 1500 rpm for 20 min. Saline
solution was added to the resulting precipitate, consist-
ing of formalinized sheep erythrocytes loaded with viral
GP. Elution of viral GP from the surface of erythrocytes
was performed at 37 °C for 1 hour. Erythrocytes were re-
moved from the suspension by centrifugation at 1500 rpm
for 20 minutes. To increase the stability of the obtained
viral GP, bovine serum albumin (BSA) was added until a
concentration of 1% was reached.

Determination of the diagnostic titer of viral glyco-
proteins in the hemagglutination assay (HA). 50 pL of
PBS was added to each well of a 96-well V-shaped plate.
Next, 50 pL of viral GP was added to the first well and
titrated in two steps. Then, 50 pL of a 0.4% suspension
of human erythrocytes (blood group 1 (0) Rhesus+) or
guinea pig erythrocytes was added to all wells. After the
erythrocytes settled in the control wells in the form of a
“button” at the bottom of the well, the results were re-
corded. The titer of viral GP was determined by the last
dilution where the erythrocytes were arranged in the form
of an umbrella (across the entire bottom of the well) and
expressed in hemagglutinating units (HAU).

Obtaining erythrocyte antigen diagnosticums based on
sheep erythrocytes sensitized with viral glycoproteins.
Sensitization of formalinized erythrocytes was performed
using GP of measles, mumps, and rubella. For this pur-
pose, the erythrocyte mass was resuspended in a 10-fold
volume of cooled saline solution. It was precipitated by
centrifugation at 1500 rpm for 20 min and a 50% con-
centration of erythrocyte suspension in saline solution
was prepared. It was then mixed with a solution of vi-
ral GP, 0.33% chromium chloride (CrCl,), and bidistilled
water in a ratio of 1 : 1 : 1 : 10. The resulting mixture
was incubated in a water bath at 42 °C for 1 hour. Next,
an equal volume of saline solution was added and centri-
fuged at 1500 rpm for 5 minutes. The resulting precipitate,
consisting of sensitized erythrocytes, was resuspended in
saline solution enriched with 1% BSA and washed twice
with the same solution. For gpPHAR, a 2.5% suspension
of sensitized formalinized erythrocytes in saline solution
with 1% BSA was prepared.

Immunoenzymatic analysis was performed using
a standard method. In the first stage, 50 pL of antigen
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solution (GP (gpELISA) or VCF (ELISA)) was added
to each well, incubated overnight at 4 °C, then the wells
of the plate were blocked with a casein-sucrose solution
for 90 min and the plates were dried for 2 h in a thermostat
at 37 °C with the door open. To perform ELISA, 50 puL
of dilutions of human, mouse, or guinea pig immune se-
rum samples were added to the wells in PBS with Tween
(PBS-T) in a two-step process, starting with a dilution
of 1 : 100, and incubated for 90 min at 37 °C; The plate
was washed 3 times with PBS-T; 50 uL of antivaccine
conjugate solution (BioRad) in PBS-T + 1% BSA was
added, and the plates were incubated for 60 min at 37 °C.
the plate was washed three times with PBS-T; a solution
of tetramethylbenzidine was added, incubated for 15 min
in a dark place; the reaction was stopped with sulfuric ac-
id, the results were recorded on a spectrophotometer at a
wavelength of 450 nm (comparison wavelength 630 nm).

Serological method for gpPHAR testing to determine
neutralizing antibodies in immune sera against measles,
mumps, and rubella viruses. The gpPHAR test systems
for detecting neutralizing antibodies to measles, mumps,
and rubella viruses in human and animal sera are pre-
pared on the basis of formalin-treated defibrinated sheep
erythrocytes sensitized with measles, mumps, and rubella
viruses. The method is described in detail for the detec-
tion of neutralizing antibodies in immune sera against
varicella and herpes zoster viruses [23].

Statistical methods. GraphPad Prism 10 software pack-
ages were used for statistical processing of the results.

Results

To obtain GP of vaccine strains of measles, mumps,
and rubella viruses, HEL-3, Vero CCL-81, Vero E-6,
A, OCC/A-431, MeWo, BHK-F, MSC-16, and PT cell
cultures were used. These cell cultures were infected with
vaccine strains of measles, mumps, and rubella with a
multiplicity of infection (MOI) of 0.01. The infectious
titers of VCF after completion of virus replication in
cell cultures were determined by titration using the limit
dilution method on two cell cultures: HEL-3 (measles and
mumps) and Vero CCL-81 (measles, mumps, and rubella
viruses). Table 1 shows the results of titration for the
hemadsorbing activity of viruses using a 0.25% suspension
of human erythrocytes of blood group 1, Rhesus (+) and
according to the CPE (measles virus).

The results of titration of VCF on Vero CCL-81 and
HEL-3 cell cultures, evaluated by the hemadsorption
reaction, show that the L-16-CA strain of the measles
virus, the EP-6-CA strain of the mumps virus, and the
RA 27/3-CA strain of the rubella virus are effectively
reproduced in all cell cultures used, with the exception
of the PT cell culture. At the same time, measles and
rubella viruses do not have membrane viral receptors
to PT cells, and the mumps virus reproduces poorly in
PT cells. It should also be noted that the measles virus
is poorly detected when titrated on Vero CCL-81 cells
by the hemadsorption reaction with human erythrocytes,
since it is known that the hemagglutinin of the measles
virus binds most effectively to the erythrocytes of rhesus
macaque monkeys.
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To create a gpPHAR serological test for the detection of
neutralizing antibodies in human and animal immune sera
to measles, mumps, and rubella viruses, it is necessary to
determine their GP titers. The GP titers of the L-16-CA
vaccine strain of the measles virus, the EP-6-CA vaccine
strain of the mumps virus, and the RA 27/3-CA vaccine
strain of the rubella virus were determined by HA with
a 0.4% suspension of human erythrocytes. To confirm the
reproducibility of the results, titration was performed in 34
replicates, and there were no deviations in the titration
indicators. The results of the study are presented in Table 2.

Further in the study, we used measles virus GP obtained
from infected MeWo cell culture, for mumps — GP from
infected A, cell culture, and for rubella diagnosticum —
GP from infécted Vero E-6 cell culture.

Table 3 shows the results of comparative titration of
human immune serum and guinea pig immune serum in
VNT and gpPHAR.

OPUTUHAJbHbBIE NCCNEAOBAHUA

These results showed that in VNT with a 1000 dose
of measles, mumps, and rubella viruses, and in gpPHAR
using antigenic diagnostic reagents on sensitized GP
formalinized sheep erythrocytes, the titers do not differ,
and the level of neutralizing antibodies detected in
immune sera is directly dependent on the titer of viral GP.

According to foreign authors, the main disadvantage of
commercial testsystems, in particularin ELISAserological
reactions, is the presence of cross-immunoreactivity.

In order to determine the presence or absence of cross-
immunoreactivity when using the gpPHAR serological
test, experiments were conducted with homologous and
heterologous virus sera.

Fig. 1 shows the gpPHAR titers of immune sera from
humans, guinea pigs, horses, and mice mAb-221 and
mADb-96 homologous to the vaccine strain L-16-CA to
the hemagglutinin of the L-16 strain of the measles virus.
Immune sera from humans and guinea pigs to vaccine

Table 1. Titers in HAdU, /0.2 mLand CPE, 0.2 mL of virus-containing fluids obtained from cell cultures infected with vaccine strains of measles,

mumps and rubella and titrated on Vero CCL-81 and HEL-3 cells

Tabauua 1. Turpet B TAJIE, /0,2 Mn u LTI, /0,2 Ma BCXK, nony4eHHbIX U3 KIETOYHBIX KYJIBTYP, HHQUINPOBAHHBIX BAKIIMHHBIMU IITAMMAMU KOPH,

OIl 1 KpacHyXM M TUTPOBAHHBIX Ha KieTkax Vero CCL-81 u JIDY-3

Virus-containing fluid
from infected cells

Virus titers in log10 HAdU, /0.2 mL and in CPE, /0.2 mL
Tutpst Bupycos B 1g TAJIE, /0,2 mut n B LI/, /0,2 Mt

BCX u3 nH}pUIHpOBaHHBIX L-16-CA / JI-16-XA

EP-6-CA / OI1-6-XA RA 27/3-CA/RA27/3-XA

KeTox Vero CCL-81° | JI9Y-3 / HEL-3**

Vero CCL-81* JI2Y-3 / HEL-3* Vero CCL-81*

Vero CCL-81 3500 4.50+0
A, 40+0 40+0
OCC/A-431 / OKK/A-431 475+0 42540
HEL-3 / JIDU-3 450+0 450+0
MeWo 5500 5000
MSC-16 / MCK-16 N/A/H.n. N/A/H.n.
PT/TITII 0 0

10.0+0 6.50+0 7.50+0
8.0=x0 7.50+0 6.50+0
8.0=x0 8.0£0 6.0+0
8.50+0 8.0£0 6.0+0
N/A/H.m. N/A/H.m. N/A/H.n.
8.0=+0 7.50+0 7.50+0
4.0+0 40+0 0

Note. * — titration by hemadsorption reaction (log10 HAdU, /0.2 mL); ** — titration by cytopathic effect (CPE, /0.2 mL); N/A — not assessed.

Ipumeuanne. * — TurpoBanue no peakuuu remaacopouuu (Ig TAJIE, /0,2 mr); ** — turposanue no nuronarndeckomy aekicrsuto (LI /0,2 mi);

H.u. — He ucciienoBanocs.

Table 2. Titers of glycoproteins of vaccine strains of measles, mumps and rubella viruses established by hemagglutination assay (HA)

TaﬁJmua 2. TI/ITpLI TJIMKOIIPOTCHHOB BAKIIMHHBIX LITAMMOB BUPYCOB KOPH, SIIUAEMHUYECKOTO ITapOTUTA U KPACHYXH, YCTaAaHOBJICHHBIX I10 PTA

Virus-containing fluid from
cell cultures

Glycoprotein titers of measles, mumps and rubella vaccine strains isolated from infected cell cultures
THTPBI TTUKONPOTEHHOB U3 BAaKIMHHBIX IITAMMOB KOPH, IAPOTHTA ¥ KPACHYXH, BBIICICHHBIX
13 NHOUIMPOBAHHBIX KICTOYHEIX KYJIBTYD

BCX u3 Kynbsryp KJIETOK
L-16-CA / JI-16-XA EP-6-CA / OII-6-XA RA27/3-CA/RA27/3-XA
Vero CCL-81 1:8+£0 1:16+0 1:16+0
Vero E-6 N/A/Hmu. N/A/Hmu. 1:16+0
Ay, 1:16+0 1:64+0 1:32+0
OCC/A-431/ OKK/A-431 1:8+0 1:64+0 1:32+0
MSC-16 / MCK-16 1:4+£0 1:8+0 1:8+0
MeWo 1:16+0 N/A/Hmu N/A/Hmu.
PT/ITII N/A/Hmu. 1:16+0 <2zx0

Note. N/A — not assessed.

Ipumeuanue. H.u. — He uccienoBanocs.
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Table 3. Comparative titration of human and guinea pig immune sera to measles, mumps and rubella viruses in VNT (titers in HAdU, /0.2 mL

and CPE, /0.2 mL) and in gpPHAR (titer in HAU, /0.5 mL)

Taomuua 3. CpaBHUTEIBHOE TUTPOBaHIE HIMMYHHBIX CHIBOPOTOK Y€IOBEKa M MOPCKOM CBMHKH K BHpycam Kopu, DI1 u kpacuyxu B PH (Tutpst

B 'AJIE, /0,2 Mmin HIIJL, /0,2 mon) u B gpPIIT'A (tutp B IAE, /0,5 M)

Comparative titers of immune sera in two serological reactions
CpaBHHUTENbHBIE THTPbI UMMYHHBIX CBIBOPOTOK B JIBYX CEPOJIOTHYECKHX PEAKIUIX

Immune sera
VIMMyHHBIE CBIBOPOTKH

VNT in HAdU, /0.2 mL
PH B TAJIE, /0.2 win

gpPHAR in HA, /0.5 mL
gpPTITA B TAE, /0,5 mat

L-16-CA* | EP-6-CA | RA27/3-CA L-16-CA EP-6-CA | RA27/3-CA
JI-16-XA | DI-6-XA | RA27/3-XA | J-16-XA | DI-6-XA | RA27/3-XA
Euman !MmUne serum 1:800£0 1:3200£0 1:800+£0 1:800£0 1:3200£0 1:800+0
MMyHHa}I CLIBOpOTKa YCJIIOBCKa
Guinea pig immune serum 1:1600£0 1:3200£0 1:1600£0 1:1600+0 1:3200£0 1:1600+0
VMMyHHasi CBIBOPOTKA MOPCKOM CBUHKHU
Non-immune human serum immune human serum 0 0 0 <2 <9 <2
HCI/IMMyHHél}I CLIBOpOTKa YCJIOBCKaA
Non-immune guinea pig serum 0 0 0 <2 <2 <2

HeummyHHast CBIBOPOTKa MOPCKOM CBUHKH

Note. * — titer assessment in CPE, /0.2 mL.

Tpumeuanue. * — ouenka turpa B LI/, /0,2 M.

Fig. 1. Titers in gpPHAR of homologous and heterologous immune
sera and monoclonal antibodies to the measles vaccine strain L-16-CA.

1 — human serum to measles virus; 2 — guinea pig serum to measles virus;

3 — horse serum to measles virus; 4 — mouse mAb-221 to hemagglutinin

of measles virus; 5 — mouse mAb-96 to hemagglutinin of measles virus;

6 — human serum to mumps virus; 7 — human serum to rubella virus;

8 — guinea pig serum to cytomegalovirus; 9 — human serum to herpes zoster
virus; 10 — diagnostic control.

Puc. 1. Tutps B gpPIII’A roMOIOrMYHBIX ¥ T€TEPOTOTUYHBIX
UMMYHHBIX CBIBOPOTOK ¥ MOHOKJIOHAJIBHBIX aHTUTEI K BAKITUHHOMY
mrammy JI-16-XA Bupyca KopH.

1 — CBHIBOpOTKA 4eNOBEKa K BHPYCY KOpHU; 2 — CHIBOPOTKA MOPCKOH CBHHKH
K BUpYyCYy KOpH; 3 — CBIBOPOTKA JIOIIa U K BUpYycy kopH; 4 — MKA-221 k re-
MarnIoTHHUHY BHpYyca KopH; 5 — MKA-96 k reMarmioTHHHHY BUpYca KOPH;
6 — CBIBOPOTKA YEJIOBEKA K BUPYCY 3MHAEMHYECKOTO ITAPOTHTA; 7 — CBIBOPOT-
Ka 4eI0BeKa K BUPYCY KPaCHYXH; 8 — CBIBOPOTKA MOPCKOI CBUHKH K IIUTOME-
TaJIoBUpPYCY; 9 — CHIBOPOTKA YeJIOBEKa K BHUPYCY OMOSCHIBAOIIEIO repreca;
10 — KOHTPOJIb TMATHOCTUKYMA.

strains EP-6-CA and RA 27/3-CA, respectively, mumps
and rubella viruses, as well as guinea pig immune sera to
the A169 strain of cytomegalovirus, guinea pig immune
serum to the vZelVax vaccine strain of herpes zoster virus.
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The results clearly demonstrate that the constructed
gpPHAR does not possess spontaneous hemagglutination,
detects neutralizing protective antibodies in humans and
animals against the L-16-CA vaccine strain of the measles
virus, and does not possess cross-immunoreactivity with
immune sera against other viral agents.

Fig. 2 shows the results of titration in gpPHAR of
immune sera from humans, guinea pigs, and goats
homologous to the EP-6-CA vaccine strain. Immune
sera from humans to the vaccine strain vZelVax of the
herpes zoster virus, guinea pig serum to the vaccine strain
vZelVax of the herpes zoster virus, guinea pig serum to the
RA 27/3-CA vaccine strain of rubella virus, serum to the
domestic Rub-Ant vaccine strain of rubella virus, guinea
pig serum to the L-16-CA vaccine strain of measles virus.

The figure clearly demonstrates the absence of cross-
immunoreactivity of immune sera in the gpPHAR
serological test with an antigenic diagnosticum based on
the mumps virus GP.

Fig. 3 shows the results of titration in gpPHAR of
homologous immune sera from humans, goats, and
guinea pigs to the RA 27/3-CA vaccine strain of the
rubella virus and mouse mAbs to the E1 glycoprotein
of the Chendehill (C-74) RV strain of the rubella virus.
Heterologous immune sera include human and guinea
pig sera to vaccine strains of measles, mumps, and herpes
zoster viruses, and guinea pig serum to cytomegalovirus.

The results of titration of immune sera in gpPHAR
allow us to conclude that the constructed antigenic
diagnosticum based on GP E1 of the RA 27/ vaccine
strain 3-CA strain of the rubella virus does not cause
spontaneous hemagglutination and does not possess
cross-immunoreactivity, which is particularly important
for making a correct diagnosis and assessing the quality
of vaccine preparations based on the titers of induced
neutralizing antibodies.

It is known that Vero CCL-81 and Vero ECC cell
cultures are highly sensitive to the measles virus. GP was
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Fig. 2. Titers in gpPHAR of homologous and heterologous immune
sera to the vaccine strain EP-6-CA of the mumps virus.

1 — human serum to mumps virus; 2 — guinea pig serum to mumps virus;
3 — goat serum to mumps virus; 4 — human serum to human herpes zoster
virus; 5 — guinea pig serum to herpes zoster virus; 6 — guinea pig serum to
the rubella virus strain RA 27/3-CA; 7 — guinea pig serum to the rubella virus
strain Rub-Ant; 8 — guinea pig serum to measles virus; 9 — diagnostic control.

Puc. 2. Tutpst B gpPIII'A roM0IOrHUHBIX ¥ FETEPOIOIHYHBIX ChIBO-
POTOK K BaknuHHOMY mtammy DI1-6-XA Bupyca 3nuaeMHUIecKoro
HapoTUTA.

1 — CBIBOPOTKa YeIoBeKa K BUPYCY SMUAEMHYECKOTO TAPOTHTA; 2 — CHIBOPOT-
Ka MOPCKO# CBHHKH K BHPYCY 3IHIEMHYCCKOrO MAPOTHTA; 3 — CBIBOPOTKA KO-
3bI K BUPYCY SMUJICMUYECKOTO ITApOTHTa; 4 — CHIBOPOTKA YEIIOBEKA K BUPYCY
OMOSICHIBAIOIIETO Teprieca YeI0oBeKa; 5 — CBIBOPOTKA MOPCKOW CBHUHKH K BH-
PYyCy OINOSCHIBAIOIIETO repreca; 6 — CHIBOPOTKA MOPCKOH CBUHKH K IITaMMYy
RA 27/3-XA Bupyca KpacHyxH; 7 — CBIBOPOTKa MOPCKOW CBHHKH K IITaMMY
Rub-Ant Bupyca KpacHyXH; 8 — CBIBOPOTKA MOPCKOH CBUHKH K BUPYCY KOPH;
9 — KOHTPOJIb UATHOCTHKYMA.

extracted from cell cultures infected with the L-16-CA
vaccine strain of the measles virus using PHA lectin.
Based on the isolated GP, antigenic diagnostic reagents
were prepared on formalinized sheep erythrocytes for
gpPHAR titration of 14 immune sera from children
who had had measles infection. It was shown that the
titers of neutralizing antibodies in children who had had
measles infection, detected in gpPHAR by two antigenic
diagnostics, differed by only one two-fold step.

Furthermore, blood serum samples from 11 patients
with suspected mumps were examined in three serological
tests in gpPHAR, gpELISA, and ELISA.

Analysis of the results presented in Table 4 shows
that all 11 immune sera tested were positive for mumps
in all three serological tests. The results demonstrate the
high sensitivity of gpPHAR: in most cases, the titers of
samples in gpPHAR were higher than in gpELISA and
ELISA.

Fig. 4 shows the results of titration in HAU, /0.5 mL
in gpPHAR and gpELISA of immune sera from children
who had had rubella before 2000, whose sera were stored
at —20 °C.

Analysis ofthe titration results shows that predominantly
immune sera have identical titers, sometimes differing by
one titer step. In most cases, the titers in gpELISA were

OPUTUHAJbHbBIE NCCNEAOBAHUA

Fig. 3. Titers in gpPHAR of homologous and heterologous immune
sera to the rubella virus strain RA 27/3-CA

1 — human serum to rubella virus; 2 — goat serum to rubella virus; 3 — murine

mADb-257 to rubella virus glycoprotein El; 4 — human serum to the strain

L-16-CA of measles virus; 5 — guinea pig serum to the strain L-16-CA of

measles virus; 6 — human serum to the EP-6-CA strain of mumps virus;

7 — guinea pig serum to the EP-6-CA strain of mumps virus; 8 — guinea pig

serum to cytomegalovirus; 9 — guinea pig serum to herpes zoster virus; 10 —
diagnostic control.

Puc. 3. Tutpst B gpPIII'A roMOIOrMYHBIX ¥ F€TEPOIOTUYHBIX UM-
MYHHBIX CBIBOPOTOK K ITamMmy RA 27/3-XA Bupyca KpacHyXH.

1 — CBIBOpOTKA YeNIOBEKA K BUPYCY KPacHYXH; 2 — CBIBOPOTKA KO3BI K BUPYCY
kpacHyxu; 3 — MKA-257 k mukonporeuny El Bupyca kpacHyxu; 4 — cbIBO-
poTka yenoseka Kk mrammy JI-16-XA Bupyca KopH; 5 — CBIBOPOTKA MOPCKOM
CBUHKH K mTammy JI-16-XA Bupyca kopu; 6 — CBIBOPOTKA 4eJIOBEKa K LITaM-
My OII-6-XA Bupyca naporuta; 7 — CBIBOPOTKa MOPCKOI CBUHKH K IITAMMY
OI1-6-XA Bupyca mapoTuTa; 8 — CbIBOPOTKAa MOPCKOM CBUHKH K LIUTOMETAJI0-
BHUpYCY; 9 — CEIBOPOTKA MOPCKOII CBUHKH K BHPYCY OHOSICHIBAIOIIETO repIeca;
10 — KOHTPOJIb IMATHOCTUKYMA.

lower than those in gpPHAR, which confirms the high
sensitivity of the developed test system.

Discussion

Serological surveillance of measles, mumps, and rubella
infections, i.e., measuring the seroprevalence of antibodies
to these infections, is an important tool for monitoring herd
immunity, vaccination coverage and long-term vaccine-
induced immunity, which allows for the identification
of gaps in immunity and thus provides more rapid
management of measles, mumps, and rubella outbreaks.

High-throughput, efficient, and accurate methods are
necessary to assess complex immunity and facilitate
rapid action to contain infectious outbreaks.

Neutralizing antibodies against measles, mumps,
and rubella infections are a good indicator of clinical
protection against these infections, but they are difficult
to measure [24].

Therefore, the aim of this study was to develop a highly
sensitive, specific, and simple serological test that does
not cross-react with immune sera to other viral agents.

We have previously shown that the gpPHAR serological
test fully meets these requirements for the detection of
neutralizing antibodies in immune sera against varicella-
zoster virus and herpes zoster [23].
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Fig. 4. Determination of titers of immune sera in gpPHAR
and gpELISA based on glycoproteins of the RA 27/3-CA
strain rubella virus.

Puc. 4. OnpeneneHue THTPOB UMMYHHBIX CHIBOPOTOK B gpPIIIA
n gpl DA Ha ocHOBe IIMKONpOTeHHOB mTamma RA 27/3-XA
BUpYCa KPACHYXH.

Table 4. Comparative serum titers of patients with suspected mumps
infection, determined in 3 serological tests

Tadauua 4. CpaBHUTEIBHBIC TUTPHI CHIBOPOTOK HAIMEHTOB C TOI03pe-
HUEM Ha MAPOTUTHYIO HH(EKIINIO, TOCTABJICHHYIO B 3 CEPOJIOrHYeCKUX
TecTax

Serum titers in various serological tests
Immune sera TUTpPBI CHIBOPOTOK
VMMyHHBIC B Pa3INYHBIX CEPONIOTHYECKHUX TECTax
ChIBOpOTKH gpPHAR gpELISA ELISA
gpPIITA gpADA NDA
Ne 1 1:3200 1:200 1:800
Ne2 1:3200 1:3200 1:6400
Ne 3 1:6400 1:200 1:400
Ne 4 1:800 1:3200 1:400
Ne 5 1:3200 1:3200 1:800
Ne 6 1:6400 1:400 1:200
Ne7 1:3200 1:3200 1:800
Ne 8 1:3200 1:200 1:800
Ne 9 1:3200 1:3200 1:400
Ne 10 1:1600 1:1600 1:1600
Ne 11 1:6400 1:1600 1 :400

In this study, we described the creation of three gpPHAR
serological test systems used to evaluate neutralizing
antibodies in immune sera against measles, mumps, and
rubella viruses.

Highly sensitive cell cultures to the three viruses were
identified, allowing viral GP to be extracted in titers
sufficient for the creation of antigenic diagnosticums and
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their sensitization on formalinized sheep erythrocytes.
Antigenic diagnosticums remain effective when stored at
—70 °C until use.

A comparative titration of human and guinea pig
immune sera to vaccine strains of L-16-CA measles virus,
EP-6-CA mumps virus, and RA 27/3-CA rubella virus
was performed in two serological reactions: VNT and
gpPHAR. A 100% correlation of neutralizing antibody
titers in immune sera against measles, mumps, and rubella
was established (Table 3).

In the constructed gpPHAR serological tests, created
on GP of measles, mumps, and rubella viruses sensitized
on formalinized sheep erythrocytes to detect neutralizing
antibodies, the absence of cross-immunospecficity was
clearly established (Figs. 1-3).

Using three serological test systems (gpPHAR,
gpELISA, and ELISA), comparative titration of immune
sera from patients who had recovered from mumps was
performed (Table 4). Homologous results positive for
mumps were found in all three serological tests: gpPHAR,
gpELISA, and ELISA.

Conclusion

An important component of the immune response is
humoral immunity, which is provided by neutralizing
antibodies. The advantage of gpPHAR is that it de-
tects only protective neutralizing antibodies induced
by viruses in both humans and animals. gpPHAR
does not have cross-immunoreactivity, unlike immu-
noenzyme test systems; gpPHAR has high sensitivity
and specificity; gpPHAR is a 100% reproducible test
system and can be easily reproduced in any clinical
laboratory.
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