JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2020; 97(2)
DOI: https://doi.org/10.36233/0372-9311-2020-97-2-125-133

© Nagieva F.G., Barkova E.P, Stroeva A.D., Sidorov A.V,, Lotte V.D., Zverev V.V,, 2020

ORIGINAL RESEARCHES

W) Check for updates

Characterization of Binding of Varicella zoster Virus Vaccine Strains
to Preparations of Mouse Brain Membrane Receptors

Firaya G. Nagieva, Elena P. Barkova, Alexandra D. Stroeva, Alexandr V. Sidorov,
Vera D. Lotte, Vitaly V. Zverev
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Purpose: characterization of vFiraVax (the causative agent of chickenpox — VZV) and vZelVax (the causative
agent of shingles — HZ) vaccine strains by their ability to bind to preparations of brain membrane receptors of
SPF BALB/c mice.

Materials and Methods. The study was performed on cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains
developed by the authors on the basis of the wild-type parental pFira VZV virus (chickenpox causative agent) and
the latent parental IpZel HZ virus (shingles causative agent); vOka vaccine strains isolated from vaccines against
VZV infection from two manufactures (United Kingdom and USA); the HEL-3 strain of diploid cells from human
embryonic lung tissue, the MC 27 strain of diploid cells from human embryonic musculocutaneous tissue, primary
and diploid cells from guinea pig fetal fibroblasts. The VZV infectivity was estimated by the limiting dilution method
using MC 27 cell cultures or guinea pig fetal fibroblasts. The virus titer was measured by the hemadsorption
test performed with suspensions of red blood cells from guinea pig or human type 0 positive blood. Negative
staining and electron microscopy were used to study the virus preparation. The immunogenicity of vFiraVax VZV
and vZelVax HZ virus strains was compared with the immunogenicity of vOka VZV virus strains from different
manufacturers by using a cross-neutralization test with immune sera.

Results. The Russian cold-adapted vFiraVax VZV and vZelVax HZ vaccine strains, the latent parental IpZel HZ
virus and the vOka VZV vaccine strain (United Kingdom) did not bind to preparations of brain neuroreceptors of
SPF BALB/c mice as distinct from the wild-type parental pFira VZV variant and vOka VZV vaccine strains (USA);
the absent neurotropism of Russian vFiraVax VZV and vZelVax HZ vaccine strains is not connected with the
decreased immunogenicity in relation to foreign counterparts; the electron microscope study of the vFiraVax VZV
virus containing liquid concentrate detected VZV nucleocapsids.

Conclusion. The differences in the VZV ability to bind to preparations of brain membrane receptors of SPF BAL-
B/c mice can be explained by the differences in the technology of vaccine manufacturing, including attenuation
techniques, obtaining of the vaccine strain, specific characteristics of the latent parental IpZel HZ virus. The ab-
sence of the binding with brain neuroreceptors of SPF mice has been proved for the Russian vFiraVax VZV and
vZelVax HZ vaccine strains which was is not connected with a decrease in their immunogenicity. The method of
assessment of the binding ability of VZV vaccine strains can be used as a preliminary characteristic of neurotro-
pism for newly created vaccine strains and for vaccine products.
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Llenb paboTbl — oxapakTepun3oBaTb BakUuHHbIe WTammbl VFiraVax (BosbyamTens BeTpsiHon ocnbl — VZV) n
vZelVax (Bo3byauTenb onosicbiBatoLlero repneca — HZ) no nx cnocobHocTy Kk CBA3bIBAHUIO C NpenapaTaMu Mem-
OpaHHbIX peuenTopoB Mo3ra SPF mbiwen nuHnm BALB/c.
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MaTtepuanbi n metogsl. B pabote ncnonb3osanu paspaboTaHHble aBTOpamMmn Ha OCHOBE AMKOIO POAUTENBCKOro
Bupyca pFira VZV (Bo3GyauTenb BETPSIHOWM OCMbl) K NaTEHTHOrO poauTensckoro Bupyca IpZe HZ (Bo3byautens
OMNOSICLIBAKLLENO reprneca) XonogoaganTMpoBaHHblE BakUUHHBLIE BUMPYCHble wTammbl VFiraVax VZV n vZelVax
HZ; BakuuHHble wTammbl vOka, BblgeneHHble U3 BakUMH Ansa npodunaktukn VZV-uHgekuumn aByX Npou3Bo-
avtenen (Benukobputanus, CLA); wtamm AMNNouaHbIX KNeTok rnerkux ambpuoHa yenoseka JIOU-3; wramm
OVNINOWAHBIX KINETOK KOXHO-MbILLEYHOW TKaHu ambpuoHa yenoseka KM 27; nepBuYHblE U OUNNOWAHbBIE KMETKN
¢pubpobnactoB SMOEPMOHOB MOPCKNX CBUHOK.

MHdekunoHHyto akTuBHocTb VZV onpegensnu MeTogoM npedenbHblX pasBefeHUn Bupyca Ha KNeTOYHbIX
kynbTypax KM 27 unu conbpobnactoB aMGpUOHOB MOPCKNX CBMHOK. TUTP BMpYCa yCTaHaBNmMBanu no peakuum
remagcop6bumm co B3BECHIO SpUTPOLIMTOB MOPCKOM CBUHKM NN Yyenoseka «0» rpynnbl, pedyc nntoc. [insa ncene-
[OOBaHWsA BUPYCHOrO nNpenapaTta B 3f1EKTPOHHOM MWKPOCKOMNE MCMOoNb30Banu MeTo HeraTUBHOIO KOHTPacTUpo-
BaHUSA. IMMYHOreHHOCTb BUpYCHbIX WwTammoB VFiraVax VZV un vZelVax HZ cpaBHuBanM ¢ UMMYHOr€HHOCTbIO
BUPYCHbIX wTammoB vOka VZV pasHbix Npon3BOAMTENEN B NEPEeKPecTHOW peakumn HemTpanusaumm MMMYH-
HbIX CbIBOPOTOK.

Pe3ynbTaTbl. OTeYeCTBEHHbIE XONO40aAaNTMPOBAHHLIE BaKUUHHBLIE WTamMMbl VFiraVax VZV n vZelVax HZ, po-
AVTENbCKUA nateHTHbIN Bupyc IpZel HZ v BakuuHHbIM wtamm vOka VZV (BenukobputaHust) He cBA3bIBaNuCh ¢
npenapartamu HeripopeLenTopoB Mo3ra SPF mblwer nnHum BALB/cC B oTnnume oT AMKOro poaMTenbCKOro Bapu-
aHTa pFira VZV n BakuuHHbIX wWtammoB vOka VZV (CLUA); oTcyTCTBUME HEMPOTPOMNHOCTM OTEYECTBEHHbIX BaK-
LUMHHBIX WTammoB VFiraVax VZV n vZelVax HZ He cBsi3aHO CO CHUXEHWEM UMMYHOTEHHOCTU MO OTHOLLEHUIO K
3apybexHbIM aHarnoram; B KOHUEHTpaTe BUupyccoaepxallen xuakoctu vFiraVax VZV npu anekTpoHHO-MUKPOCKO-
NMYECKOM nccrnegoBaHun obHapyxeHbl Hykneokancuasl VZV.

BbiBoabl. CyLLecTBYOT pa3nuuna B cnocobHocTn VZV K CBSI3bIBaHMIO C NpenapaTtaMmum MeMOpaHHbIX peLenTopoB
Mo3ra SPF mbiwen nuHum BALB/c, 06ycnoBneHHble pa3nuumsamMm B TEXHOMOMMSAX CO3AaHNs BaKLUH, B TOM YMcrne
crnocobamu aTTeHyauun, NonyyYeHuUst BaKLUHHOMO WTaMMa, OCOOEHHOCTAMM POAUTENBCKOrO NTATEHTHOIO BUPY-
ca IpZel HZ. [lokazaHo oTCyTCTBME CBSI3bIBaHUS C NpenapaTtamun HelpopelentopoB Mosra SPF mbiwen nuHum
BALB/c oTedyecTBeHHbIX BakLMHHbIX lWTammMoB VFiraVax VZV un vZelVax HZ, He cBfi3aHHOE CO CHUXEHUEM UX UM-
MYHOreHHOCTU. MeTof OLIEHKM CBSI3bIBAOLLEN CMOCOOHOCTU BaKLMHHBLIX WTamMoB VZV MOXeT ObiTb NPUMEHEH
B Ka4yecTBe NpeaBapuUTENbHOW XapaKTepPUCTUKM HEVMPOTPONHOCTU BHOBb CO34aBaeMbIX BaKUMHHbIX LUTAMMOB U
BaKLMHHBIX MpenapaToB.

Knrodeenbie cniosa: supyc eempsiHOU OCrbl U Orosickbigarowie2o eepreca; Oukuli poOumernbCcKul upyc; nameHm-
HbIl podumernbCcKull 8upyc; xonodoadanmuposaHHbIU 8aKUUHHbIU 8UPYCHbBIU wmaMM; ammeHyUpo8aHHbIe 8akK-
UUHHbIEe 8UPYCHbIe wWmaMMbl; rpenapam membpaHHO20 peuernmopa Mo3za Mbiwel; UHGhEKUUOHHOCMb 0bpas-
ua; HellpompornHocme.

UcmovHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBMnsAT 06 OTCYTCTBUM (hMHAHCUMPOBAHMSA NPY NPOBEAEHUMN Nccne-
OOBaHus.

KoHdpbnukm uHmepecoes. ABTOPbI AeKNApUPYHOT OTCYTCTBUE SIBHbIX U MOTEHLMANbHbIX KOH(IUKTOB NHTEPE-
COB, CBA3aHHbIX C MNybnukaLmen HacTosiLLEen CTaTbMy.
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Introduction

The varicella-zoster virus (VZV) is a highly
cell-binding neurotropic human a-herpesvirus that
causes chickenpox and shingles (HZ). After the pri-
mary infection, the VZV establishes persistent latent
infection in sensory ganglia of the peripheral nervous
system to become reactivated later at the induction of
neurological disorders. Primary and recurrent VZV in-
fections are hard to treat in patients with a weakened
immune system, as the outcome depends on an efficient
cell-mediated immune response. The VZV reactivation
from latency in sensory nerve ganglia is a direct conse-
quence of VZV neurotropism [1-3].

Several in vivo models have been developed to
study VZV neurotropism, latency and reactivation [4,
5]. While being informatively valuable, these in vivo
models are not suitable for mechanistic studies. Fur-
thermore, they are unavailable to the wider scientific

community, as they are technically challenging, costly
and are not ethically approved in some countries [6].

Experts are especially concerned about neurotro-
pism of VZV vaccine strains. The vOka VZV vaccine
strain and its ability to prevent reactivation are being
debated due to its characteristic neurovirulence [7].

Most commonly, neurotropism of virus vaccine
strains for cell culture-derived vaccines is studied by
infecting the brain of rhesus monkeys (Macaca mulat-
ta) susceptible to VZV.

The research paper [8] offers the method of attenu-
ation of viruses depending on their ability to bind or not
to bind to human, monkey or rodent brain membrane
receptors (BMR). The authors relied on the data that the
virus is not able to infect a susceptible cell, if its viral
protein does not bind to the surface molecule acting as
a receptor for the virus. The method of viral attenuation
implies screening candidates for live virus vaccines by
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selecting the virus variants that do not bind to BMR
preparations. The authors’ objective was to select the
virus variants that do not bind to BMR preparations out
of the mix of wild-type viruses and human, monkey or
rodent BMR preparations; in other words, the authors
offered a new method of producing attenuated viruses.

We decided to use the offered method for assess-
ment of the ability of traditionally attenuated VZV
vaccine strains to bind to preparations of mouse brain
neuroreceptors.

We obtained two cold-adapted (CA) VZV strains:
vFiraVax VZV and vZelVax HZ [9, 10]. The clinical iso-
late for vFiraVax attenuation was obtained from a healthy
6-year-old child; the isolate for vZelVax was obtained
from an adult 63-year-old man during the reactivation
of herpes zoster infection. For both CA viral strains, we
thoroughly studied their biological activity in different
cell cultures, biological markers of attenuation, and in
vivo immunogenicity in guinea pigs. The method of ob-
taining vaccine preparations is distinct in the specific at-
tenuation of strains at lower temperatures and in creating
vaccines from extracellular virus-containing materials.

Purpose: assessment of the ability of the Russian
CA VZV strains and their foreign counterparts to bind
to BMR preparations of SPF BALB/c mice.

Materials and Methods

The study was performed on the strain of diploid
cells from human embryonic lung tissue (HEL-3), the
strain of diploid cells from human embryonic mus-
culocutaneous tissue (MC 27), the primary cell cul-
ture of guinea pig fetal fibroblasts (pcGPFF) and the
strain of diploid cells from guinea pig fetal fibroblasts
(dcGPFF). Cell cultures were grown in a DMEM/F-12
(PanEco) medium with 10 mM HEPES, 5% fetal calf
serum (FCS; HyClone) with addition of 2 mM L-gluta-
mine and 40 pg/ml gentamicin.

The studied viruses were as follows:

 wild-type parental pFira VZV virus variant —
pFira VZV;

* CA vFiraVax VZV vaccine strain — vFiraVax
VZV;

* latent parental IpZel HZ variant — 1pZel HZ;

* CA vZelVax HZ vaccine virus strain — vZel Vax
HZ;

» vOka VZV vaccine virus strain, isolated from
vaccine against VZV infection (USA) — vOka
VZV (USA);

e vOka VZV vaccine virus strain, isolated
from vaccine against VZV infection (United
Kingdom) — vOka VZV (UK).

The wild-type virus variants — pFira VZV and Ip-

Zel HZ — were attenuated by using a traditional meth-
od of passaging clinical isolates at a lower temperature
(30°C) in cell cultures: HEL-3 — 12 passages, pcG-
PFF — 6 passages, HEL-3 — another 2 passages. The
duration of one passage was 10 days.

127

ORIGINAL RESEARCHES

The VZV infectivity was estimated by using MC
27 or dcGPFF cell culture grown on 24-well plates. The
seeding density was 10° cells/well. A tenfold dilution of
the virus-containing fluid (VCF) was performed from
101 to 10719 0.1 ml of VCF was added to the plate wells
with testing culture. The contact between VCF and the
cell monolayer lasted 1.0—1.5 hours at 36.5°C. Upon
completion of the contact, all the wells, including con-
trol wells with uninfected cells, were filled with 0.9 ml
of maintenance medium — DMEM with 2% FCS. The
virus titer was measured on the 7" day from the time
of infection by using a hemadsorption test performed
with 0.25% suspension of red blood cells from guinea
pig or human type 0 positive blood. The virus titer cor-
responded to the highest virus dilution causing hemad-
sorption in 50% of infected cultures, with no hemad-
sorption in control uninfected cell cultures.

The 0.25% guinea pig or human red blood cell
suspension was prepared by three-time washing of red
blood cells with normal saline 0.9% NaCl. 0.3 ml of
red blood cell suspension was added to each well with
infected and uninfected control cells prewashed with
phosphate-buffered saline (PBS). The suspension was
left for 30 min at 4°C and for another 30 min at room
temperature. Then the plate wells were washed three
times with normal saline 0.9% NaCl to wash away red
blood cells; the presence or absence of hemadsorption
was registered with a light microscope (x70).

Guinea pigs, 300400 g in weight, were immu-
nized subcutaneously with a single vaccine dose con-
taining VZV vaccine strains: vFiraVax VZV, vZelVax
HZ, vOka VZV (USA). Cardiac puncture was made on
the 37" and 80" days after the immunization. The ob-
tained immune sera were treated with RDE-11 (Seiken)
to remove thermolabile and thermostable inhibitors of
serological tests.

The cross-neutralization test was performed on
MC 27 cell culture grown on 24-well plates (Costar).
The cells were grown in a DMEM/F-12 medium with
5% FCS, 2 mM of glutamine and 40 pg/ml of genta-
micin. In total, 10 dilutions of the immune virus-spe-
cific serum were prepared in two steps, starting from
1: 50. 0.2 ml of 1000 doses (1 vaccine dose in 0.1
ml) was added to each immune serum dilution; then
the mixture was vortexed and left for 1 hour at 37°C,
being vortexed repeatedly every 15 minutes. After the
medium was removed from the 24-well plates with
grown cells, 0.1 ml of the mixture was added to every
2 wells of the same dilution and was left in an incuba-
tor for 1 hour at 37°C and 5% CO.,. After the contact
was over, 0.8 ml of DMEM maintenance medium with
2% FCS was added to each well, and the cultivation
continued for 7 days. Each plate received virus dose
control and cell control.

The dcGPFF cell culture was grown in 3 culture
flasks with a surface area of 175 cm?. After the uniform
cell monolayer was formed, the medium was removed



KYPHAJ1 MUKPOBNOOTUW, SMTUMAEMNONOTUU N UMMYHOBWUOJTOTUN. 2020; 97(2)

DOI: https://doi.org/10.36233/0372-9311-2020-97-2-125-133

OPUTMHAJIbHBIE NCCNEAOBAHNA

from the flasks; the cell monolayer was washed twice
with PBS containing Ca* and Mg**ions; 5 ml of HEL-3
cell suspension infected with vFiraVax VZV was added
to the cell monolayer. The contact between the infected
cells and the cell monolayer continued 2 hours at 30°C.
After completion of the contact, 35 ml of DMEM main-
tenance serum-free medium was added to the infected
culture flasks, and the cultivation continued for 14 days
at 30°C. Then the culture flasks containing infected cells
were frozen three times at 70°C and then thawed repeat-
edly. The infected cell suspension in a volume of 100 cm?
was centrifuged at 4,000 rpm (Gouan) during 15 minutes
at 4°C. The resulting supernatant was removed into cen-
trifuge tubes for further ultracentrifugation in an Optima
centrifuge, Rotor SW 32T, at 25,000 rpm during 3 hours.
The residue collected in the tris-buffer was checked for
infectivity and handed over for electron microscopy.

Electron microscopy. Negative staining was used
to study preparations with an electron microscope. In
the above method, we used non-selective absorption
of samples present in the suspension and an electron
microscopic grid coated with formvar film stabilized
with carbon. One of the immunoelectron microscopy
methods was used to increase the amount of virus-spe-
cific samples on the film. In compliance with this me-
thod, samples were adsorbed to a carbon-formvar film
pre-sensitized with VZV immune serum. All prepa-
rations were fixed in 4% paraformaldehyde pH 7.0,
rinsed with PBS and counterstained with 1% solution
of phosphotungstic acid pH 7.0.

The preparations were studied in a GEM-100 CX
electron microscope at a magnification of 58,000 and
photographed by using AQFA film.

Total DNA isolation. Viral DNA was isolated
from the samples by using the standard method of phe-
nol-chloroform extraction [9] with some modifications,
namely: After alcohol precipitation, the samples were
additionally purified through microdialysis by using the
following centrifugal filters: Ultra 0.5 ml 3K membrane
(Millipore). The purification was performed 5 times;
480 pl of Tris 10 mM was added to 20 pl of the sample
that was further centrifuged.

DNA nonspecific amplification. To increase the
amount of viral DNA in the samples we performed non-
specific amplification with the help of a Ready-To-Go
GenomiPhi V3 DNA Amplification Kit and using the
manufacturer’s protocol.

The real-time PCR was conducted by using the
described technique [11]. The reaction mixture for
PCR was prepared immediately before PCR (1 reac-
tion requires: 10 pl 2.5X buffer with Tag-polymerase;
1 pl TagMan probe VZV 29 at a concentration of
10 uM; 2 pl forward and reverse primers at a con-
centration of 5 uM; 7 ul water). PCR was conducted
with Prime 95 DT thermal cycler (DNA Technology),
following the protocol: Initial denaturation at 95°C for
120 sec, then 45 cycles at 95°C for 15 sec and at 55°C

for 60 sec. The reaction results were measured by the
threshold cycle, using the software of the thermal cy-
cler manufacturer.

Cloning and sequencing of viral DNA. The DNA
samples were used as matrices to amplify a 815 base-
pair DNA fragment of viral genome encoding open
reading frames 0 and 1; the following primers were
used: CGCCAGCCTTTAACAAAAC (forward) and
TATTTTTGGGATCCGCAATG (reverse). PCR was
performed with a TProfessional Gradient thermal cy-
cler (Biometra) and with the Phusion High-Fidelity
DNA Polymerase, following the recommendations of
the fragment manufacturer.

The PCR products were treated one time with
Tag-polymerase (to receive 3'-A ends); then they were
cloned in a pAL2-T vector (Evrogen) with the help of
T4 DNA-ligase to be further transformed into a E. coli
XLBlue strain to go further through screening by us-
ing the antibiotic ampicillin as a selection marker and
through blue-white screening with a chromogenic sub-
strate X-Gal.

Plasmid DNA was isolated from individual clones
and then analyzed by using agarose gel electrophoresis
in the presence of ethidium bromide, then nucleotide
sequences of insertions were identified. The synthesis
of primers and sequencing was commissioned to Evro-
gen and Syntol.

Bioinformatic methods. To design primers and
probes, to decide on a cloning strategy and to analyze
nucleotide sequences we used Vector NTI software.

Obtaining mouse BMR. Brains we dissected out
of 15-20 heads of 4-week-old SpF BALB/c mice, mea-
sured their weight (4.7-6.3 g), added 50 mM tris-buf-
fer pH 7.6 and homogenized in a Dounce homoge-
nizer. The homogenate was centrifuged in a benchtop
centrifuge at 14,000 rpm at 4°C during 15 min. The
weight-volume ratio was 1 : 7. The supernatant was
decanted, then the buffer was added in the same vo-
lume to the precipitate and the process was repeated
twice. Between the 2™ and the 3™ centrifugation, the
homogenate was incubated at 37°C during 10 min. The
final precipitate was resuspended in DMEM medium
with 2% FCS; the moist brains were stored at —70°C
until use. The protein concentration in the brain mix
was measured with a NanoPhotometer NP 89-Touch
spectrophotometer. The protein concentration in the
precipitate must be within a 20-40 mg/ml range. In
our tests, we used 38—40 mg/ml of the preparation of
BMR of SpF BALB/c mice.

Determination of residual infectioion activity af-
ter binding of the virus to mouse brain neuroreceptors.
100 ul of VCF of pFira VZV (2™ passage), vFiraVax
VZV (20" passage), IpZel HZ (2™ passage), vZelVax
HZ (20™ passage), vOka (USA), vOka (UK) strains
were used to add 900 pl of brain neuroreceptors of
SpF BALB/c mice. 100 pl of VCF of the above VZV
variants were used to add 900 pl of tris-buffer. Con-
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Fig. 1. Electron microscopy (x150,000), the scale bar corresponds to 100 nm.

trol: 900 pl of mouse brain neuroreceptors was added
to 100 pl of tris-buffer. All the above listed samples
were incubated at 37°C during 30 min, including re-
gular shaking every 5 min. Then all the samples were
centrifuged at 14,000 rpm during 15 min to remove the
membrane material and bound virus.

The residual viral infectivity of the samples was
checked in the supernatant through titration and using
the limiting dilution method in VZV-sensitive dcGPFF
cell cultures. The infectivity was estimated with the
help of hemadsorption test with 0.25% suspension of
red blood cells from guinea pigs.

The data were analyzed with the help of GraphPad
Prism statistical software.

Results

To confirm the VZV presence in the study material
we analyzed the vFiraVax VZV strain VCF concentrate
with an electron microscope. The negative staining tech-
nique detected only nucleocapsids of the CA vFiraVax
VZV strain at the 20" passage level (Fig. 1). For reasons
not yet understood, virions of extracellular VZV VCF
have not been detected by electron microscopy [12].

The virus identity was also confirmed by using
partial sequencing of isolated plasmid DNA fragments
encoding orf 0 of pFira VZV and IpZel HZ strains on
the 8" passage. The genome section equal to 580 nu-
cleotide sequences of DNA of VZV variants partially
attenuated at a lower temperature was compared with
the European strain Dumas and with Japanese pOka
VZV and vOka VZV strains (Fig. 2).

The preliminary phylogenetic analysis showed
that partially attenuated pFira and IpZel VZV variants,
which are used in creating Russian CA vaccine strains,
are closely related to strain Dumas, thus corresponding
to the European VZV type, and are slightly different
from the Japanese genotype (Fig. 3).

The mutation in position 567 (T567C, Stop-Arg)
(Fig. 2) is one of the molecular determinants of the
weakening virus in vaccine strains as compared to wild-
type viruses. The comparative analysis of viral nucleo-
tide sequences showed that pFira VZV and IpZel HZ

129

strains are partially attenuated during earlier passages
and do not contain the mutation typical of attenuated
vaccine strains [13—15].

The most important feature of live attenuated vac-
cines is their higher efficiency as compared to inactiva-
ted vaccines, as they are able to produce stronger innate
and adaptive humoral and cellular immune responses.

The immune serum for the CA vFiraVax VZV vi-
rus strain, which was obtained on the 37" and 80" days

IpZel
Dumas
pFira

pOka

vOka (UK)
vOka (USA)
Consensus

IpZel
Dumas
pFira

pOka

vOka (UK)
vOka (USA)
Consensus

IpZel
Dumas
pFira

pOka [
vOka (UK)
vOka (USA)

Consensus

Fig. 2. Alignmemt of the nucleotide sequences of the viral
DNA of strains of Varicella zoster virus (VZV).

Dumas — European wild-type VZV.
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5K-1 (-0.0300)

4N2 (0.0300)

5K-2 (-0.0174)

— Dumas0-1 (0.0014)

pOka_0-1 (-0.0003)

L vOka(GSK) (0.0018)

L yOka(M) (0.0008)

Fig. 3. Phylogenetic analysis of various VZV strains.
5K1 and 5K2 — isolate clones pFira; 4N2 — isolate clone IpZel.

after the immunization of guinea pigs, equally efficient-
ly neutralized all the three VZV strains (Fig. 4): The
highest neutralizing activity was demonstrated with the
homologous strain, while the lowest activity was ob-
served with the vOka VZV (USA) vaccine strain. The
immune serum for the vOka VZV (USA) vaccine strain,
which was obtained on the 37" day after the immuni-
zation of guinea pigs, equally efficiently neutralized all
the three VZV strains, including the homologous vOka
VZV (USA) vaccine strain.

The immune serum for the vOka VZV (USA)
strain, which was obtained on the 80" day after the im-
munization, had slightly different neutralizing activity.
This high-titer immune serum neutralized all the three

6400 6400
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3200 H
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800 -

400 A

200 H

100 A

T

50

vZelVax vOka (USA)I vFiraVax

37" day 80" day
Immune serum to VZV vFiraVax

vFiraVax

studied VZV strains. The results obtained from the
cross-neutralization test clearly demonstrated that do-
mestic CA vFiraVax VZV and vZelVax HZ strains were
as good as the vOka VZV (USA) strain in terms of their
immunogenicity in vivo testing in guinea pigs.

The specific characteristics of VZV binding to
brain neuroreceptors of SPF BALB/c mice were as-
sessed through comparison of wild-type viruses with
attenuated vaccine strains [16]. When the CA vFiraVax
VZV strain of the 20" passage was compared with its
wild-type parental variant of the 2™ passage, it was found
that the wild-type pFira VZV virus variant binds to the
preparation of brain neuroreceptors of SPF BALB/c
mice, having a binding index of 2.0 Ig HAU,  (Ta-
ble); the binding percentage is 25.03, while vFiraVax
VZV lost completely nervous tissue tropism.

A different picture is demonstrated by the latent
parental lpZel HZ virus of shingles, which existed for
over 50 years in sensory nerve ganglia of a 63-year-
old patient; it continuously reactivated and caused
post-herpetic neuralgia. This latent parental lpZel HZ
virus and its CA vZelVax HZ vaccine strain lost tropism
to nervous tissue of SpF BALB/c mouse brain.

Interestingly, the vOka VZV (USA) vaccine strain
can bind to preparations of brain neuroreceptors of SPF
BALB/c mice. The binding index is 1.0 lg HAU, |
> the binding percentage is 15.4. On the other hand,
the vOka VZV (UK) virus strain lost tropism to brain
neuroreceptors of SPF BALB/c mice. In our opinion,
the different binding ability of the same Japanese vOka
VZV vaccine strain can be explained by different back-
ground of passages in cell cultures from different ma-
nufacturers.

Thus, the relatively simple method of assessment
of the ability of VZV vaccine strains to bind to brain

6400 6400

3200 3200 3200 3200

vZelVax vOka (USA)I vFiraVax

vZelVax vOka (USA)

37" day 80" day
Immune serum to VZV vOka (USA)

Fig. 4. Cross-neutralization test of attenuated VZV strains (1,000 doses) with immune serums of guinea pigs on the 37
and 80" days since the immunization.

Ordinate: Neutralization titers of immune serums: 100% protection.
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Comparative assessment of the binding of VZV strains to BMR preparations SPF BALB/c mice

Infectivity, Ig HAU

50/0,1 mi

Viral strain p The binding index, Ig HAU,,, ; Binding, %
virus + buffer (n = 4) virus + BMR (n = 4)
vFiraVax Vzv 7.5+0.029 8.5+0.036 <0.001 -1.0 0
pFira VZV 8.5+ 0.051 6.5+ 0.035 <0.001 2.0 25.03
vZelVax HZ 7.5+0.041 7.5+0.029 >0.05 0 0
IpZel HZ 8.0 £ 0.041 8.5+ 0.046 <0.05 -0.5 0
vOka VZV (UK) 7.0 £0.034 7.5+0.029 <0.05 -0.5 0
vOka VZV (USA) 6.5+ 0.005 5.5+ 0.055 <0.001 1.0 15.4

Note: BMR — brain membrane receptors; HAU — hemoadsorbtion unit.

neuroreceptors of SPF BALB/c mice can be important
for preliminary evaluation of neurotropism of new vac-
cine strains.

The tests clearly demonstrated that the Russian
CA vFiraVax VZV u vZelVax HZ strains, which we
created, do not bind to rodent brain neuroreceptors in
contrast to their wild-type parental variants.

Discussion

Although the present-day varicella vaccines are
substantially attenuated, they can retain residual neuro-
virulence and damage sensory ganglia. The factors par-
ticipating in invasion of neurons and in establishment
of latency are still not clear [7].

In vivo studies of VZV neurotropism involve
problems, as the virus causes diseases only in people
and rhesus monkeys (Macacca mulatta) [17]. These
studies are challenging and costly [18-20].

The purpose of our study was to characterize vari-
cella zoster virus vaccine strains — vFiraVax VZV and
vZelVax HZ — by their ability to bind to preparations
of brain membrane receptors of SPF BALB/c mice.

Prior to performing the main test for checking the
ability of VZV vaccine strains, which we created, to
bind to brain neuroreceptors of SPF mice of the BAL-
B/c line, we used the electron microscopy data to check
for the presence of nucleocapsids in the VCF concen-
trate of vFiraVax VZV vaccine strain and we used the
findings of partial sequencing of the isolated plasmid
DNA fragments encoding orf 0 to confirm their simila-
rity to the European VZV strains.

Then we compared the main and the most im-
portant function of vaccine strains — immunogenicity
in vivo. For this purpose, we conducted a cross-neu-
tralization test by using vFiraVax VZV and vZelVax
HZ vaccine strains as well as foreign vOka VZV
(USA) strains and sera from guinea pigs immunized
subcutaneously with a single vaccine dose. The immu-
nogenicity of all the studied strains was high, and the
Russian vaccine strains were as good as the foreign
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vOka VZV (USA) vaccine strain in terms of immu-
nogenicity.

In our tests, the wild-type parental pFira variant
bound to the mouse BMR preparation as distinct from
its CA vFiraVax VZV vaccine strain. On the other hand,
the latent parental IpZel variant and the CA vZelVax HZ
vaccine strain did not bind to the mouse BMR prepara-
tions. The tests demonstrated difference in the binding
ability of the vOka VZV vaccine strain obtained from
vaccines from different manufacturers: vOka VZV (UK)
vaccine strain did not bind to mouse brain membrane re-
ceptors, while the binding index for vOka VZV (USA)
vaccine strain was 1 1g HAU 50/0.1 ml.

The above differences, in our opinion, can be ex-
plained by differences in the technology of manufactur-
ing vaccines based on the vOka VZV vaccine strain: the
intracellular virus bound to the cell material, the extra-
cellular virus-containing material used by foreign and
Russian manufacturers, different methods of attenua-
tion [9] and obtaining of the vaccine strain, the specific
characteristics of the parental IpZel HZ virus due to long
staying of the latent virus in human nerve ganglia. The
study confirmed the absence of binding to mouse brain
neuroreceptors for the Russian vaccine strains boasting
immunogenicity comparable with the immunogenicity of
the foreign counterparts; it also proved that the proposed
method can be used for the preliminary assessment of
VZV neurotropism in newly created vaccine strains and
vaccine preparations.
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