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Introduction. Rubella is currently an infection controlled by specific prophylaxis. Not only the right vaccine prophy-
laxis strategy and tactics, but also the use of effective and safe vaccine preparations is crucial for the elimination
of this disease.

The aim of the investigation was to study the morphological and pathogenetic patterns of changes developing in
the central nervous system (CNS) and internal organs of monkeys (Haplorhini) during intracerebral inoculation
with 2 strains of rubella virus (Matonaviridae: Rubivirus: Rubella virus) (RV): highly attenuated Orlov-B, and low
attenuated Orlov-14.

Material and methods. In the experiments, seronegative rhesus macaque monkeys (Macaca mulatta) weighing
3.3-5.1 kg (n = 7) were used. Neurovirulence of the strains was determined by a complex of clinical, pathomor-
phological, and virological methods.

Results and discussion. It was found that during attenuation, the Orlov-B strain lost the ability to replicate in CNS
cells and induce moderate/expressed specific changes in them, as well as to overcome the blood-brain barrier and
cause the damage of sensitive organs and tissues. This fact indicates a low level of residual neurovirulence of the
vaccine strain.

Conclusion. The results obtained in this study regarding the clinical symptoms of CNS lesions and the nature of
the pathological process in its tissues in experimental animals can be significant for the improvement of safety
control of live rubella vaccines. These data indicate that the Orlov-B strain can be considered as a candidate strain
for further study on the development of a rubella vaccine based on the domestic vaccine strain.
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CpaBHUTENbHbLIK aHaNU3 OCTaTOYHOU HEUPOBUPYIIEHTHOCTU
BaKUMHHOIO M HU3KOATTeHYMPOBAHHOrO WTaAMMOB BUpyca
KpacHyxu (Matonaviridae: Rubivirus: Rubella virus)

B 3KCNepuMeHTe Ha ob6e3bsAHaxX BUaa Makak pe3syc

(Macaca mulatta)

LWamcytauHosa O.A.", bynrux [.B.", Kapan-ornel [.1.", JTaBpeHTbeBa W.H.2, Knou N.H."

'OIBHY «Hay4yHo-uccnegoBaTenbCckuii MHCTUTYT MeAMUMHCKON npumaTonorum» MnHo6pHayku, 354376, Coun, Poccus;
20BYH «CaHkT-lNeTepbyprckuii Hay4YHO-UCCNenoBaTENbCKUIA MUHCTUTYT 3NMAEMUONorum 1 Myukpobuonorum um. Mactepa;
depepanbHo cnybbl Mo Hag3opy B cdepe 3almTbl NpaB notpebuTenen u Gnarononyyns vyenoseka (PocnotpebHaasop);
197101, CankTt-leTepbypr, Poccus

Beepnenue. KpacHyxa B HacTosilee BpeMs NpeacTaBnseT cobov MHMeKUMIo, ynpaBnsemMyo cpecrsaMmum cnew-
ncuyeckon npocunakTvkn. 4na nukeMaaumm aToro 3aboneBaHns peluatoLlee 3Ha4eHe UMEKT He TOMbKO npa-
BUMbHO BblbpaHHbIe CTpPaTerns U TakTUKa BakUMHONPOMUNAKTUKNA, HO U NpUMeHeHne addeKkTuBHbIX 1 6esonac-
HbIX BaKLUWHHbIX NpenapaToB.

Llenb nccnenosaHns — nsydyeHne Mopdonornyecknx 1 natoreHeTUYECKUX XapakTepUCTUK N3MEHeHWN, pa3suBa-
IOLLMXCS B LeHTpanbHon HepsHol cucteme (LIHC) n BHyTpeHHMX opraHax o6e3bsiH (Haplorhini), npy nHTpauepe-
OpanbHoOW MHOKYNsAUuKM 2 WTamMMmamm Bupyca kpacHyxu (BK) (Matonaviridae: Rubivirus: Rubella virus): Bbicokoar-
TeHyMpoBaHHbIM «OproB-B» n H13KkoaTTeHynpoBaHHbIM «OpnoB-14».

Marepuan u metoabl. B akcnepumeHTax ncnonb3oBanu cepoHeratueHbIX K BK 06e3bsiH Buaa makak pesyc (Macaca
mulatta) maccon 3,3-5,1 kr (n = 7). OnpegeneHvie HeMpPOBUNPYNEHTHOCTMN LLUTAaMMOB BbINOSHANN NOCPEACTBOM KOM-
nnekca KNMHNYecKkMx, NatoMopdornorm4ecknx n BUpycornorniyecknx metogos. KnmHudeckoe HabnogeHne 3a XuBoT-
HbIMW OCYLLECTBNANN EXEOHEBHO Ha MPOTSXKEHWUM 28 cyT nocrne UHOKyNsumMn. TUTpoBaHWe BUpyca NpoBOAWIN B CO-
OTBETCTBUM CO CTaHAAPTHOW METOAMKON Mo uuTonatudeckomy agevictaumio (LMA) (nokasatento TL, /mn — TkaHesas
uuTonaTtunyeckas gosa) B kKynsrype knetok BHK-21. Tutp BK paccuntbiBany no metogy Puaa n Merua.
Pe3ynbrathl n 06cyxaeHue. YCTaHOBEHO, YTO B NpoLiecce atTeHyauum wramm «Opnos-B» yTpaTtun cnocobHocTb
K pennukaumu B knetkax LIHC u nHOoyumMpoBaHUIO B HUX YMEPEHHbIX/BbIPAXKEHHbIX CMELMMUYECcKUX N3MEHEHWN,
a TaKke K NpeodofieHnio remaToaHLedannyeckoro 6apbepa ¢ nopaxeHnem 4yBCTBUTENbHBLIX OPraHOB U TKaHen.
YkasaHHbI hakT CBUAETENbCTBYET O HA3KOM YPOBHE OCTATOMHOW HEVPOBUPYIEHTHOCTU BaKLMHHOIO LWTAMMa.
3akntoyeHue. MNonyyeHHble B pamMKax HaCTOSILLLEro UCCNeaoBaHns pesynbsTaTbl OTHOCUTENBbHO KIIMHUYECKUX CUM-
nTomoB nopaxeHuns LLHC 1 xapaktepe naTonorm4eckoro npowuecca B €€ TKaHsiX Y 3KCNepuMeHTanbHbIX XXMBOTHbIX
mMogenen MoryT 6biTb 3HAaYMMbIMK AN COBEPLUEHCTBOBAHWUS KOHTPOMSA 6€30MacHOCTY XUBbIX KPaCHYLUHbIX Bak-
UMH. OTU JaHHble NMO3BONSAT paccMaTtpueath WwWramMM «OproB-B» B kayecTBe kaHAUAATHOrO Mpv AanbHenwen
paboTe No co3gaHnio KpaCcHYLLHOM BaKLMHbI HA OCHOBE OTEYECTBEHHOIO BaKLUMHHOIO LWTaMma.

Knroyeesnble crioea: ocmamoyHasi HeliposupyrieHmHocmb,; supyc kpacHyxu (BK); ammeryayusi; 06e3b5iHbI Makak
pesyc (Macaca mulatta)

Onsa umtupoBaHua: WamcytanHosa O.A., bynruH O.B., Kapan-ornel [.4., JlaBpeHTheBa W.H., Knoy N.H. Cpas-
HUTEMbHbIA aHanM3 OCTaTOMHON HENPOBMPYNEHTHOCTU BaKLUMHHOTO U HU3KOATTEHYMPOBAHHOMO LUITAMMOB BMpYyCca
kpacHyxu (Matonaviridae: Rubivirus: Rubella virus) B akcnepuMmeHTe Ha obe3bsiHax BMAa Makak pesyc (Macaca
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Introduction

Rubella virus (Matonaviridae: Rubivirus: Rubella vi-
rus) (RV) is the causative agent of anthroponous infection
that occurs in the form of mild infectious exanthematosis
in children and severe intrauterine damage to the fetus in
pregnant women, which leads to disruption of human on-
togenesis, the development of congenital malformations
and as a consequence to spontaneous abortion, stillbirth
and the birth of children with congenital rubella syn-
drome (CRS) [1, 2].

Currently, specific prophylactic of rubella infection,
and especially the prevention of CRS, is carried out us-
ing live vaccines [3, 4]. Due to the fact that live vaccines
contain although weakened but live neurovirulent strains,
increased requirements are imposed on vaccine strains in
terms of their attenuation level [5, 6]. Thus, when test-
ing the derivative of the first licensed HPV-77 strain,
HPV-77DES5 [7] and an experimental series of vaccines
prepared from the 16th passage the Orlov strain [8] on
volunteers, the clinical reactions typical of rubella were
revealed in a number of cases: rash, fever, and enlarge-
ment of the occipital lymph nodes. In this case, the re-
actogenicity of the «Orlov» strain was 30%. Therefore
according to the current regulatory documents, the safety
of attenuated vaccines, along with immunogenicity, is the
most important criterion for the suitability of a strain as
a live attenuated vaccine [9].

Thus, the study of the character and features of the ru-
bella pathological process in the central nervous system
and extra neural organs of monkeys (Haplorhini) intrace-
rebrally infected with rubella virus strains with different
levels of attenuation is very relevant.

The aim of this work was to study the pathogenesis
features of the rubella pathological process develop-
ing in the central nervous system (CNS) and internal
organs of monkeys intracerebrally inoculated with a
highly attenuated strain Orlov-V and a low-attenuated
one Orlov-14.

Material and methods
The highly attenuated vaccine strain Orlov-V
(39 passages in a primary trypsinized culture of rabbit
kidney cells (PPK)), and a low-attenuated strain Or-
lov-14 (14 passages in PPK) of rubella virus obtained

from the collection of the Pasteur’ St. Petersburg FSBI
«Saint Petersburg Pasteur Research Institute of Epide-
miology and Microbiology» («RI MP») were used.

The study was carried out on 7 clinically healthy
Macaca mulatta weighing 3.3-5.1 kg, born and kept
in the colony of the FSBRI «RI MP». The animals se-
lected for experiment did not have the neutralizing
antibodies to RV. The monkeys were randomized in-
to 3 groups. The animals of the first group (n = 3) were
injected intracerebrally with a preparation of highly
attenuated strain Orlov-V with an infectious titer of
4.7 1g TCID,/0.5 ml. Monkeys of the second group
(n = 3) were injected differentially with a material con-
taining a low-attenuated strain Orlov-14 with an infec-
tious titer of 4.7 1gTCD, /0.5 ml or 3.8 Ig TCD, /0.5 ml.
An animal of the third group (n = 1) was injected with
a solvent for a lyophilized commercial rubella vaccine
(water for injection).

The virus-containing material was administered to
monkeys under deep anesthesia, which was achieved
by the injection of 0.1 ml of xyla (InterchemiVerken
De Adelaar Eesti AS, Estonia) and 0.05 ml of zoletil
(Valdepharm, France) per 1.0 kg of animal weight.
The material was injected in a volume of 0.25 ml into the
optic tubercle of each cerebral hemisphere. With the aim
of the subsequent formation of a «biological suture» at
the time of infection, the scalp was pulled back and fixed
by hand. The needle 5.0 cm long and 0.6 mm in diameter
was used for infection. The virus-containing material was
injected into the trepanation hole made with a drill with
a diameter of 1.5 mm, retreating 0.5 cm back from the
coronary suture and 1.0 cm lateral to the sagittal suture to
a depth of 2.5 cm.

Clinical observation of the monkeys was carried out on
daily basis for 28 days, during which the presence or ab-
sence of general clinical symptoms (loss of appetite, fe-
ver, lethargy, anxiety) and signs of CNS damage (tremor
of the extremities, impaired coordination, paresis, paraly-
sis) were recorded.

The animals were sacrificed on the 12, 21 and 28 days.
Before euthanasia, the monkeys were put into deep anes-
thesia by injecting 1.0 ml of zoletil (Valdepharm, France)
and 4.0 ml of xyly (Interchemiverken De Adelaar Eesti
AS, Estonia) into the inguinal vein of the animal. After
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the animal entered deep sleep, 5.0 ml of listenone (Takeda
Austria GmbH, Austria) was injected into the same vein,
which led to complete cardiac arrest.

For histological and virological studies during autop-
sy, tissues of the CNS (brain and spinal cord), lymph
nodes (submandibular and posterior cervical), internal or-
gans (lung, liver, kidney, spleen), and cerebrospinal fluid
(CSF) were taken.

Rubella virus titration was performed by cytopathic ac-
tion (CPE) on BHK-21 cell culture. A 10% suspension
in 0.9% NaCl was prepared using the material from var-
ious parts of the CNS and internal organs. To obtain the
supernatant the suspension was centrifuged for 10 min
at 1000 rpm. The resulting supernatant was used to pre-
pare serial 10-fold dilutions ranging from 10! to 107,
Then, 100 pl of each of the dilution was added to 4 wells
of a 96-well culture plate. Infected and control cell cul-
tures were cultured in incubator with 5% CO, at 35 °C.
The results were scored on the 12 day accoréing to the
CPE reaction. The virus titer was calculated by the meth-
od of Reed and Mench.

The material taken for histological examination was
fixed in 10% neutral buffered formalin solution, dehy-
drated in alcohols according to the standard technique,
embedded in paraffin blocks and cut into sections with
a thickness of 4-5 pm. Sections were stained with he-
matoxylin, eosin, and cresyl violet according to the
Nissl method. Morphological analysis was performed
using a biological microscope for laboratory studies
AXIOLAB.A1 (CarlZeiss Microscopy GmbH, Ger-
many). Axiocam 105 color digital camera (CarlZeiss
Microscopy GmbH, Germany) was used for micropho-
tography.

The anterior and posterior central gyrus of the right
and left hemispheres, the thalamus (visual hillocks), the
midbrain, the varoliev bridge, the cerebellum, the medul-
la oblongata, the cervical and lumbar thickening of the
spinal cord, as well as the submandibular, occipital and
posterior cervical lymph nodes, lung, spleen and the liv-
er were subjected to histological analysis. The degree of
pathomorphological changes in the CNS of animals was
determined using a four-point scale recommended by the
Ministry of Health of the Russia for «Assessment of the
specific safety of industrial strains and inoculum viruses
of measles, mumps and rubella» OFS.1.7.2.0010.15.

Results

During the period of clinical observation none of the
animals of the 1 and 3™ groups of monkeys infected with
the Orlov-V strain showed the manifestation of general
clinical and neurological symptoms typical for this dis-
ease: fever, appetite disorders, lethargy, anxiety, tremor
of the limbs, and lack of coordination, paresis and pa-
ralysis. The clinical state of the experimental animals
corresponded to the physiological norm. In monkey
No. 42 884 (group II), inoculated with a low-attenuated
strain of RV Orlov-14 in a titer of 4.7 IgTCD, /0.5 ml on
the 10th day of the experiment, an increase in body tem-
perature up to 39.5 °C was observed (Table 2), as well as
a lack of appetite and lethargy. On the 11" and 12" days of
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the experiment, the following deviations from the phys-
iological norm were recorded: lethargy, weakness of the
limbs, tremor of the left upper limb, lack of jumping and
climbing the cage. In animals Nos. 43 389 and 43 419, al-
so infected with a low-attenuated strain of the rubella vi-
rus Orlov-14, but with a lower dose, 3.8 1g TCD, /0.5 ml,
there was a slight increase in body temperature and
a decrease in appetite, but no other disorders of the CNS
were noted.

In monkey No. 43 389, increased in body tempera-
ture was recorded for 3 days, from 15 to 17 days of
the experiment; in monkey No. 43419 for 2 days,
from 14 to 15 days of the experiment. After that the gen-
eral clinical state of the animals did not differ from the
physiological norm.

According to virological studies, the infectious virus
was not isolated from any samples of monkeys infect-
ed with the Orlov-V strain and euthanized on the 12, 21
and 28 days after infection (Table 1). However, in mon-
keys infected by the Orlov-14 strain with infectious titers
of 4.7 1g TCD, /0.5 ml and 3.8 1gTCD, /0.5 ml and sac-
rificed on the 12 and 21 days, the virus was detected in
various parts of the CNS, lymph nodes, and peripheral
organs. It should be noted that in a monkey inoculated
with the Orlov-14 strain with an infectious titer of 3.8
lg TCD, /0.5 ml and withdrawn from the experiment on
the 28 day, the infectious virus was not detected either in
the CNS or in the peripheral organs.

Localization and degree of pathomorphological chang-
es in the CNS of monkeys were determined on a four-
point scale. According to the histological results of the
central nervous system of monkeys inoculated with the
vaccine strain Orlov-V (group I) with an infectious ti-
ter of 4.7 1gTCD, /0.5 ml, there were no moderate and
pronounced degenerative changes in the brain and spinal
cord of the animals. In monkey No. 38 976 euthanized
on day 12 the spread of the pathological process was re-
vealed in the motor area of the cerebral cortex and in the
thalamus. The average score for monkey CNS lesions
was 0.3 (Table 2).

In monkey No. 43 764 euthanized on day 21 and in
monkey No. 43 456 euthanized on day 28 after infection
with the Orlov-V vaccine strain no pathological changes
in neurons and glial cells were found in the brain and spi-
nal cord. The brain membranes were thin, there was no
hyperemia and structure corresponded to the parts. The
nuclei of the nerve cells were light with distinct nucleoli.
The Nisslevian substance was clearly contoured. Glia had
no changes (Fig. 1). The average score for CNS lesions in
these monkeys was 0.0.

According to the results of a histological study of the
CNS of group II monkeys, depending on the observa-
tion period (12, 21 and 28 days), both single vasculitis
and dystrophic changes in neurons were observed. Pro-
nounced inflammatory changes characteristic for severe
meningoencephalomyelitis was also disclosed. So, in
monkey No. 42 884 euthanized on the 12 day after the
inoculation with the low-attenuated strain Orlov-14 with
a titer of 4.7 Ig TCD, /0.5 ml the pronounced lymphocyt-
ic infiltration, multipfe or focal vasculitis at the injection
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site and behind it along with meningoencephalomyelitis
were found. Focal inflammatory changes were found in
almost all parts of the brain, in the cervical and lumbar
spinal cord. The average score for CNS lesions was 3.0.

CNS damage was also detected in monkey No. 43 389
inoculated with a low-attenuated strain Orlov-14 in a titer
of 3.8 IgTCD, /0.5 ml and sacrificed on the 21 day after
infection. In this animal the characteristic lesions of focal
encephalitis were found, namely, moderate lymphohis-
tiocytic infiltration of the meninges with involvement of
the vascular plexus of the brain and focal inflammatory
changes in both the gray and white matter of the brain.
The average score for CNS lesions was 1.8.

In monkey No. 43 419, euthanized on the 28th day after
the injection of the low-attenuated strain Orlov-14 with a
titer of 3.8 Ig TCD, /0.5 ml, a weak infiltrative-produc-
tive reaction was revealed. Isolated vasculitis, dystrophic
changes in nerve cells and small infiltrates were found
in both white and gray matter of the brain (Fig. 2). The
mean score for monkey CNS lesions was 1.3.

In monkey No. 36 518 (group III), euthanized on 28 day
after infection, no pathological changes in brain and spi-
nal cord neurons and glial cells were found. The nuclei
of the nerve cells are light with distinct nucleoli. The
Nisslevian substance was clearly contoured, and glia was
without features. The average score for CNS lesions in
this monkey was 0.0.

OPUTUHANBbHBIE NCCNTEAOBAHUA

Histological examination of the internal organs of ex-
perimental animals did not reveal pronounced pathologi-
cal changes in all the examined tissues. All organs and tis-
sues had a typical anatomical and histological structure.
In all experimental animals the structure of the lungs,
liver, kidneys, pancreas and spleen was characterized as
typical without any abnormal characteristics. Hyperemia
and extraneous cellular infiltration were absent. Lung tis-
sue was defined as airy. The interalveolar septa were thin,
the lumens of the alveoli and bronchi were free. In mon-
key No. 42 884, infected with a low-attenuated strain Or-
lov-14 and sacrificed on the 12 day, signs of activation of
the occipital, posterior cervical and submandibular lymph
nodes were found. In animals Nos. 43 389 and 43 419 in-
fected with the low-attenuated strain Orlov-14 and sacri-
ficed on the 21 and 28 days, respectively, signs of activa-
tion were found only in the submandibular lymph nodes.

Discussion

Comparative analysis of the data obtained in the study
of residual neurovirulence of the highly attenuated strain
Orlov-V and the low-attenuated one Orlov-14 in the intra-
cerebral infection test of monkeys is of great theoretical
and practical importance. Nonhuman primates (Primates)
are the most appropriate laboratory model for the exper-
imental study of attenuated rubella virus strains [12, 13].
Rubella virus is pathogenic, in particular for monkeys

Table 1. Virus titers in various parts of the central nervous system and peripheral organs of monkeys inoculated intracerebrally
with a highly attenuated strain Orlov-V and a low attenuated strain Orlov-14 of rubella virus

Tadauua 1. TuTpsl BUpyca B pa3jin4yHbIX 0TeJIaX HEeHTPAJILHOI HePBHON CHCTeMbI U BHYTPEHHUX OPraHax 00e3bsiH, HHTauepedpajbHO
HHOKYJIHPOBAHHBIX BBICOKOATTEHYHPOBAHHBIM IITAMMOM «OPpJ10B-B» M HU3K0ATTEeHYHPOBAHHBIM IITAMMOM «OpJ10B-14» BUpYCca KPacHYXH

Group I Group II Group III
I'pynmna I I'pynna IT I'pynmna III
Monkey ID 38976 43 764 43 456 42 884 43 389 43 419 36518
Howmep xuBOTHOTO
Time of euthanasia, day 12 21 28 12 21 28 28
Bpewms oBranazum, cyTt
Tested sample Virus titer, Ig TCD, /ml
HWccnenyemslii obpasen Turp Bupyca, Ig TIL, /M
Brain 0,0 0,0 0,0 4,0 0,0 0,0 0,0
TonoBHOM MO3T
Cervical part of the spinal cord 0,0 0,0 0,0 3,2 0,0 0,0 0,0
[lefinbIit OT/IETT CIMHHOTO MO3Ta
Lumbar part of the spinal cord 0,0 0,0 0,0 1,8 0,0 0,0 0,0
TTostcHUYHBINA OT/IE]I CHUHHOTO MO3ra
Cerebrospinal fluid 0,0 0,0 0,0 2,4 0,0 0,0 0,0
LlepebpocnuHanbHast )XUAKOCTH
Submandibular lymph nodes 0,0 0,0 0,0 0,0 2,6 0,0 0,0
ToaamkHeyeroCTHBIE TUM(BATHUECKUE Y3IIbI
Posterior cervical lymph nodes 0,0 0,0 0,0 2,3 1,8 0,0 0,0
3ajHue MeHHbIe TUM(ATHIECKHE Y3ITbI
Lung 0,0 0,0 0,0 0,0 0,0 0,0 0,0
JIérkoe
Spleen 0,0 0,0 0,0 2,0 2,0 0,0 0,0
Cerne3énka
Liver 0,0 0,0 0,0 0,0 0,0 0,0 0,0
TTeuenn
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Table 2. Assessment of the intensity of pathomorphological changes in the parts of the central nervous system of experimental primates

Tabauna 2. Ouenka BbIpaKeHHOCTH NATOMOP(}0JI0rnyecKUX U3MEeHEeHN i B MCC/IeJ0BAHHBIX 0T/le/IaX IeHTPAJIbHOI HePBHOM cUCTEMBbI JKCIIe-
PHMMEHTAJbHBIX IPUMATOB

Symbols of the departments of the central nervous system of primates subject to histological
examination
YenoBHbIE 0003HAYCHUST OTICNIOB LIEHTPAIbHOI HEPBHOM CHCTEMBI,
TIOJUIEKABIIINX THCTOJIOTHYECKOMY HCCISIOBAHUIO
Spinal cord
Brain divisions divisions
Otnensl
Otzesnbl FOJIOBHOTO MO3ra
CIIUHHOTO
Mo3ra
L | A D G| T \% HP | O SA oP Cp CAP | CSC | HSC
J A pit r T \ HP | 3 | xxxx XXX XX X 1I.0. 1.0.
onkey [ Tine el e
Group 1D da ? Intensity of pathomorphological changes, scores score
I'pymma | NesxuBot- B Y BripakeHHOCTH TATOMOP(HOIOTHYESCKUX U3MEHEHUH, OaIbl Cpennuit
peMsl 3BTa- Gann
Horo HA3WH, CyT

38976 12 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0,3

I 43 764 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,0

43 456 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,0

42 884 12 3 3 3 4 3 3 2 3 3 3 3 3 3 3 3,0

11 43 389 21 2 2 2 2 2 2 2 1 2 2 2 2 1 1 1,8

43 419 28 1 2 2 2 2 2 2 1 1 1 1 0 0 1,3

111 36518 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0,0

Note. L, frontal cerebral cortex; A, anterior horns of the lateral ventricles and sections of the subcortical ganglia: the head of the caudate nucleus, the
anterior leg of the inner capsule, lenticular nucleus; D, motor area of the cerebral cortex; G, central parts of the lateral ventricles, third ventricle, caudate
nucleus, thalamus, inner capsule, lenticular nucleus; T, parietal cerebral cortex; V, central parts of the lateral ventricles and the third ventricle, the body
of the caudate nucleus, the nuclei of the thalamus, the posterior leg of the inner capsule; HP, hippocampus, lower horns of the lateral ventricles; O,
occipital cerebral cortex; SA, cerebral aqueduct (aqueduct Sylvii), substantia nigra (Nisslevian substance), nuclei of the midbrain; OP, oral part of the
fourth ventricle, own nuclei of the pons (Varolii) and the sections of the pathways located in it; CP, the central part of the fourth ventricle, nuclei and
sections of the pathways located at the bottom of the rhomboid fossa of the medulla oblongata; CAP, caudal part of the fourth ventricle, olive nuclei,
reticular formation, cranial nerve nuclei, sections of the pathways; CSC, cervical spinal cord: the nuclei of the gray matter and the pathways of the white
matter; HSC, lumbar spinal cord.

IMpumeuanue. JI — 106Has 30Ha KOPBI OOIBLIOTO (TOJIOBHOTO) MO3ra; A — NepeHue pora OOKOBBIX JKEIY0YKOB M OTAEIbI MOAKOPKOBBIX M'AHIJIMEB: TO-
JIOBKA XBOCTATOTO SIpa, IEPEIHsIS HOKKA BHYTPCHHEH KariCyIibl, YedeBUIieo0pasHoe po; J] — ABUraTe/IbHast 30Ha KOPbI OOJIBIIOTO (TOJI0OBHOT0) MO3Ia;
I' — neHTpabHbIe YacTH OOKOBBIX JKely1o4ukoB, I1I skemynouek, XBocTaroe sapo, TalaMmyc, BHyTPEHHsIs Kallcyia, yedeBuieoopastoe spo; T — TeMeH-
Hast 30Ha KOPbI GOJIBIIOrO (TOJIOBHOI0) MO3ra; V — EHTPaNbHbIE YacTH GOKOBBIX xKeyn04dkoB 1 11 xeTymodex, Teno XBocTaroro siapa, sapa Taaamyca,
3 {HsIs HOKKa BHYTpeHHeil karcynsl; HP — rummokamIn, HIKHEE pora GOKOBBIX JKEITyIOUKOB; 3 — 3aThLIOYHAS 30HA KOPHI OOJIBIIOTO (TOJIOBHOT0) MO3Ia;
XXXX — BOJIOIIPOBOJ Mo3ra (CHIbBUEB), Y€pHOE (HMCCIEBCKOE) BEIIECTBO, SApa CPEIHEr0o MO3ra; XXX — opallbHast 4acTh IV jKelyouKa, COOCTBEHHbIE
siipa MocTa (BapoJIneBa) U PACIOIOKEHHBIE B HEM yUaCTKH MPOBOJUIIIHX [Ty TeH; XX — LEHTpaIbHast yacTb [V jKkemy1o4Ka, siipa n y4acTKH IPOBO/SIINX
IyTeH, PacIIONOXCHHBIC B JTHE POMOOBHIHOIT IMKH IIPOJIOJTOBATOrO MO3Ta; X — KayJalbHast 4acTh [V xkelynouka, sS/pa oIuB, PeTUKYIApHAs GOpMaIs,
s7ipa YePeIHbIX HEPBOB, YYaCTKM IPOBOISIIMX ITyTeH; 1I1.0. — MIEHHBIH OT/e CIIMHHOTO MO3Ta: siipa Ceporo BellecTBa U NMPOBOISAIINE MyTH Oe1oro
BEIIECTBA; I1.0. — MOSCHUYHBIH OT/EN CIIMHHOTO MO3ra.

Fig. 1. Histological structure of the brain tissue of
monkey No. 43 456, euthanized on day 28 after
infection with the vaccine strain «Orlov-V»: a), place
of viral injection. There is typical histological structure
of brain tissue. No pathological changes are found; b),
thalamus. No pathological changes are found;
¢), precentral gyrus. Ependymal epithelium has
a typical histological structure; d), lumbar part of the
spinal cord. The structure of the brain tissue is normal.
Glial elements are without activation phenomena.
Microphotographs, Nissl staining (cresyl violet dye),
magnification: x50 (a); x200 (b—d).

Puc. 1. ['ucTonornueckast CTpyKTypa MO3TOBOM TKaHH
00e3psHbI Ne 43 456, sBTaHa3MpPOBAaHHON Ha 28 cyT
MOCJIC 3apa)KCHUsI BAKIIMHHBIM IITaMMOM «OpiioB-By.
@) — MeCTO BBe/ICHHUs. TUIIMYHOE THCTOJIOTHYECKOe
CTpOEHHE MO3roBO# TKaHH. [laTonormyecknx m3me-
HEHHI HE BBIABICHO; 0) — Tamamyc. [laTonornyeckue
M3MCHEHHSI OTCYTCTBYIOT; 6) — IIPE/LICHTPAIbHAS U3BH-
JMHA. DNEHMMHBIH SMUTEINH TUIIMYHOTO THCTOIOTH-
YECKOTO CTPOCHUS; 2) — MOSICHUYHBIH OT/EN CIIMHHOTO
Mo3ra. CTpyKTypa MO3rOBOW TKaHU 0e3 0COOCHHOCTEH.
T'mmanbHble sneMenTs 6e3 siBieHnit akTuBau. Mu-
kpodotrorpaduu, okpacka mo meroxy Huccist (kpacu-
TEJb KPEe3WJIOBBIA (HONIETOBBII), yBenuueHue x50 (a),
%200 (6-2).
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Fig. 2. Histological structure of the brain tissue of monkey No. 43 419, euthanized on day 28 after infection with a low attenuated strain
«Orlov-14» in a titer of 3.8 Ig TCD, /0.5 ml. a), place of viral injection. There are focal gliosis and moderate dystrophic changes in nerve
cells in the inoculation zone; b), thalamus shows the dystrophic changes in neurons and signs of vasculitis; ¢), precentral gyrus. There are

focal lymphohistiocytic infiltration of the pia mater and moderate dystrophic changes in neurons in the area of inflammation; d), lumbar part
of spinal cord. The histological structure of the tissue is the typical one. No pathological changes are found. Microphotographs, Nissl staining
(cresyl violet dye), magnification: x50 (a); %200 (b—d).
Puc. 2. I'ucronorndeckas CTpyKTypa MO3roBoi TKaHU 00e3bstHBI Ne 43 419, ymepmBnéHHo Ha 28 cyT mociie 3apakeHus HU3KOaTTeHYHPO-
BaHHBIM ITaMMOM «Oproe-14» B Tutpe 3,8 Ig TL, /0,5 M. @) — MecTo BBeieHus. O4aroBblii NIMO3, YMEPEHHO BRIPAKEHHBIC JUCTpOdHye-

CKHUC UBMCHCHUA HCﬁpOHOB B 30HC MHOKYJIALINN,

— TajaMyc. I[HCTpO(i)I/I‘ICCKI/Ie MU3MCHCHUS HEPBHBIX KJICTOK, SIBJICHUS BACKYJIUTA, 6) —

NpealeHTpanbHas n3BmwinHa. O4yaropast TMMQOTUCTHONNTAPHAS HHOWIBTPALHS MATKONH MO3rOBOM 000JI0UKH. YMEpEHHbBIE AUCTPOPHUIECKUE
M3MEHEHUs HEHPOHOB B 30HE BOCIIAJICHUS; 2) — MOSICHIYHBIN OTAEN CIIMHHOTO MO3ra. THIHYHOE THCTONIOTHIecKoe CTPOeHUE TKaHH. [laTomo-
IrHYeCKUe U3MEHEHHs OTCYTCTBYIOT. MukpogoTorpaduu, okpacka rmo Mmeroay Huccist (kpacurenb Kpe3nIoBbIl (pHONETOBEII), YBETHUCHUE
x50 (a), x200 (6 — ).

of Macaca mulatta species, which are sensitive to in-
tranasal, intramuscular and intravenous infection [14].
According to the published data the pathogenesis of the
disease caused by the rubella causative agent is similar to
that in humans in terms of such parameters as the duration
of the incubation period and viral shedding, the presence
of viremia, the dynamics of the formation of virus-specif-
ic antibodies [15].

In our experiment the reactogenic strain Orlov-14 was
used as a positive control, which was administered in the
same (4.71g TCD, /0.5 ml) and lower (3.8 1g TCD_ /0.5 ml)
doses than strain Orlov-V.

During the study the data on the clinical observation
of experimental animals were obtained. In animals in-
fected with the low-attenuated strain Orlov-14 depend-
ing on the dose of the infectious virus the appearance
of clinical and neurological symptoms typical of rubella
was observed. In animals of group I no clinically sig-
nificant symptoms indicative of damage to the central
nervous system (tremor, paresis and paralysis) were
found. There were also no changes in the behavioral
characteristics of animals. They retained their standard
movements in the cages (jumping, climbing, grabbing
objects). Thus, the results of clinical observation of an-
imals underline the main criteria for the suitability for
live attenuated vaccines strains — the absence of reacto-
genicity of the Orlov-V strain [16].

Taking into account that the histological study of the
CNS of monkeys in the test of intracerebral infection is
currently the only recommended method for assessing
the specific safety of attenuated vaccine strains, a patho-
morphological study of the CNS of experimental animals
was carried out. Comparative analysis of the results of
histological examination of various parts of the CNS of
monkeys generally shows the loss of ability of the vac-
cine strain Orlov-V to propagate in the cells of the central
nervous system causing the development of moderate and
pronounced degenerative changes in the brain and spinal
cord of animals.

The data obtained during the morphological and histo-
logical examination of the internal organs of experimen-
tal animals (the absence of virus-specific lesions in the
studied organs and tissues) points to a loss of the ability
to penetrate the blood-brain barrier during the Orlov-V
vaccine strain attenuation which is an important indicator
of the safety of the strain.

Results of the virological analysis of various parts of
the CNS and peripheral organs of Macaca mulatta also
indicate the loss of the vaccine strain Orlov-V its abili-
ty to infect CNS cells and cross the blood-brain barrier
and confirms the data of histological studies of the CNS
and internal organs of experimental animals, which indi-
cates a low level of residual neurovirulence of the vaccine
strain Orlov-V.
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Conclusion

This work evaluates the degree of neurovirulence of the

highly attenuated strain Orlov-V and the low-attenuated
strain Orlov-14 in the intracerebral challenge test of virus
infection of monkeys. The results obtained for clinical
symptoms of CNS damage and the nature of the patho-
logical process in the cells of the central nervous system
of experimental animals will be significant for improving
the safety control of live rubella vaccines, and allow us
to consider the strain Orlov-V as a candidate for further
research on the creation of a live rubella vaccine based on
the domestic vaccine strain.
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