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Introduction. Rubella virus has pronounced teratogenic properties that can cause generalized and persistent
intrauterine infection of the fetus. As a result, the control of the loss of teratogenicity inherent in «wild-type» virus
strains is a necessary stage of a preclinical study of the vaccine strain for a live attenuated rubella vaccine.

The purpose of the study is to comprehensively study the teratogenic properties of the vaccine strain of rubella
virus «Orlov-V» in the experiment on rhesus macaques.

Material and methods. Seronegative to rubella virus female rhesus macaques in early pregnancy at the age
of 4-7 years (n = 13) were used in the experiment. Animals of the experimental group (n = 9) received single
immunization intramuscularly with a preparation from the «Orlov-V» strain. The control group of the monkeys
(n = 3) were immunized with a commercial vaccine containing Wistar RA27/3 strain. The female of the control
group (n = 1) was injected with a solvent used in the rubella vaccine. Study of possible teratogenic properties of
vaccine strains of rubella virus was carried out using a complex of clinical, immunological, pathomorphological
and virological methods. Clinical observations were made within 3 months after the monkeys’ birth. Determination
of antibody titers in the blood serum of immunized monkeys was performed in HI test on the 28th—30th day after
infection. The ELISA method was applied to determine IgM antibodies in the blood serum of newborns within
the first month of life. Detection of rubella virus RNA was performed by PCR with electrophoretic detection of
amplicons.

Results. No markers of congenital rubella infection were found in infants born from monkeys vaccinated during the
pregnancy. It is shown that PCR can be an informative method to confirm the absence of teratogenic properties of
vaccine strains of rubella virus.

Discussion. The obtained data demonstrated that vaccine strains of the «Orlov-V» rubella virus and Wistar RA27/3
have lost their teratogenic properties. The possibility of using an alternative strategy for preclinical assessment
of specific safety of antiviral vaccines including a complex of clinical, immunological, pathologic and virological
methods instead of the classical pathologic method is discussed.

Conclusion. The results obtained in this study showed the absence of teratogenic properties and high immunogenic
activity of the vaccine strain of rubella virus «Orlov-V».

Keywords: teratogenicity; rubella virus; attenuated vaccine strain; rhesus macaque monkeys; polymerase chain
reaction.

For citation: Lavrentjeva |.N., Shamsutdinova O.A., Chugueva l.1., Karal-ogly D.D., Vyshemirskiy O.l. Study of
the teratogenicity of the vaccine strain of the Rubella virus «Orlov-V» (Matonaviridae: Rubivirus: Rubella virus)
in experience on rhesus macaques. Problems of Virology (Voprosy Virusologii). 2020; 65(6): 357-362 (In Russ.,
in Engl.).

DOI: https://doi.org/10.36233/0507-4088-2020-65-6-6

For correspondence: Shamsutdinova Olga Anatolyevna, scientist of the Laboratory of immunology and cell
biology of the FSBRI «Research Institute of Medical Primatology» of the Ministry of Education and Science of
Russia, 354376, Sochi, Russia. E-mail: shamsutdinova-o-a@yandex.ru

Information about authors:

Lavrentjeva I.N., http://orcid.org/0000-0002-2188-6547

Shamsutdinova O.A., https://orcid.org/0000-0002-2742-3965

Chugueva I.1., https://orcid.org/0000-0002-1567-1929

Karal-ogly D.D., https://orcid.org/0000-0003-3606-1668

Vyshemirskiy O.1., https://orcid.org/0000-0002-5345-8926

Contribution: Lavrentjeva |.N. — research concept and design, writing of the text, experimental research; Karal-ogly D.D. —
research concept and design; Shamsutdinova O.A. — writing of the text, experimental research; Chugueva I.1. — clinical
observation; Vyshemirskiy O.l. — experimental research.

Acknowledgments. The study had no sponsorship.

Conflict of interest. The authors declare no conflict of interest.

Received 25 June 2020
Accepted 12 November 2020

357



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2020; 65(6)
DOI: https://doi.org/10.36233/0507-4088-2020-65-6-6

ORIGINAL RESEARCH

N3yyeHue TepaToreHHOCTU BaKLUMHHOIO WTaMMa BMpyca KpacHyxu «OpnoB-B»
(Matonaviridae: Rubivirus: Rubella virus) B onbiTe Ha 06e3bsAAHaxX MaKaK-pe3yc
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BBepneHue. Bupyc kpacHyxu obnagaet BblpaXKeHHbIMW TepaTOreHHbIMW CBOMCTBaMM, CNIOCOOHbLIMY Bbi3blBaTb re-
Heparnu3oBaHHY BHYTPUYTPOOHYIO MHMPEKLUMIO Nnoga nepcucTupylowero xapakrtepa. B cBa3m ¢ aTum Heobxo-
OVMbIM 3TanoM AOKMMHUYECKOTO U3yYeHNs1 BaKLMHHOIO LUTaMMa Ans XKUBOW aTTEHYMPOBaAHHOW BaKLUHbLI MPOTUB
KpacHyxu SBNSIETCA KOHTPOIb yTpaTbl TEpaTOreHHOCTU, NPUCYLLIEeN AMKUM LITaMMaMm Bupyca.

Llenb vccrnenoBaHus: KOMMNIEKCHOE U3yYeHWE TepaToreHHbIX CBOWCTB BaKUMHHOMO LWTamma Bupyca KpacHyxu
«Opnoe-B» B onbiTe Ha o6e3bsiHax Makak-pesyc.

MaTepuan n metogbl. B akcnepvmeHTe ncnonb3oBany CepOHEraTUBHbIX K BUPYCY KpacHyxu CamoK Buaa ma-
Kak-pe3yc (Macacca rhesus, Macaca mulatta) Ha paHHUX cpokax 6epeMeHHOCTM B Bo3pacTe 4—7 net (n = 13).
KMBOTHBIX OMbITHOW rpynnbl (N = 9) OQHOKPATHO BHYTPUMbILLEYHO MMMYHU3VMPOBanu npenapaToM M3 LuTtamma
«Opnoe-B». O6e3bsH rpynnbl cpaBHeHWs (N = 3) UMMYHU3MPOBanIM KOMMEPYECKUM npenapaToMm, cogepxalunm
BakUMHHbIN WTamm Wistar RA27/3. Camke KOHTpOnbHOWM rpynnbl (n = 1) BBOAWMMW pacTBOPUTENb BaKUMHbI NPOTUB
KpacHyXxw.

M3yyeHne BO3MOXHbIX TepPaTOreHHbIX CBOWCTB BaKLUMHHbIX LUTAMMOB BMpyCa KPacHyXu NpoBOAWMAMN C UCMOMb30-
BaHWEeM KOMMMeKca KIMHUYECKUX, UMMYHOMOMMYeCKnX, NaToMopdonormyecknx u BUPYCONOrMYECKUX MeTOdOB.
KnuHunyeckue HabnogeHnst ocyLLeCcTBRANMCL B TeYeHe 3 MecsiLeB nocrne poxaeHust AeTéublwen. OnpeaeneHvne
TUTPOB aHTMTEN B CbIBOPOTKE KPOBWM MMMYHU3NPOBAHHbLIX Makak-pe3ycoB BbIMOSHANM B peakumMnm TOPMOXEHMUS
remarrniotuHaumm (PTIFA) Ha 28-30 cyTku nocne 3apaxeHusi. Metoq nmmyHodepmeHTHoro aHanunsa (M®A) umc-
nonb3oBanu Ang onpegeneHus aHTuTen knacca IgM B cbiBopoTke 06e3bsiH NepBoro MecsLa XusHu. Beissnexve
PHK Bupyca nposogunu metogom nonumepasHon uenHown peakuun (MLP) ¢ anekTpodopetnuyeckon aerekumen
NpoAyKTOB aMnimMduKaLum.

Pe3ynbTaThl. YCTAHOBNEHO OTCYTCTBME MapPKEPOB BPOXKAEHHON KpaCHYLLHON MHAEKUMN Y 0coBeln, poauBLLNXCS
OT NpMBUTBLIX BO BpeMsi 6epemeHHOCTU 06e3bsH. MokasaHo, 4to metog MNLP MoxeT aBnaTbca MHpOpMaTUBHBLIM
TECTOM, NOATBEPXKAAIOLLMM OTCYTCTBME TEPaTOreHHbIX CBOWCTB BaKLUMHHbIX LUTAMMOB BMPYCa KPaCHYXM.
O6cyxpaeHue. NMonyyeHHble AaHHble OxapakTepu3oBanu BaKUUHHbIE LUTaMMbl BUpyca KpacHyxu «Opnos-B» n
Wistar RA27/3 kak yTpaTuBLUne TepaToreHHble cBoncTBa. OBCyXaaeTcs BO3MOXHOCTb UCMONb30BaHUS ansrep-
HaTUBHOWM NO OTHOLLEHWIO K KNaccu4yeckum natomMopdonorniyeckum MeToaam ctpaTternm JOKIMHUYECKON OLEHKU
cneumdmryeckorn 6e30nacHOCTU NMPOTUBOBUPYCHBIX BaKLUMH C NMPUMEHEHMEM KOMMIEKCA KIMUHUYECKMX, UMMYHOMO-
rmyeckunx, NaToMopdonornYecknx N BUpYConormyecknx MeToaos.

3akntoyeHue. Pe3ynsrathl, NONyYeHHbIE B paMKax HaCTOSILLEro NCCNeA0BaHus, nokasanu oTCyTCTBME TepaToreH-
HbIX CBOWCTB BaKLMHHOIO LUTaMMa BUpyca kpacHyxu «Opros-B».

Knroyeenle cnoea: mepamoceHHOCMb, 8UPYC KpaCHyXu, ammeHyupoeaHHb/U B8aKUUHHbIU wmamm, 06e3bsiHbl
MakKak-pe3yc; nonumMepasHas ueriHas peakyus.
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duHaHcupoBaHue. ViccrneqoBaHue He MMENO CMIOHCOPCKOW NOAAEPXKKN.

KoHdbnukT nHTepecoB. ABTOpbI 3as1BNSAOT 06 OTCYTCTBUM KOH(NMKTA UHTEPECOB.

Moctynuna 25.06.2020
MpuHsaTa B neyatb 12.11.2020

Introduction strate that rubella virus vaccine strains can pass through the

Because of high teratogenicity of the rubella virus and  placenta [3, 4].
the attenuated vaccine strain present in the live vaccine, In Great Britain, a total of 515 women were examined;
pregnancy is considered a contraindication to the adminis-  all of them were vaccinated for different reasons against
tration of the rubella vaccine [1, 2]. Several studies demon-  rubella during their pregnancy; however, their children
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born after the vaccination did not display any symptoms of
congenital rubella syndrome (CRS), though 10.6% of the
women were diagnosed with an intrauterine infection of the
fetus [5]. In 2003, in Iran, during the examination of in-
fants born from mothers who were vaccinated during their
pregnancy (during the large-scale immunization against
measles and rubella), 5 infants were found to have IgM an-
tibodies in their umbilical cord blood; however, no infant
was diagnosed with birth defects similar to those observed
in CRS [6]. According to Mangtani P., Evans S.J.W. et al.,
the theoretical risk of fetus involvement resulting from vac-
cination of the pregnant women against rubella is estimated
from 0 to 0.6%, i.e. at much lower levels than the risk asso-
ciated with CRS development resulting from the woman’s
primary infection during the first 12 weeks of the gestation
period [7]. Therefore, some scientists concluded that inad-
vertent vaccination during pregnancy should not entail an
indication for its abortion [1, 7-9].

However, strains for live rubella vaccines intended for par-
enteral administration to people should be thoroughly studied
in terms of any risk of teratogenic effect [10]. Undoubtedly,
the teratogenic potential of new immune-biological medicinal
products (IBMP) can be studied only through experiments on
the adequate laboratory model [11].

Laboratory primates are the best model for studying the
rubella virus. The virus is pathogenic for rhesus monkeys
(Macaca mulatta;, Macaca rhesus), which are sensitive to in-
tranasal, intramuscular, and intravenous infection. The patho-
genesis of the disease is similar to the pathogenesis observed
in people in terms of such parameters as the duration of the
incubation period and virus shedding, the presence of viremia,
the dynamics of generation of virus-specific antibodies [12].
The experimentally proven development of viremia in rhesus
monkeys infected by the rubella virus strain [13] implies that
the pathogen can pass through the placenta, which, in its turn,
means that the model can be used in for monitoring of any
potential teratogenic effect of vaccine strains.

The Orlov-V vaccine strain [14] was restored at the Saint
Petersburg Pasteur Research Institute of Epidemiology and
Microbiology from the initial Orlov strain, which had been
kept for many years at —20 °C; the restoration required addi-
tional passages in primary rabbit kidney cell culture (PRK),
a tissue substrate used for attenuation of the original virus.
Such processes may affect the integrity of the main biologi-
cal properties of the viral particles comprising the heteroge-
neous population of the original pool of the virus-containing
culture liquid (VCL). Therefore, thorough safety monitoring
during the application, including the control of the terato-
genic properties loss inherent in wild-type strains, is seen as
an essential stage of preclinical studies of vaccine strains for
a live attenuated vaccine against rubella. Such experiments
should include a reference preparation — a single-target vac-
cine, preferably a commercial type [10].

The study was aimed to explore teratogenic properties of
the Orlov-V vaccine strain of the rubella virus through an ex-
periment on rhesus monkeys.

Materials and methods

The vaccine strains used in the study were represented by
Orlov-V rubella virus vaccine strains (39 passages in PRK

OPUTUHANbHbBIE NCCNTEAOBAHUA

cell culture) and Wistar RA27/3 strains (in the live attenu-
ated vaccine manufactured by Microgen, Moscow, Russia).
The laboratory animals were represented by 13 female rhe-
sus monkeys, 4—7 years of age, during early pregnancy (the
first third — the first half). The female monkeys were divided
into 3 groups: 9 females were immunized with the Orlov-V
strain preparation; 3 females were immunized with the refer-
ence preparation (the Wistar RA27/3 vaccine strain); 1 female
was given a placebo (the solvent for rubella vaccine).

The animals were handled in strict compliance with the
Rules for Keeping and Maintenance of Nonhuman Primates
(GOST 33216-2014).

The females seronegative for rubella were immunized by
a single intramuscular injection of 0.5 ml of the preparation
containing the studied strains. The vaccine dose corresponded
to 1 vaccine dose for people (not less than 1000 TCD, ).

Potential teratogenic properties of the vaccine strains of the
rubella virus were studied by using a combination of clinical,
immunological, and pathomorphological methods.

The clinical observation of the infants was conducted dai-
ly. The observation results were registered twice: immedi-
ately after birth and 90 days after birth. The monkey infants
were examined for motor activity (the range and strength of
movements in limbs, the ability to resist removal from the
cage and forced unbending/bending of limbs); muscular ac-
tivity: (clinging to and holding on the mother on their own);
the sucking reflex. The degree of skeletal development was
checked one time through X-ray examination. The weight
of the infants was regularly checked during the observa-
tion period. 90 days after birth, the infants were examined
and assessed for the following functions: motor functions
(the coordination of movements was assessed by the ability
of the animals to make coordinated movements by using
their limbs when grabbing an item). The muscle tone was
checked by palpating limb muscles in the relaxed state and
during bending/unbending. The infants were also checked
for any signs of tremor, hyperkinesia; vision and hearing
acuity; eating patterns and appetite, bowel movement, and
weight gain dynamics.

The detection of antibody titers in blood serum of the im-
munized pregnant monkeys was conducted in the HAI assay
in 28-30 days after the immunization by using the dry antigen-
ic rubella diagnosticum for HAI assay, manufactured by the
Saint Petersburg Pasteur Research Institute of Epidemiology
and Microbiology following the user manual for the reagent.

IgM immunoglobulins were detected in blood serum of the
first-month-of-life infants born to females immunized during
pregnancy. IgM antibodies were detected by using the Vec-
tor-Rubella-IgM-strip ELISA test kit (Novosibirsk, Russia) in
accordance with the user manual. All the serum samples were
codified and were examined concurrently.

An autopsy examination, together with a morphological and
histological study of internal organs, was conducted on 2 new-
borns who died in birth. The examination of the monkeys’
tissues and organs was performed at the Pathomorphological
Laboratory at the Research Institute of Medical Primatology.
The histological study (with hematoxylin and eosin as well as
Nissl staining methods) was conducted on the brain, lungs,
liver, kidneys, pancreas gland, and spleen of the newborns as
well as on the placenta of the females.
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The PCR test and electrophoresis for detection of ampli-
fication products were used to detect any presence of the ru-
bella virus RNA in the sample tissues from the newborns that
died in birth, in the placenta and umbilical cord blood. RNA
was extracted from the examined material with the help of the
RIBO-sorb reagent kit (InterLabService LLC, Moscow,
Russia); the reverse transcription reaction was conducted by
using the REVERTA-L kit (InterLabService LLC, Moscow,
Russia); the amplification of complementary DNA (cDNA)
was performed by using the AmpliSens Rubella virus-EPh re-
agent kit (Central Research Institute of Epidemiology, Rospot-
rebnadzor, Moscow, Russia). All the reaction steps were
completed in compliance with the standard procedure and in
accordance with the user manual. The amplification was per-
formed in the programmable TP4-PCR-01-Tertsik thermostat
(DNA-Technology LLC, Protvino, Russia).

Results

The pregnancy of 11 out of 13 females ended in the delivery
of full-term babies; in 2 cases (1 — a female immunized with
the Orlov-V strain-based preparation; 1 — a female immunized
with the Wistar RA27/3 strain-based preparation), the preg-
nancy ended in stillbirth caused by a birth injury.

During 90 days after they were born, the infants were daily
examined by the veterinary physician who checked them for
presence or absence of any developmental delay, clinical symp-
toms of thew central nervous system, respiratory, hearing, and
vision disorders. No live-born and breastfed infant presented
any developmental defects or anomalies. The infants were ac-
tively developing; their behavior, weight, hearing, vision, and
bone structure were within the normal range. The X-ray ex-
amination of the skeleton detected rickets-like changes in 2 of
them (one from the Orlov-V group, (ID 40066, and one from
the placebo group, ID 39978); however, these changes were

Antibody titers in HI test in serum of monkeys immunized and not
immunized against rubella

vy | S| M
34086 «Orlov-V» 1:320
33605 «Orlov-V» 1:160
37085 «Orlov-V» 1:640
37174 «Orlov-V» 1:1280
37686 «Orlov-V» 1:320
32771 «Orlov-V» 1:160
37721 «Orlov-V» 1:640
33276 «Orlov-V» 1:1280
37988 «Orlov-V» 1:640
31939 Wistar RA27/3 1:640
37301 Wistar RA27/3 1:320
33992 Wistar RA27/3 1:640
36518 Placebo <1:10
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not virus-specific and could be explained by the food received
by the animals.

To identify a possible relationship between the death
of 2 newborns and the vaccination of their mothers during
pregnancy, their organs and tissues as well as the females’
placentas, were examined pathomorphologically and virologi-
cally. No virus-specific damage of organs and tissues, in dead-
born infants was found. The histologic pattern of the brain and
peripheral organs corresponded to the normal range. There-
fore, in both cases, the death was not caused by the maternal
immunization against rubella during pregnancy.

For comparison purposes, the virology study included the
autopsy material of the infant who did not participate in the ex-
periment and who died of alimentary dystrophy caused by the
absence of breastfeeding (the mother’s agalactia) (ID 32771).

No rubella virus RNA was detected in any of the examined
samples (Figure), which implies that vaccine strains of the
virus did not penetrate the placenta and, therefore, there was
no intrauterine infection of the fetus in each of the studied
deaths of the infants.

The examination of the blood serum of the females that
were given a single dose of the rubella vaccine during preg-
nancy showed 100% seroconversion, meaning that all the ex-
perimental animals responded the injection of vaccine prepa-
rations by specific high-titer antibodies. In the meantime, up-
on the completion of the observation, no specific antibodies
were detected in the serum of the monkey from the placebo
group (Table).

Miller et al. demonstrated that the frequency of detection
of IgM antibodies in blood serum of children with intrauter-
ine infection of rubella etiology reached maximum rates
during the first month of life when it was 100% [15]. Based
on their data, the infants’ sera were examined for the pres-
ence of an IgM fraction of anti-rubella antibodies by collect-
ing blood samples during the first 30 days after the infants
were born. Blood sera from 2 people were examined as pos-
itive and negative control samples (in addition to the con-
trol samples incorporated in the test system). One of them
was obtained from a patient with the laboratory-confirmed
rubella; the other sample was obtained from a patient who
was tested negative for IgM antibodies to the rubella virus.
In none of the cases, the blood serum from the infants born
from the mothers immunized during pregnancy was detected
as having anti-rubella IgM.

Discussion

Considering the fact that the rubella virus can pass through
the placenta and cause multiple systemic defects of the fetus,
monitoring of the loss of teratogenic properties in vaccine
strains for live rubella vaccines should be seen as an essential
and important stage in preclinical studies of such preparations.
The Orlov-V vaccine strain of the rubella virus was select-
ed as a model in this study. It was obtained by attenuation of
a wild-type virus through serial passages in the rabbit kidney
cell culture. The Wistar RA27/3 strain, which is present in all
currently available commercial vaccines against rubella, was
used as a reference preparation.

The experiment provided data on the clinical observation
of infants born to the rhesus monkeys vaccinated during
pregnancy. All of the 11 infants were examined by the veter-
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9 10 11 12 13 14 C- C+

550b.p.
374 b.p.

M 15 16 17 18 19 20 21 22 23 24 25 26 27 NC PC C+

500b.p.
300b.p.

100b.p.

550b.p.
374ub.p.

Detection of rubella virus RNA in clinical material by PCR with electrophoretic detection of amplicons in 2% agarose gel.

Note. M — DNA size marker; 1-27 — clinical samples; K— — negative PCR control of cDNA amplification; K+ — positive PCR control of cDNA amplification;
OK —negative RNA extraction control; ITK — positive RNA extraction control, ma — nucleotide pairs.

inary physician and found clinically healthy; the first month
of the daily clinical observation did not demonstrate any de-
lay in the development of conditioned reflexes in any of the
infants. The regular weight check did not reveal any delay in
their physical development. In the next 3 months of obser-
vation, no pathological conditions were found in any of the
experimental animals.

Taking into account that increased permeability of bone
tissues is one of the most frequent symptoms of congenital
rubella (CR) [16], the X-ray examination was conducted to
check the infants for any deviations in the skeletal develop-
ment from the physiological age-specific normal range. No
bone lesions typical of CR were found in any of the infants.
The rickets-like changes that were found in 2 animals (1 was
immunized with the Orlov-V strain and 1 was immunized
with the solvent of a vaccine against rubella) in growth areas
of the most quickly growing bones were diagnosed by the ra-
diologist as non-specific.

The virology examination of the placenta tissues (with the
PCR test) was conducted in 3 cases to check the tissues for the
presence of rubella virus RNA. The viral RNA was not detect-
ed in any of the examined placenta samples (2 were obtained
from the Orlov-V group and 1 — from the Wistar RA27/3
group) and in any sample of umbilical cord blood (1 sample
from the Orlov-V group).

The thorough and comprehensive pathomorphological
examination of tissues and organs of the infants, who died
in birth (1 — from the Orlov-V group; 1 — from the Wistar
RA27/3 group), also did not detect any virus-specific defects
of organs and tissues.

At the final stage of the experiment, the females’ blood sera
were examined in the HAI assay for the presence of anti-ru-
bella antibodies; the infants’ sera were examined for the pres-
ence of an IgM fraction of antibodies.

The results of the HAI assay demonstrate the development
of the pronounced immune response to the vaccination with
preparations containing Orlov-V and Wistar RA27/3 strains,
and prove the fact of the animals’ immunization.

Unlike anti-virus IgG antibodies, which are transferred

from the mother to the fetus and provide the fetus with pas-
sive anti-virus immunity during the first months of life, [gM
immunoglobulins do not pass through the placenta [17].
Their presence in the infants’ blood is indicative of devel-
oping an intrauterine infection. This phenomenon was con-
vincingly proved by Miller et al. in cohort studies involving
children born with intrauterine infections (IUI) of rubella eti-
ology [15]. Therefore, according to the WHO classification,
congenital rubella can be diagnosed only when IgM rubel-
la antibodies are detected in an infant’s blood, even though
clinical symptoms may be not displayed [18]. Thus, if such
immunoglobulins were detected in the blood of the monkey
infants born to the mothers immunized against rubella, they
would be seen as unquestionable evidence of retained terato-
genic properties of the vaccine virus. On the other hand, their
absence proves convincingly that the strains used in this
study do not cause intrauterine infection of the fetus. Most
importantly, the results were obtained without scarification
of infants, following the principles of humane treatment of
laboratory animals.

It should be noted that the PCR used for detection of the ru-
bella virus RNA in the autopsy material, placenta, and umbili-
cal cord blood can be seen as a reliable marker for assessment
of potential teratogenic effects [19] of the tested preparations
during their preclinical studies.

Conclusion

During the study of any potential teratogenic effect of the
rubella virus vaccine strains by using experimental rhesus
monkeys, no evidence that would be indicative of an intra-
uterine infection of the fetus in the females immunized during
pregnancy was discovered. Thus, the study results demonstrat-
ed that teratogenic properties were absent both in the Orlov-V
vaccine strain of the rubella virus and in the Wistar RA27/3
strain used as the reference preparation and commonly used
for commercial vaccines against rubella. The study demon-
strated the informative value of PCR as the test proving the
specific safety of vaccine strains for live virus vaccines during
their preclinical studies.
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