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Abstract. The epidemiological and etiological aspects of poliomyelitis and acute flaccid paralysis (AFP) in Russia and
Vietnam were analysed and compared. The polio-free status is maintained on 14 territories of Russia and 29 provinces
of South Vietnam. The quality of epidemiological and virological surveillance for acute flaccid paralysis is in accordance
with the requirements of the national and international polio surveillance systems. All AFP cases were revealed,
registered, reported and investigated in both countries. The percentage of poliovirus isolation from 2492 samples
collected from patients with acute flaccid paralysis and contact persons in different years in Russia ranged from 1.3+£0.89
t0 9.8+0.79. In South Vietnam, 2143 samples from patients with acute flaccid paralysis were investigated. In Russia and
Vietnam, we isolated vaccine polioviruses of all three types with predominance of type 3 polioviruses (63% and 50%,
respectively) in both countries. From AFP patients in Russia and Vietnam, polioviruses were isolated in 4.9% and 1.0%
studied samples, respectively. Some VDPV strains were revealed on the territories of Russia and South Vietnam. Here,
we describe five cases of vaccine-associated paralytic poliomyelitis registered in Russia and two cases of AFP caused
by VDPV type 2 reported in Vietnam. To prevent the risk of developing vaccine-associated paralytic poliomyelitis,
it is indispensable to ensure high-quality surveillance for acute flaccid paralysis, maintain 95% polio vaccine pediatric
coverage and strictly comply with sanitary legislation, including the National Vaccination Schedule when vaccinating
children, to improve virological surveillance of polioviruses using classical and new virological and molecular methods
and to continue research on poliomyelitis, including development of new safe and effective poliovirus vaccines able
to induce both humoral and mucosal immunity. The systematic control of adequate polio vaccination is indispensable
in order to prevent transmission of imported wild polioviruses into polio free countries as well as circulation of vaccine-
derived polioviruses worldwide.
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HAA30P 3A OCTPbIM BSJ1bIM NMAPAJINYOM M NOJIMOMMUEJSIUTOM HA HEKOTOPBIX
TEPPUTOPUAX POCCUU N IOXKHOIO BBETHAMA. HACTb 1. MOJIMOBUPYCbI U NAPAJIUM

Pomanenkosa H.I.!, Hryen T.T.T.2, Pozaesa H.P.!, Kanaesa O.I1.!, Esceena B.A.!, Buuypuna M.A.!

T®BYH HUU snudemuosoeuu u muxpoouonroeuu umenu Ilacmepa, Cankm-Ilemep6ype, Poccus
2 Humumym I[lacmepa ¢ Xowumune, Xowumut, Bvemnam

Pesitome. [IpoBeneH cpaBHUTENbHBIN aHAIU3 SMUAEMHOIOIHYSCKOTO U 3TUOJOTMYECKOr0 acCleKTOB MOJMOMUETIUTA
u ocTpbixX Bsutblx mapanndeit (OBIT) B Poccun n BeeTHame. CBOOOIHBINM OT MOJMOMUEINTA CTaTyC MOAICPKUBACTCS
Ha 14 tepputopusx Poccun u B 29 mpoBuHImsax FOxHoro BeetHama. KagecTBO 31MaeMHOIOrHIeCKOTO U BUPYCOJIO-
TUYEeCKOTO HaJ30pa COOTBETCTBYET TPeOOBAHMSIM HAIIMOHAJIBHBIX M MEXXIYHAPOIHOU cHCTeM Haa3opa. Bee 60abHEBIE
OBII BBISIBIICHBI, 3apeTUCTPUPOBAHEI M 00CIIeNOBaHBI B 00enX cTpaHaX. B Poccuu mpolieHT BhIIEICHUS TIOTUOBHPY-
coB 13 pod ot 2492 601bHBIX OBIT 1 KOHTAKTHBIX JIM1I B pa3Hble rofabl kosuedascs ot 1,3+0,89 no 9,8+0,79. B FOxxHOoM
BreTHame Ob1710 MccienoBaHo 2143 mpoObl OT OOIBHBIX C OCTPHIMU BAJABIMU NapanuyaMu. B Poccuu u BeeTHame Mbl
BBIJIEJIVJIM TIOJIMOBUPYCHI BCEX TPEX TUIIOB C TpeobjagsaHnueM noanoBupycoB tumna 3 (63 u 50% cOOTBETCTBEHHO).
B Poccuu monmoBupychl Ob1TH M3011poBaHbl U3 4,9% 1po0, Bo BoeTHame B 1% mpo6 comepkaauch MOJUOBUPYCHI.
[lITaMMBI TOTMOBUPYCOB BaKLIMHHOTO TIpoucxoxaeHus (VDPV) 6b11u o6HapyxeHbl B Poccun u BoeTHame. B ctatbe
JaHO OMMCaHUE MSATH CIy4YaeB BaKIIMHOACCOLMMPOBAHHOTO MapaJuTHUYECKOro nmoauoMuenuTa B Poccuu u nByx ciy-
yaeB OBII, Bei3BanHbIX VDPV Tuna 2, Bo BoeTHame. [1nst mpenoTBpalieHus pucka pa3BUTUS BaKIIMHOACCOLMUPO-
BaHHOTO MapaJMTUYECKOT0 MOJIMOMUEINTA HEOOXOAMMO 00eCcIeYnBaTh BBICOKOKaueCcTBeHHbII Haa3op 3a OBII, mox-
JIepXuBaTh 95% oXBaT AeTeil BaKLMHALME, CTPOro co0/II01aTh CAHUTAPHOE 3aKOHOIATEAbCTBO U HalimoHanbHbIA
KaJIeHIaph IIPUBUBOK ITPY MMMYHU3AIINY IETEi, COBEPIIIEHCTBOBATH BUPYCOJOTMUCCKUIA HA30D C UCIIOIb30BAHUEM
KJIACCUUYECKUX M HOBBIX BUPYCOJIOTMISCKIX M MOJIEKYISIPHBIX METOIOB 1 IIPOIOJIKATh HayYHBIC MICCIICIOBAHMS 110 T10-
JIMOMHUEJIUTY, B TOM YHUCJIEe pa3pabOTKy HOBHIX 0e30MacHBIX M 3(D(MEKTUBHBIX ITOJTMOBUPYCHBIX BAKIIMH, NUHIYLIHPY-
IONINUX TYMOPAJbHBIN U MYKO3aJTbHBIM MMMYHUTET. HeoOXonnMo KOHTPOJIMPOBATh KAY€CTBO BAKIIMHAIIMY, YTOOBI
MPeTOTBPATUTh UMITIOPTUPOBAHUE IMKUX U LU PKYJISIINIO TPOU3BOIHBIX OT BAKIIMHBI ITOJIMOBUPYCOB B CBOOOTHBIX
OT TIOJTMOMHUENINTA CTPAHaX M BO BCEM MUDE.

Karouesvie caosa: OCmpblﬁ 8AAbLI napaauu, eaxuuﬁoaccouuupoeaﬁﬁblﬁ napaﬂumul{ectcuﬁ noauomuenum, nOAUOBUPYCobl, UUPDKYAAUUA,

Ha63op, /ca/zeﬁdapb 6AKUUHAUUU, NONUOBUDP)YCHbIE 6AKUUHDBL.

Introduction

Since the General Health Assembly set the am-
bitious goal of global eradication of poliomyeli-
tis, impressive progress has been made in reducing
the incidence of polio [1, 2, 5, 21]. In 1988, 350 000
cases of poliomyelitis were reported in 125 countries;
in 2003, there were only 784 cases in 15 countries.
But in the same year, wild poliovirus was imported
from Nigeria into neighboring African countries,
and then the international spread of wild polioviruses
from endemic countries to countries free of poliomy-
elitis was recorded. To date five WHO regions from
six are certified as polio free regions [5]. Wild type 1
poliovirus now circulates only in two countries —
Afghanistan and Pakistan.

To achieve the goal of eradicating poliomyelitis,
WHO has recommended maintaining polio vac-
cination coverage of children at a level of at least
95%. The effective triple oral poliovirus vaccine
(tOPV), inducing both humoral and mucosal im-
munity in vaccine recipient, served as the main tool
for routine and mass immunization [14, 15]. Since
2016, only two-component oral poliovirus vaccine
(bOPV) containing virus types 1 and 3 has been
used. Vaccine-derived polioviruses — VDPYV. can be
formed after vaccination of children with tOVP or
bOPYV during the persistence and replication of po-
lioviruses in the cells of small intestine due to two

mechanisms of virus evolution — recombination and
mutation [9, 11, 13]. Subsequent circulation of VDPV
of different types in the population is possible, which
has become another problem of the Polio Eradication
Programme.

The main concept of Polio Eradication Program-
me is the creation of surveillance system based on the
data from epidemiological investigations of cases
with acute flaccid paralysis (AFP) and on the re-
sults of clinical and laboratory diagnostics [1, 2, 21].
Laboratory diagnostics implies a mandatory virologi-
cal study of two adequate samples of biological mate-
rial from each patient within the decreed timeframe
and in strict accordance with the recommendations
of the World Health Organization [1, 20, 21].

In some cases the initial diagnosis is changed to vac-
cine-associated paralytic poliomyelitis (VAPP) [3, 10].
Based on WHO criteria in such cases the development
of paralysis occurs from 4 to 60 days after vaccina-
tion with oral polio vaccine in vaccine recipients [19].
The same process occurs in nonvaccinated children
as the result of contact with recently vaccinated chil-
dren. VAPP is characterized by a typical clinical pic-
ture of poliomyelitis with an acute onset, rapid devel-
opment of paralysis, mainly proximal and asymmetric,
in the first three days from the onset of the disease,
the appearance of atrophy by the 7th day of illness and
the presence of residual paralysis after the sixtieth day
after onset of paralysis. The diagnosis is made by isolat-
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ing polioviruses, either wild, vaccine or vaccine-derived
viruses, from the faeces of patients.

The Subnational polio laboratory in Saint Peters-
burg was created in the scientific laboratory of the
Pasteur Institute in St. Petersburg. The laboratory
is part of the World Health Organization network
of polio laboratories. The laboratory constantly col-
laborates with virologists and epidemiologists of 14
administrative territories of Russia with the popula-
tion of 25 million people, including 3 million (12%)
children under 15.

The virological laboratory of the Pasteur Institute
in Ho Chi Minh City is one of the National polio lab-
oratories in Vietnam and covers 29 provinces of South
Vietnam with the population of 45 million people, in-
cluding 12 million (26,7%) children under 15.

Materials and methods

The analysis was carried out on the basis of infor-
mation on the primary registration of patients (cards
of the epidemiological investigation of cases of acute
flaccid paralysis and poliomyelitis, including vac-
cine-associated) and state statistical reporting data.

During the observation period from 2002 to 2021,
2492 fecal samples were examined from patients with
acute flaccid paralysis syndrome and contact persons
sent from 14 administrative territories of the Russian
Federation. Also, 2143 samples from children with
acute flaccid paralysis collected in 29 provinces
of South Vietnam were examined.

Isolation of polioviruses was carried out using
standard procedures recommended by WHO man-
ual on three cell lines RD, L20B and Hep-2 [20].
Identification of polioviruses was carried out using
a neutralization test with specific diagnostic sera
on the cell culture on which poliovirus was isolated
in accordance with WHO recommendations [17, 20].
Intratypic differentiation (ITD) of polioviruses was
performed using ELISA with polyclonal cross-ad-
sorbed sera and PCR with primers specific to vaccine
strains of polioviruses [17, 24]. A neutralization reac-

tion was also carried out with monoclonal antibodies
to wild and vaccine polioviruses [8]. Molecular stud-
ies were performed by partial sequencing of the VP1
region of poliovirus genome [16].

The average errors were determined, and the sig-
nificance of statistical differences was evaluated us-
ing Student’s t-test. Differences were considered
statistically significant at 95% confidence interval
(values of p < 0.05).

Results

During the study of 2492 fecal samples from chil-
dren with acute flaccid paralysis syndrome and peo-
ple who were in close contact with them from 14 terri-
tories of Russia, 60 polioviruses (4.5%) were isolated.
According to the results of intratypic differentiation,
the majority of polioviruses were vaccine (some po-
lioviruses were classified as VDPV). Identification
of polioviruses showed that 15 polioviruses belonged
to type 1, seven polioviruses belonged to type 2, and
38 strains belonged to type 3. The percentage of po-
liovirus isolation fluctuated over the years (Table 1).

In 2002—2007, 58 polioviruses were isolated from
patients with AFP (6.2% of cases). In 2008—2009,
the percentage of poliovirus isolation decreased
to 1.3% that was statistically significant (p < 0.05).
In 2009, when vaccination of infants with inactivated
poliovirus vaccine (IPV) was introduced in the coun-
try, not a single poliovirus was isolated [25].

In 2010, when wild type 1 poliovirus was import-
ed into Russia from Tajikistan, 13 vaccine poliovi-
ruses were isolated from the AFP cases [22]. In such
difficult epidemic situation, the percentage of detec-
tion of polioviruses significantly increased to 9.8%
(p < 0.05). This can be explained by supplementary
immunization in order to protect children [1, 3, 9].
It should be noted that in 2010 we also isolated 4 wild
type 1 polioviruses in three healthy children who ar-
rived in St. Petersburg from Tajikistan. It is extremely
important to state that not a single case of AFP or
VAPP caused by wild type 1 poliovirus was record-

Table 1. Isolation of polioviruses and nonpolio enteroviruses from AFP cases and contact persons

on 14 territories of Russia

Years Number Number of isolated enteroviruses (PV and NPEV)
of samples PV (%) PV1 PV2 PV3 NPEV (%)
2002-2003 378 30(7.9) 9 1 10 15
2004-2005 256 17 (6.6) 1 7 9 19
2006-2007 300 11(3.7) 4 6 1 9
2008-2009 232 3(1.3) 0 1 2 1
2010 133 13 (9.8) 4 4 5 4
2011-2012 230 5(2.2) 0 1 4 13
2013-2014 216 11 (5.1) 0 0 1 6
2015-2016 245 18 (7.3) 8 2 8 1
2017-2019 325 9(2.8) 1 0 8 14
2020-2021 178 4(2.2) 2 0 2 4
Total 2492 121 (4.9) 29 32 60 106 (4.3)
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ed in 14 administrative territories of the Russian
Federation located in the area of responsibility of the
SNL in St. Petersburg.

In 2011-2012, the detection rate of polioviruses
in patients with AFP decreased to 2.2% (p < 0.05).
In 2013, seven patients with AFP living in 5 admin-
istrative territories of St. Petersburg RC were found
to have type 3 polioviruses. All these children received
4—5 vaccinations against poliomyelitis — 2 doses
of inactivated and 2—3 doses of oral vaccine. Acute
flaccid paralysis events occurred 4th to 36th days after
the last oral polio vaccine vaccination, with different
vaccine series. It is important that all nine poliovi-
ruses of type 3 were vaccine according to the results
of intratypic differentiation. The reason for this situ-
ation, most likely, can be associated with the state
of the immune system of children. In 2014, only two
polioviruses were isolated, both of them belonged
to type 3. Most of polioviruses found in samples from
patients with AFP in 2014—2015 belonged to type 3,
samples from two patients contained mixtures of po-
lioviruses of types 1 and 3, in samples from one pa-
tient in 2015 polioviruses of all three types were de-
tected. All polioviruses, according to the results of the
ITD, were vaccine viruses. During the next six years
from 2016 to 2021, vaccine polioviruses of type 2 were
not isolated from patients. This is due to the global
switch from a three-component to a two-component
oral poliovirus vaccine. During this period, 17 po-
lioviruses (5 type 1 and 12 type 3) were isolated from
samples of patients with AFP syndrome, the percent-
age of poliovirus isolation in 2016—2021 was 2.8% and
all polioviruses were vaccine.

It is important to note that during the analyzed
period, in some cases, the primary diagnosis “acute
flaccid paralysis” was finally changed by the Federal
Commission to “vaccine-associated paralytic polio-
myelitis” [3, 10, 19].

VAPP can appear after receiving the first dose
of oral polio vaccine, usually in recipients with pri-
mary or secondary immunodeficiencies. The main
reasons for the occurrence of VAPP are the lack
of vaccinations in children who should have been
vaccinated against polio in accordance with
the National Vaccination Schedule. This circum-
stance contributes to the development of VAPP
in unvaccinated children who have been in contact
with recently vaccinated children, who can excrete
vaccine polioviruses within two months after im-
munization. In addition, the development of VAPP
in vaccinated recipients is possible due to ignoration
of the requirements of sanitary legislation by medi-
cal personnel during immunization against poliomy-
elitis in the case when previously unvaccinated chil-
dren more than 12 months old are vaccinated with an
oral vaccine (OPV) instead of an inactivated vaccine
(IPV). In Russia in accordance with the National
Vaccination Schedule, to protect children against
the development of VAPP, an inactivated poliovirus

vaccine must be used for the first two vaccinations,
regardless of the age of the child.

The following is a description of five cases of acute
flaccid paralysis which were classified as vaccine-as-
sociated paralytic poliomyelitis.

VAPP case I: Acute flaccid paralysis was regis-
tered on June 14, 2002 in a non-vaccinated girl aged
20 months. It happened during her stay in a noninfec-
tious hospital, that’s why she was transferred to hospi-
tal for infectious diseases. The girl was immunodefi-
cient (hypogammaglobulinemia). Vaccine type 2 po-
lioviruses were isolated from fecal samples taken from
the second to the 78th day from the onset of paralysis.
In the blood serum taken on the 2nd day after the de-
tection of paralysis, there were no antibodiesto PV1 and
PV3, the titer of antibodies to PV2 was 1:16. The anti-
bodies titers to PV2 increased four-fold (1:64) on the
21st day after the onset of paralysis. When examining
four children without paralysis who had contact with
the sick child in hospital, poliovirus type 2 was also de-
tected, three of them were not vaccinated. On the 60th
day from the onset of paralysis, the child had residual
paralysis. The final diagnosis was Vaccine-associated
Paralytic poliomyelitis in a contact person.

VAPP case 2: Acute flaccid paralysis was regis-
tered in a boy on February 7, 2005 at the age of 20
months after receiving the fourth dose of oral polio
vaccine. Paralysis developed on the 60th day after re-
vaccination. Vaccine poliovirus type 2 was isolated
from fecal samples taken on days 1, 2, 30, 45 from
the onset of paralysis. Poliovirus excretion continued
for 4 months after vaccination. In blood sera taken
on the first and 30 days from the onset of paralysis,
there were no antibodies to poliovirus types 1, 2 and 3.
The immunological study show the Bruton’s disease
(agammaglobulinemia). On the 60th day of the on-
set of paralysis, residual paralysis was recorded. Final
diagnosis: Vaccine-associated paralytic poliomyelitis
in the vaccine recipient.

VAPP case 3: Acute flaccid paralysis was regis-
tered in a boy on July 20, 2016 at the age of 21 months
after the first in his life vaccination with bivalent
oral poliovirus vaccine. When choosing the vaccine,
the medical staff was guided by the age of the boy, and
not by his actual vaccination status. In Russia, in ac-
cordance with the National Vaccination Schedule,
the inactivated poliovirus vaccine must be used
for the first two vaccinations, regardless of the age
of the child. Acute flaccid paralysis developed in the
course of 12 days after immunization. Vaccine po-
lioviruses types 1 and 3 were isolated from two fe-
cal samples. In blood serum taken late from the on-
set of paralysis, antibodies to two polioviruses were
found in titers: PVl — 1:256, PV3 — 1:32. On the
60th day of the onset of paralysis, residual paralysis
was recorded. Final diagnosis: Vaccine-associated
paralytic poliomyelitis in the vaccine recipient.

VAPP case 4: Acute flaccid paralysis in a nonvac-
cinated child was registered on September 26, 2017 at
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Table 2. Isolation of polioviruses and nonpolio enteroviruses from AFP cases and contact persons

in 20 provinces of South Vietnam

Years Number Number of isolated enteroviruses (PV and NPEV)
of samples PV (%) PV1 PV2 PV3 NPEV (%)
2010 109 1 0 0 1 12
2011-2012 480 7 3 3 1 54
2013-2014 363 2 1 0 1 38
2015-2016 340 8 1 2 5 31
2017-2019 544 4 1 0 3 70
2020-2021 307 0 0 0 0 44
Total 2143 22 (1.0) 6 5 11 249 (11.6)

the age of 11 weeks. The boy was hospitalized in the
intensive care unit with tetra paresis and paresis of the
muscles of the diaphragm, and was on artificial lung
ventilation for a month. Vaccine poliovirus type 3
was isolated from two fecal samples. The antibodies
titers against PV3 increased four-fold on the 21st day
after the onset of paralysis. We isolated the same po-
liovirus from the patient’s elder sister who received
3 doses of IPV and had high antibodies titer to this
poliovirus (1:512). The girl could be the only possible
source of poliovirus for this VAPP patient, the source
of poliovirus for the girl could not be established.
During examination on the 60th day after the onset
of paralysis residual paralysis was revealed. Final di-
agnosis: Vaccine-associated paralytic poliomyelitis
in the contact person.

VAPP case 5: The child was vaccinated with
the first in his life dose of inactivated vaccine “Poli-
milex” at the age of 10 months. Acute flaccid paralysis
was registered in a boy on December 7, 2018 during
his stay in hospital of the Far East. From two fecal
samples dated December 7 and 8, 2018 vaccine po-
liovirus type 3 was isolated. In the blood serum anti-
bodies only to two polioviruses (PV1 — 1:256, PV3 —
1:64) were found. On December 27, 2018 the child was
transferred to central hospital for infectious diseases
in St. Petersburg. In blood serum taken on the next
day, antibodies to three polioviruses were found in ti-
ters: PVI — 1:512, PV2 — 1:64, PV3 — 1:512. The an-
tibodies titers against PV3 increased eight-fold on the
21st day after the onset of paralysis. On the 60th day,
the patient had residual paralysis. Final diagnosis:
Vaccine-associated paralytic poliomyelitis in the vac-
cine recipient or in the contact person.

During the surveillance of acute flaccid paraly-
sis in South Vietnam, 2143 fecal samples from chil-
dren with AFP syndrome from 29 southern provinces
of Vietnam were examined and 22 polioviruses (1.0%)
were isolated. Most of them, according to the results
of intratypic differentiation, were vaccine. Type 2
poliovirus strains isolated from two children in 2012
were classified as vaccine-derived polioviruses based
on intratypic differentiation results. Six of the 22 iso-
lated polioviruses were classified as type 1, five as
type 2, and eleven viruses (50%) were type 3 poliovi-
ruses (Table 2).

It is extremely important that two cases of acute
flaccid paralysis registered in 2012 were caused by
vaccine-derived polioviruses of type 2. Below you
can see the description of these cases:

Case of AFP I: A child, 19 months old, was not
vaccinated against polio. Acute flaccid paralysis
in a girl was registered on February 14, 2012 in the
district close to the sea with humid tropical climate,
poor sanitary conditions and more than 80% of the
population of ethnic minorities origin. The girl was
sent to hospital. From two patient’s samples there
were isolated two polioviruses which were classified
as VDPV of type 2 according to intratypic differen-
tiation. The results of poliovirus search on the 30th
day after the onset of paralysis were negative. On the
60th day, the patient had not residual paralysis. Final
diagnosis: Acute flaccid paralysis in the non-vacci-
nated person.

Case of AFP 2: A child, 5 years old, received two
doses of tOPV, the last dose was given more than 30
days before the onset of paralysis. Acute flaccid pa-
ralysis was registered on April 17, 2012, in the moun-
tainous district hard to reach for the provision of vac-
cines. The population of the district consists of 11
ethnic groups. The boy was sent to hospital. From two
samples two polioviruses classified as VDPV type 2
were isolated, on the 30th day after the onset of pa-
ralysis polioviruses were not found. On examination
of the boy on the 60th day after the onset of paralysis,
the residual paralysis was not found. Final diagnosis:
Acute flaccid paralysis in the not completely vacci-
nated child.

The number of poliovirus strains isolated from
AFP cases in Russia was 60, and it was more than
in South Vietnam which was 22 (Fig.).

Discussion and conclusion

The number of registered and completely studied
cases of AFP was large in both countries. In Russia
in the course of 20 years (from 2002 to 2021) 2492
samples from patients with acute flaccid paralysis
syndrome and their close contacts from 14 territo-
ries were examined. In Vietnam during 12 years 2143
samples from patients having acute flaccid paralysis
from 29 provinces of South Vietnam were investigat-
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Figure. Polioviruses isolated from AFP cases
on 14 territories of Russia and in 29 provinces
of South Vietnam

ed. The samples from contact persons were not ex-
amined in accordance with the National surveillance
system.

In Russia and Vietnam, in the course of surveil-
lance for acute flaccid paralysis during the analyzed
periods we isolated vaccine polioviruses of three
types with predominance of type 3 polioviruses (63%
and 50%, respectively) in both countries. From pa-
tients with AFP from Russia, polioviruses were
isolated in 4.9% of samples; in Vietnam, only 1.0%
of samples contained polioviruses. If we compare
the total poliovirus isolation in the two countries
over the same period of time from 2010 to 2021, then
the ratio of positive for polioviruses samples will re-
main the same. The percentage of polioviruses iso-
lated in Russia in 2002—2021 (4.9%) or in 2010—2021
(4.5%) statistically exceeded the percentage (1.0%)
of poliovirus isolation in 2910—2021 in Vietnam (p <
0.001). In Russia four wild type 1 polioviruses were
isolated in 2010 from healthy children, who arrived
in Saint Petersburg from Tajikistan, as well as vari-
ous types of VDPV. In Vietnam no wild polioviruses
have been identified during 12 years since 2010. From
the middle of 2016 in Russia and in Vietnam poliovi-
ruses of type 2 have not been isolated. On the contrary
the percentage of isolation of nonpoliomyelitis enter-
oviruses from patients with AFP syndrome in South
Vietnam was higher than in Russia (11.6% and 4.3%,
respectively) because of extremely high level of en-
terovirus circulation in South Vietnam, the details
will be discussed in the article “Surveillance of acute
flaccid paralysis and poliomyelitis in some territories
of Russia and in South Vietnam. Part 2. Non-polio
enteroviruses and paralysis”.

The higher percentage of poliovirus isolation from
AFP patients in Russia can be explained by the dif-
ference in the National Vaccination Schedules in the

two countries. In Russia now each child should re-
ceive six polio vaccinations against polio during their
lifetime — 2 doses of the inactivated vaccine — at 3
and 4 and a half months, and 4 doses of the oral vac-
cine — at 6, 18 and 20 months, and then at 6 years.
Earlier the 6th dose of OPV was given at the age
of 14 [4, 18]. Until May 2016, a three-component
OPV was used. Since the global switch to bivalent
oral poliovirus vaccine in 2016, all the countries use
only bivalent OPV for vaccination. The Vietnamese
National Vaccination Schedule earlier provided
three doses of OPV at the age of two, three and four
months. In September 2018, the additional dose with
inactivated vaccine IPV at five months was intro-
duced into the Vaccination schedule of Vietnam,
currently the children in Vietnam should receive four
vaccinations against poliomyelitis.

There exists the risk for the polio eradication pro-
gramme, such as the development of AFP and VAPP
caused by VDPV in the context of continued use
of oral poliovirus vaccine. In Russia in 2002—2021
several cases of VAPP were diagnosed in 14 territo-
ries. In 29 provinces of South Vietnam, VAPP cases
have not been reported. But two provinces in South
Vietnam in 2012 reported one case each of acute flac-
cid paralysis caused by vaccine-derived polioviruses,
VDPV type 2, isolated from sick children.

In order to analyse the causes of VAPP devel-
opment we choose five cases of VAPP. The cases 1
and 2 demonstrate the contribution of immunode-
ficiencies to VAPP development. The case 3 shows
the consequence of ignoring requirements of the
Russian Vaccination Schedule and the lack of alert-
ness of medical personnel. The case 4 gives the ex-
ample of poliovirus transmission to nonvaccinated
child by recipient of IPV without mucosal immunity.
The reason for VAPP in the case 5 is unclear, maybe
it was not complete vaccination or the use of not ad-
equate vaccine for the immunisation of this child.

It should be noted that in Russia over the 25-year
period, cases of VAPP have been repeatedly record-
ed, they were caused by both vaccine polioviruses and
vaccine-derived polioviruses of different types [1, 2,
3, 10]. In the SNL of St. Petersburg, nucleotide sub-
stitutions were detected in more than 40 polioviruses
isolated from patients with AFP and VAPP since
1998 [13]. In three strains isolated from patients with
VAPP, the percentage of nucleotide divergence with
vaccine strains in the VP3—2A genome region ranged
from 0.7% to 1.4%, and in the VP1 genome region it
was 0.9—1.1%, the percentage of amino acid substitu-
tions (0.8—1.4%) was also high [13]. In one child with
immunodeficiency (our VAPP case 2) from the 2nd
to the 78th days from the onset of paralysis, type 2 po-
lioviruses were isolated. These strains had only 0.2%
of nucleotide substitutions, including one neuroviru-
lent mutation (T—C), in the genome region encoding
the VP1 protein [6, 7]. The poliovirus, that caused
VAPP in the child with paralysis, was a recombinant
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strain (S2/S1), it could be formed in a vaccinated
child during the replication of polioviruses of dif-
ferent types in intestinal epithelial cells [9, 11, 13].
Just one neurovirulent mutation gave poliovirus an
increased possibility to be transmitted to other chil-
dren [3, 7]. Type 2 polioviruses with the same charac-
teristics were found in four other non-paralyzed chil-
dren in an adjacent hospital ward. As five children
shed such polioviruses, they were detected in sewage
samples from the hospital sewer [3, 7]. These results
showed that among children’ population, with very
good vaccination coverage, long-term persistence
and circulation of vaccine-derived polioviruses had
been possible. Since the number of children receiv-
ing OPV in Russia is high, each unvaccinated child
is likely to contact with recently vaccinated children
who can shed vaccine polioviruses or even VDPV
which can become the cause of paralytic disease.
The number of VAPP among the recipients of polio
vaccine dramatically decreased after the introduc-
tion of two IPV doses into the National Vaccination
Schedule [4, 18, 25], the risk of VAPP in unvaccinat-
ed children still exists.

In 2012 Vietnam also reported two cases of AFP
caused by VDPV type 2 in two provinces. Barriers
to vaccine delivery as well as inadequate epidemio-
logical and sanitary situation have created the pre-
requisites for the spread of VDPV type 2, which was
isolated from healthy contact children and from sew-
age water samples in 13 other countries between April
2011 and June 2012 (Update of vaccine-derived po-
lioviruses — worldwide, April 2011 — June 2012).

Another risk for the polio eradication is the de-
creased mucosal and humoral immunity in vacci-
nated children. The circulation of VDPV type 3 in an
orphanage led to the case of paralytic poliomyelitis
caused by this virus in one child was described [12].
The complete genome sequencing was performed
for five polioviruses isolated from the patient and
three contact children. The level of divergence of the
isolates’ genomes corresponded to approximately
9—10 months of evolution. The possibility of VDPV3
transmission from poliovirus excretor to susceptible
recipients (unvaccinated against polio or vaccinated
with inactivated poliovirus vaccine) and circulation
in the closed children’s group was demonstrated.
The study of the blood sera of orphanage residents at
least twice vaccinated with IPV revealed the absence
of neutralizing antibodies against two poliovirus se-
rotypes in almost 20% of children. Thus the authors
of the article [12] showed that the rejection of OPV
vaccination can lead to a critical decrease in collec-
tive immunity.

When studying the levels of immunity to po-
lioviruses in vaccinated with bOPV vaccine we
fixed the decrease of humoral immunity to poliovi-
rus type 2 in children of two age groups (3—4 and
15—17 years old) from one territory of Russia. Below
there are the data showing the absence of antibodies

Table 3. The percentage of children vaccinated by
bOPV having no anti-PV2 antibodies in the two age
groups

Year Nurr_lber Children aged | Children aged
of children 3-4 years 15-17 years

2017 204 0 0

2018 202 1% 2%

2019 200 2% 6%

2022 206 8% 3%

to type 2 polioviruses in some children after vaccina-
tion with a bivalent poliovirus vaccine (Table 3).

Our data also prove that the complete rejection
of OPV for vaccination of children may lead to a sig-
nificant decrease in collective immunity.

Russia and Vietnam are situated in two WHO
Regions — European Region and South-East Asia
Region. Both regions were certified as polio free
regions — EURO in 2002 [5] and SEAR in 2014.
Throughout the post-certification period, the polio-
free status was maintained on 14 territories of Russia
and 29 provinces of South Vietnam. The qual-
ity of epidemiological and virological surveillance
for acute flaccid paralysis was in accordance with
the requirements regulated by the national and inter-
national polio surveillance systems. All cases of AFP
were revealed, registered, virologically studied and
timely reported in both countries.

To prevent the risk of developing vaccine-asso-
ciated paralytic poliomyelitis, it is indispensable
to maintain 95% polio vaccine coverage of chil-
dren; to comply with sanitary legislation, including
the National Vaccination Schedule when vaccinating
children and minimize the number of refusals to vac-
cinate children against poliomyelitis counteracting
anti-vaccination propaganda in every way.

Poliomyelitis and AFP surveillance must be con-
tinued because the risk of wild poliovirus importa-
tion into polio free countries exists till the complete
eradication of WPV circulation in the world. It is
necessary to strengthen the epidemiological surveil-
lance of poliomyelitis and acute flaccid paralysis,
to improve the virological surveillance of poliovi-
ruses [23], to continue researches on poliomyelitis,
including the development of new safe and effective
poliovirus vaccines that can create both humoral and
mucosal immunity. The goal of surveillance is to
evaluate the circulation of imported wild poliovi-
ruses and vaccine-derived polioviruses with nucleo-
tide substitutions. The detection of these pathogenic
strains is based on the analysis of poliovirus strains
isolated during polio surveillance with the help
of classical and new virological and molecular meth-
ods. The systematic control of adequate polio vac-
cination is indispensable in order to prevent trans-
mission of imported wild polioviruses into polio free
countries and circulation of vaccine-derived poliovi-
ruses all over the world.

335



N.l. Romanenkova et al. MHdekumns n uMmyHuTeT

References

1. JBamguath jet paboTsl B [106anbHOIM MporpamMme JMKBUAALIMK TOJIMOMUEIUTA: aHanuTHueckuii 063op. CI16.: ®BYH
HUWDM umenn Iactepa, 2018. 88 ¢. [20 years of work at Global Polio Eradication Initiative. St. Petersburg, 2018. 88 p. (In Russ.)]

2. OnuuenkoI.T., Apo3noB C.I.,JIsnunaJl.B., buuypunaM.A., I'paueB B.I1., UBanoBa O.E., ficunckuitA.A., Pomanenkosa H. 1.,
XKeo6pyn A.b., Yepussckas O.I1., Boponuosa T.B. [1Ipo6iemMbl TuKBUAAIIMY TTIOJTUOMHUennTa: MoHorpadus. CI16., 2008. 304 c.
[Onishenko G.G., Drozdov S.G., Lyalina L.V., Bichurina M.A., Grachev V.P., Ivanova O.E., Yasinsky A.A., Romanenkova N.I.,
Zhebrun A.B. Problems of Polio Eradication. St. Petersburg, 2008. 303 p. (In Russ.)]

3. Pomanenkona H.U., Pozaesa H.P., buuypuna M.A., Kanaesa O.W., UYxunaxepus WU.I. BakiimHoaccounmpoBaHHbIN apaiu-
TUYECKU I TOJMOMUETUT U OCTPBIE BsIJIbIE MTApaIndy Ha psiae TeppuTopuii Poccuu 3a nBaauaTuieTHuii nepuon // 2Ky pHau nH-
dexromorun. T. 11, Ne 3. C. 102—109. [Romanenkova N.I., Rozaeva N.R., Bichurina M.A., Kanaeva O.1., Chkhyndzheriya 1.G.
Vaccine associated paralytic poliomyelitis and acute flaccid paralysis on some territories of russia during 20 years. Zhurnal
infektologii = Journal Infectology, 2019, vol. 11, no. 3, pp. 102—109. (In Russ.)] doi: 10.22625/2072-6732-2019-11-3-102-109

4. CaulluH 3.3686-21 «CaHuTapHO-3IUAEMUOIOrMYeCKe TpeOoBaHUs MO MPOMPUIAKTUKE WHGEKIMOHHBIX 0O0Je3HEit».
VYTB. mocTaHoBIeHWeM [TaBHOTO TocymapcTBeHHOTO caHuTapHoro Bpaua PD ot 28.01.2021 Ne 4. [3.1.2951-11. Sanitary rules
for prevention of infectious diseases. Approved by Decree of the Chief State Sanitary Doctor of the Russian Federation No. 4 dated
28.01.2021. (In Russ.)| URL: https.//www.rospotrebnadzor.ru/files/news/SP_infections_compressed.pdf (19.09.2022)

5. CDC. Certification of poliomyelitis eradication — European Region, June 2002. MM W R Morb. Mortal. Wkly Rep., 2002, vol. 51,
no. 26, pp. 572—574.

6. Cherkasova E.A., Korotkova E.A., Yakovenko M.L., Ivanova O.E., Eremeeva T.P., Chumakov K.M., Agol V.I. Long-term cir-
culation of vaccine-derived poliovirus that causes paralytic disease. J. Virol., 2002, vol. 76, no. 13, pp. 6791—6799. doi: 10.1128/
JV1.76.13.6791-6799.2002

7. Cherkasova E.A., Yakovenko M.L., Rezapkin G.V., Korotkova E.A., Ivanova O.E., Eremeeva T.P., Romanenkova N.I.,
Rozaeva N.R., Sirota I., Agol V.I., Chumakov K.M. Spread of vaccine-derived poliovirus from a paralytic case in an immunode-
ficient child: an insight into the natural evolution of oral polio vaccine. J. Virol., 2005, vol. 79, no. 2, pp. 1062—1070. doi: 10.1128/
JV1.79.2.1062-1070.2005

8. Crainic R., Couillin P., Blondel B., Cabau N., Boue A., Horodniceanu F. Natural variation of poliovirus neutralization epitope.
Infect. Immun., 1983, vol. 41, no. 3, pp. 1217—1225. doi: 10.1128/iai.41.3.1217-1225.1983

9. Cuervo N.S., Guillot S., Romanenkova N., Combiescu M., Aubert-Combiescu A., Seghier M., Caro V., Crainic R., Delpeyroux F.
Genomic features of intertypic recombinant Sabin strains excreted by primary vaccinees. J. Virol., 2001, vol. 75, no. 13, pp. 5740—
5751 doi: 10.1128/JV1.75.13.5740-5751.2001

10. Ivanova O.E., Eremeeva T.P., Morozova N.S., Sahakyan A.K., Kratovo E.A., Kozlovskaya L.I., Baykova O.Y., Krasota A.Y.,
Gmyl A.P. Vaccine-associated paralytic poliomyelitis in the Russian Federation in 1998—2014. Int. J. Infect. Dis., 2018, vol. 76,
pp. 64—069. doi: 10.1016/}.ijid.2018.08.017

11. Korotkova E.A., Gmyl A.P., Yakovenko M.L., Ivanova O.E., Eremeeva T.P., Kozlovskaya L.I. A cluster of paralytic poliomyelitis
cases due to transmission of slightly diverged Sabin 2 vaccine poliovirus. J. Virol., 2016, vol.90, no.13, pp. 5978—5988. doi: 10.1128/
JVI1.00277-16

12. Korotkova E.A., Prostova M.A., Gmyl A.P., Kozlovskaya L.I., Eremeeva T.P., Baikova O.Y., Krasota A.Y., Morozova N.S.,
Ivanova O.E. Case of poliomyelitis caused by significantly diverged derivative of the poliovirus type 3 vaccine sabin strain circu-
lating in the orphanage. Viruses, 2020, vol. 12, no. 9: 970. doi: 10.3390/v12090970

13. Romanenkova N.I., Guillot S., Rozaeva N.R., Balanant J., Crainic R., Bichurina M., Delpeyroux F. Use of a multiple restriction
fragment length polymorphism method for detecting vaccine-derived polioviruses in clinical samples. J. Clin. Microbiol., 2006,
vol. 44, no. 11, pp. 4077—4084. doi: 10.1128/JCM.00017-06

14. Sabin A.B. Oral poliovirus vaccine: history of'its development and use, current strategies to eliminate poliomyelitis from the world.
J. Infect. Dis., 1985, vol. 151, no. 3, pp. 420—436. doi: 10.1093/infdis/151.3.420

15. Sutter RW., Kew O.M., Cochi S.L., Aylward R.B. Poliovirus vaccine — live. In: Vaccines. Eds. Plotkin S.A., Orenstein W.A.,
Offit P.A.; 6th ed. Philadelphia, PA: Elsevier Saunders, 2013, pp. 598—645.

16. Thompson J.D., Higgins D.G., Gibson T.J. CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment
through sequence weighting position-specific gap penalties and weight matrix choice. Nucl. Acids Res., 1994, vol. 22, no. 22,
pp. 4673—4680. doi: 10.1093/nar/22.22.4673

17. Van der Avoort H.G., Hull B.P., Hovi T.J., Pallansch M.A., Kew O.M., Crainic R., Wood D.J., Mulders M.N., Van Loon A.M.
Comparative study of five methods for intratypic differentiation of polioviruses. J. Clin. Microbiol., 1995, vol. 33, no. 10, pp. 2562—
2566. doi: 10.1128/jcm.33.10.2562-2566.1995

18. Wattigney W.A., Mootrey G.T., Braun M.M., Chen R.T. Surveillance for poliovirus vaccine adverse events, 1991 to 1998: im-
pact of a sequential vaccination schedule of inactivated poliovirus vaccine followed by oral poliovirus vaccine. Pediatrics, 2001,
vol. 107, no. 5: e83. doi: 10.1542/peds.107.5.e83

19. World Health Organization (WHO). Classification and reporting of vaccine-derived polioviruses (VDPV). GPEI guidelines.
2016. URL: https.//polioeradication.org/wp-content/uploads/2016/09/Reporting-and- Classification-of-VDPVs_Aug2016_EN.pdf

20. World Health Organization (WHO). Manual for the virological investigation of polio. 4th ed. Geneva: WHO; 2004. URL: http.//
whqlibdoc.who.int/hq/2004/ WHO_IVB_04.10.pdf

21. World Health Organization (WHO). Polio eradication and endgame strategic plan 2013—2018. URL: http;//www.polioeradication.
org/Portals/0/Document/Resources/StrategyWork/PEESP _EN_A4.pdf

22. Yakovenko M.L., Gmyl A.P., Ivanova O.E., Eremeeva T.P., Ivanov A.P., Prostova M.A., Baykova O.Y., Isaeva O.V., Lipskaya G.Y.,
Shakaryan A.K., Kew O.M., Deshpande J.M., Agol V.I. The 2010 outbreak of poliomyelitis in Tajikistan: epidemiology and les-
sons learnt. Eurosurveillance, 2014, vol. 19, no. 7: 20706.

336



2023, T. 13, Ne 2

Polioviruses and paralysis

23. Yakovenko M.L., Korotkova E.A., Ivanova O.E., Eremeeva T.P., Samoilovich E., Uhova 1., Gavrilin G.V., Agol V.I. Evolution
of the Sabin vaccine into pathogenic derivatives without appreciable changes in antigenic properties: need for improvement of cur-
rent poliovirus surveillance. J. Virol., 2009, vol. 83, no. 7, pp. 3402—3406. doi: 10.1128/JV1.02122-08

24. Yang C.F.,, De L., Holloway B.P., Pallansch M.A., Kew O.M. Detection and identification of vaccine-related polioviruses by
the polymerase chain reaction. Virus Res., 1991, vol. 20, no. 2, pp. 159—179. doi: 10.1016/0168-1702(91)90107-7

25. ZhaoD.,MaR.,ZhouT., Yang F., Wul.,SunH., LiuF.,, Lu L., Li X., Zuo S., Yao W., Yin J. Introduction of inactivated poliovirus
vaccine and impact on vaccine-associated paralytic poliomyelitis — Beijing, China, 2014-2016. MM WR Morb. Mortal. Wkly Rep.,
2017, vol. 66, no. 49, pp. 1357—1361. doi: 10.15585/mmwr.mm6649a4

ABTOpbI:

PomaneHkoBa H.W., K.M.H., CTapLUMin HAy4YHbIN COTPYOHVK,
BEAYLUMIA Hay4HbIVi COTPYAHMK NabopaTopum 3TUONOMMN U KOHTPONS
BUPYCHbIX nHGekumin ®BYH HUW anupemunonorum n mvkpobronorum
nmenn Mactepa, CaHkT-MeTepbypr, Poccus;

HryeH T.T.T., O.H., 3aB. nabopaTopueli 3HTePOBUPYCOB OTAENA
UMMYyHONOrMK 1 Mukpobuonorum, MHctutyT MacTepa B XoLwmmuHe,
r. XOWnMuH, BbeTHawm;

Po3aesa H.P., K.M.H., CTapLU/in Hay4HbIV COTPYAHMK, CTapLUUA
Hay4HbI COTPYAHUK TaBopaToOpUn 3TUONOTUN U KOHTPOJISt BUPYCHBIX
nHdekumin ®6YH HAN annpgemmonorum n mukpobuonorum

nmenn Mactepa, CaHkT-MeTepbypr, Poccus;

Kanaea 0.U., k.6.H., Hay4Hblii COTPYAHVK nabopaTopum 3TUONOrMn
1 KOHTPONS BUPYCHbIX HGekumin ®BYH HUW annpgemvionorvum

1 Mukpobuonorum nmenu MNactepa, CaxkT-MNeTepbypr, Poccus;
EBceeBa B.A., Hay4HbIil COTPYAHUK NTaBopaTopumn 3aTNonornm

1 KOHTpONS BUPYCHbIX HGekumin ®BYH HUW annpgemvionorum

1 Mukpobuonoru umenu Mactepa, CaHkT-Netepbypr, Poccus;
BuyypuHa M.A., 1.M.H., CTapLUWI HAY4HbI COTPYLHNK,

3aB. nabopartopwein nabopaTopyu 3TUONOMMN U KOHTPONS BUPYCHBIX
nHdekumin ®6YH HAN annagemmonorum n mukpobuonorum

nmenn Mactepa, CaHkT-MeTepbypr, Poccus.

Authors:

Romanenkova N.I., PhD (Medicine), Senior Researcher, Leading
Researcher, Laboratory of Etiology and Control of Viral Infections,
St. Petersburg Pasteur Institute, St. Petersburg, Russian Federation;
Nguyen T.T.T., MD, Head of Enteroviruses Laboratory, Institut
Pasteur in Ho Chi Minh City, Ho Chi Minh City, Vietnam;

Rozaeva N.R., PhD (Medicine), Senior Researcher, Laboratory

of Etiology and Control of Viral Infections, St. Petersburg Pasteur
Institute, St. Petersburg, Russian Federation;

Kanaeva 0.1., PhD (Biology), Researcher, Laboratory of Etiology
and Control of Viral Infections, St. Petersburg Pasteur Institute,

St. Petersburg, Russian Federation;

Evseeva V.A., Researcher, Laboratory of Etiology and Control of Viral
Infections, St. Petersburg Pasteur Institute, St. Petersburg, Russian
Federation;

Bichurina M.A., DSc (Medicine), Senior Researcher, Head of the
Laboratory of Etiology and Control of Viral Infections, St. Petersburg
Pasteur Institute, St. Petersburg, Russian Federation.

MocTynuna B pepakumio 31.01.2023
MpuHsaTa k nevyatn 25.02.2023

Received 31.01.2023
Accepted 25.02.2023

337




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


